




STATE OF CALIFORNIA - NATURAL RESOURC~S AGENCY ARNOLD SCHWARZENEGGER, GO= -- 
CALIFORNIA COASTAL COMMiSSlQN 
South Coast Area ORce Page 1 of 3 
200 Oceangate, Su~te 1000 
Long Beach, CA 90802-4302 Date: June 1, 2010 
(562) 590-5075 Permit No: 5-10-030 

C,O,A__STAL DEVm,PMENT PERMIT 

On April 'l6, 2010, the Caiifornia Coastal Commission granted to Department of 
Transportation, District #7 Coastal Development Permit 5-10-030, subject to the 
attached Standard and Special Conditions, for development consisting of: 

Construct new, approximately 96 foot wide, 4-12 foot wide bridge approach 
road with 4 7 2-foot wide lanes and shoulders varying from 2 feet to 10 feet, 
bridge approach road by realigning the existing approximately 80 foot wide 
road (Route 47) to the east. The realigned road will overlap portions of the 
existing roadway and the new roadway will be partly elevated and extend 
approximately 1,800 feet in iength from the City of Los Angeles boundary 
line, located approximately 240 feet north of the Cerritos Channel to 
approximately the Pier A West crossing. The new road is part of the 
proposed Schuyler Heim bridge replacement project which is in the Port of 
Long Beach's permit jurisdiction. More specifically described in the 
application file i n  the Commission offices. 

The development is within the coastal zone in Los Angeles County at State Route 47 
(from Ocean Blvd. to Henry Ford Avenue, SR-47 Right-of-way). 

Issued on behalf of t h e  California Coastal Commission on June .2, 2010. 

PETER DOUGLAS 
Executive Director 

By: 
Title. 

ACKNOWLEDGMENT 

The undersigned permittee acknowledges receipt of this permit and agrees to abide by all terms 
and conditions thereof. 

The undersigned pennittee acknowledges that Government Code Section 81 8.4 which states in 
pertinent part, that: "A public entity is not liable for injury caused by the issuance . , . of any 
permit . . ," applies to the issuance of this permit. 

IMPORTANT: THIS PERMIT IS NOT VALID UNLESS AND UNTIL A COPY OF THE PERMIT 
WITH THE SIGNED ACKNOWLEDGMENT HAS BEEN RETURNED TO THE COMMiSSION 
OFFICE. 14 CAL. ADMIN. CODE SECTION 13158(a). 

7 /8//0 ~ c - 4  ?&a 
Date Signature of Permittee 
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Please sign and return one copy of this form to the Commission office at the above 
address. 

STANDARD CONDITIONS 

1. Notice of Receipt and Acknowledgment. The permit is not valid and 
development shall not commence until a copy of the permit, signed by the 
permittee or authorized agent, acknowledging receipt of the permit and 
acceptance of the terms and conditions, is returned to  the Commission office. 

2. Expiration. if development has not commenced, the permit will expire two years 
from the date on which the Commission voted on the application. Development 
shall be pursued in a diligent manner and completed in a reasonable period of 
time. Application for extension of the permit must be made prior to the expiration 
date. 

3. Interpretation. Any questions of intent or interpretation of any condition will be 
resolved by the Executive Director or the Commission. 

4. Assiqnment. The permit may be assigned to any qualified person, provided 
assignee files with the Commission an affidavit accepting all terms and 
conditions of the permit. 

5. Terms and Conditions Run with the Land. These terms and conditions shall 
be perpetual, and it is the intention of the Commission and the permittee to bind 
all future owners and possessors of the subject property to the terms and 
conditions. 

I. Landscape Plan 

A. Prior to issuance of the coastal devetopment permit, the applicant shall submit, for 
review and approval of the Executive Director, a landscaping plan. The plan shall be 
prepared by a licensed landscape architect. To minimize the need for irrigation and to 
minimize encroachment of non-native plant species into adjacent areas, all landscaping 
shall consist of nativ'e andlor: drought tolerant non-invasive plant species. No plant 
species listed as problematic and/or invasive by the California Native Plant Society, the 
California lnvasive Plant Council (formerly known as the California Exotic Pest Plant 
Council), or as may be identified from time to time by the State of California shall be 
utilized on the property. No plant species listed as a 'noxious weed' by the State of 
California or the U.S. Federal Government shall be utilized within the property. All plants 
employed on the site shall be drought tolerant (low water use) plants identified by U. C 
Davis and the State Water Resources Control Board, 
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B. The permittee shall undertake development in accordance with the final plans 
approved by the Executive Director pursuant to this condition. Any proposed changes to 
the approved plans shall be reported to the Executive Director in order to determine if 
the proposed change shall require a permit amendment pursuant to the requirements of 
the Coastal Act and the California Code of Regulations. 

apnm (G Permit 2010) department of transportation. dist.#7 
Document2 Printed on June I ,  2010 



DEPARTMENT OF THE ARMY 
LOS ANGELES DISTRICT, CORPS OF ENGINEERS 

P.O. BOX 5 3 2 7 1 1  
LOS ANGELES, CALIFORNIA 90053-2325 

July 30,2010 
IIEI'LY T O  

411 E N T I O U  O F  

Regulatory Division 

DEPARTMENT OF THE ARMY NATIONWIDE PERMIT AUTHORIZATION 

Karl Price, District 7 
California Department of Transportation 
C/O Lenny Malo, URS Corporation 
2020 East First Street, Suite 400 
Santa Ana, California 92705 

Dear Mr. Price: 

This is in reply to your application (File No. SPL-2010-00186-PHT), dated January 7,2010, 
for a Department of the Army Permit to discharge fill into waters of the U.S., in association with 
the Schuyler Heim Bridge Replacement Project. The proposed work would take place in 
Cerritos Channel, in the Cities of Long Beach and Los Angeles, Los Angeles County, California. 
Please refer to the enclosed map. 

Based on the information you have provided, the Corps of Engineers has determined that 
your proposed activity complies with the enclosed terms and conditions of Nationwide Permit 
No. 14 for Linear Transportation Projects, as described in enclosure 1. 

Specifically, as shown on the enclosed plans, you are authorized to: 

1. Temporarily grade 0.15 acre on the south side of Cerritos Channel and temporarily 
grade 0.01 acre on the north side of Cerritos Channel for temporary construction access; 

2. Construct eight cast-in-drilled hole piles to support the east side of the new bridge, 
permanently impacting 0.021 acre; 

3. Temporarily place two 140-foot-long by 80-foot-wide coffer dams around Piers 27 and 
28 and two 140-foot-long by 51-foot-wide coffer dams around Piers 26 and 29 of the 
existing bridge, temporarily impacting 0.488 acre of Cerritos Channel; 

4. Construct eight cast-in-drilled hole piles to support the west side of the new bridge, 
permanently impacting 0.021 acre; and 

5. Place rock over areas where an existing concrete retaining wall around Pier 29 would be 
removed and where two columns for Pier 26 would be removed, permanently impacting 
0.28 acre of Cerritos Channel. 



Furthermore, you must comply with the following non-discretionary Special Conditions: 

1. The permitted activity shall not interfere with the right of the public to free navigation on all 
navigable waters of the United States as defined by 33 C.F.R. Part 329. 

2. The Permittee shall discharge only clean construction materials suitable for use in the oceanic 
environment. The Permittee shall ensure no debris, soil, silt, sand, sawdust, rubbish, cement or 
concrete washings thereof, oil or petroleum products, from construction shall be allowed to enter 
into or placed where it may be washed by rainfall or runoff into waters of the United States. Upon 
completion of the project authorized herein, any and all excess material or debris shall be 
completely removed from the work area and disposed of in an appropriate upland site. 

3. The Permittee shall notify the Corps Regulatory Division of the date of commencement of 
operations not less than 14 calendar days prior to commencing work, and shall no* the Corps of 
the date of completion of operations at least five calendar days prior to such completion. 

4. To ensure navigational safety, the Permittee shall provide appropriate notifications to the U.S. 
Coast Guard as described below: 

Commander, 11th Coast Guard District (dpw) 
TEL: (510) 437-2980 
E-mail: dllLNM@uscg.mil 
Website: http://www.uscg.mil/dp/lnmrequest.asp 

U.S. Coast Guard, Sector LA-LB (COP) 
TEL: (310) 521-3860 
E-mail: john.p.hennigan@uscg.mil 

A) The Permittee shall notify the U.S. Coast Guard, Commander, 11th Coast Guard District (dpw) 
and the U.S. Coast Guard, Sector LA-LB (COTP) (contact information shown above), not less than 
14 calendar days prior to commencing work and as project information changes. The notification 
shall be provided by e-mail with at least the following information, transmitted as an attached 
Word or PDF file: 

1) Project description including the type of operation (i.e. dredging, diving, construction, etc). 

2) Location of operation, including Latitude / Longitude (NAD 83). 

3) Work start and completion dates and the expected duration of operations. The Coast Guard 
needs to be notified if these dates change. 

4) Vessels involved in the operation (name, size and type). 

5) VHF-FM radio frequencies monitored by vessels on scene. 

6) Point of contact and 24 -hour phone number. 



7) Potential hazards to navigation. 

8) Chart number for the area of operation. 

9) Recommend the following language be used in the LNM: "Mariners are urged to transit at 
their slowest safe speed to minimize wake, and proceed with caution after passing arrangements 
have been made." 

B) The Permittee and its contractor(s) shall not remove, relocate, obstruct, willfully damage, make 
fast to, or interfere with any aids to navigation defined at 33 C.F.R. chapter I, subchapter C, part 66. 
The Permittee shall ensure its contractor notifies the Eleventh Coast Guard District in writing, with 
a copy to the Corps Regulatory Division, not less than 30 calendar days in advance of operating 
any equipment adjacent to any aids to navigation that requires relocation or removal. Should any 
federal aids to navigation be affected by this project, the Permittee shall submit a request, in 
writing, to the Corps Regulatory Division as well as the U.S. Coast Guard, Aids to Navigation 
office (contact information provided above). The Permittee and its contractor are prohibited from 
relocating or removing any aids to navigation until authorized to do so by the Corps Regulatory 
Division and the U.S. Coast Guard. 

C) Should the Permittee determine the work requires the temporary placement and use of private 
aids to navigation in navigable waters of the U.S., the Permittee shall submit a request in writing to 
the Corps Regulatory Division as well as the U.S. Coast Guard, Aids to Navigation office (contact 
information provided above). The Permittee is prohibited from establishing private aids to 
navigation in navigable waters of the U.S. until authorized to do so by the Corps Regulatory 
Division and the U.S. Coast Guard. 

D) The C O T  may modify the deployment of marine construction equipment or mooring systems 
to safeguard navigation during project construction. The Permittee shall direct questions 
concerning lighting, equipment placement, and mooring to the appropriate COTP. 

5. Within 30 calendar days of completion of the project authorized by this permit, the Permittee 
shall conduct a post-project survey indicating changes to structures and other features in navigable 
waters. The Permittee shall forward a copy of the survey to the Corps Regulatory Division and to 
the National Oceanic and Atmospheric Service for chart updating: Gerald E Wheaton, NOAA, 
Regional Manager, West Coast and Pacific Ocean, DOD Center Monterey Bay, Room 5082, Seaside, 
CA 93955-671 1. 

6. The Permittee understands and agrees that, if future operations by the United States require the 
removal, relocation, or other alteration, of the structure or work herein authorized, or if, in the 
opinion of the Secretary of the Army or his authorized representative, said structure or work shall 
cause unreasonable obstruction to the free navigation of the navigable waters, the Permittee will be 
required, upon due notice from the Corps of Engineers Regulatory Division, to remove, relocate, or 



alter the structural work or obstructions caused thereby, without expense to the United States. No 
claim shall be made against the United States on account of any such removal or alteration. 

7. The Permittee shall ensure that the natural course of all drainages impacted are restored to pre- 
project contours or gradients and conditions to the maximum extent possible upon project 
completion to provide optimal habitat for fish and other aquatic wildlife. 

8. This Corps permit does not authorize you to take any threatened or endangered species, in 
particular the California least tern (Sternula antillarum browni) or adversely modify its designated 
critical habitat. In order to legally take a listed species, you must have separate authorization 
under the Endangered Species Act (ESA) (e.g. ESA Section 10 permit, or a Biological Opinion (BO) 
under ESA Section 7, with "incidental take" provisions with which you must comply). Pursuant to 
the FWS correspondence dated July 24,2009, including the required avoidance and minimization 
measures, the Corps Regulatory Division has determined and the FWS has concurred that your 
activity is not likely to adversely affect the above species. Your authorization under this Corps 
permit is conditional upon your compliance with all of the required avoidance and minimization 
measures, which are incorporated by reference in this permit. Failure to comply with the required 
avoidance and minimization measures would constitute non-compliance with your Corps permit. 
The FWS is the appropriate authority to determine compliance with the terms and conditions of its 
BO and with the ESA. 

9. The Permittee shall adhere to the "Memorandum of Agreement between the California 
Department of Transportation and the California State Historic Preservation Officer Regarding the 
State Route 47 Expressway and the Schuyler Heim Bridge Replacement Project, Cities of Long 
Beach and Los Angeles, Los Angeles County, California," executed on February 5,2008. 

10. The Permittee shall implement all conservation measures proposed in its "Schuyler Heim 
Bridge Replacement Project Essential Fish Habitat Assessment," dated January 2010. 

11. The Permittee shall abide by the terms and conditions of Clean Water Act Section 401 
Certification 10-005, issued by Los Angeles Regional Water Quality Control Board. 

12. The Permittee shall abide by the terms and conditions of Coastal Development Permit 5-10- 
030, issued by California Coastal Commission South Coast Area Office. 

13. The Permittee shall abide by the terms and conditions of Harbor Development Permit 10- 
014, issued by Port of Long Beach. 

This verification is valid until the NWP is modified, reissued, or revoked. All of the 
existing NWPs are scheduled to be modified, reissued, or revoked prior to March 18,2012. It is 
incumbent upon you to remain informed of changes to the NWPs. We will issue a public notice 



when the NWPs are reissued. Furthermore, if you commence or are under contract to 
commence this activity before the date that the relevant nationwide permit is modified or 
revoked, you will have twelve (12) months from the date of the modification or revocation of 
the NWP to complete the activity under the present terms and conditions of this nationwide 
permit. 

A nationwide permit does not grant any property rights or exclusive privileges. Also, it 
does not authorize any injury to the property or rights of others or authorize interference with 
any existing or proposed Federal project. Furthermore, it does not obviate the need to obtain 
other Federal, state, or local authorizations required by law. 

Thank you for participating in our regulatory program. If you have any questions, please 
contact Phuong Trinh of my staff at 213.452.3372 or via e-mail at 
Phuong.H.Trinh@usace.army.mil. 

Please be advised that you can now comment on your experience with Regulatory 
Division by accessing the Corps web-based customer survey form at: 
http://~er2.nw~.usace.armv.mil/surve~.html. 

Sincerely, 

Mark D. Cohen 
Deputy Chief, Regulatory Division 

Enclosures 



LOS ANGELES DISTRICT 
U.S. ARMY CORPS OF ENGINEERS 

CERTIFICATION OF COMPLIANCE WITH 
DEPARTMENT OF THE ARMY NATIONWIDE PERMIT 

Permit Number: SPL-2010-00186-PHT 

Name of Permittee: Karl Price, District 7, California Department of Transportation 

Date of Issuance: July 30, 2010 

Upon completion of the activity authorized by this permit and any mitigation required 
by the permit, sign this certification and return it to the following address: 

U.S Army Corps of Engineers 
Regulatory Division 
ATTN: CESPL-RG-SPL-2010-00186-PHT 
LOS ANGELES DISTRICT, CORPS OF ENGINEERS 
P.O. BOX 532711 
LOS ANGELES, CALIFORNIA 90053-2325 

Please note that your permitted activity is subject to a compliance inspection by an 
Army Corps of Engineers representative. If you fail to comply with this nationwide permit you 
may be subject to permit suspension, modification, or revocation procedures as contained in 33 
CFR 330.5 or enforcement procedures such as those contained in 33 CFR 326.4 and 326.5. 

I hereby certify that the work authorized by the above referenced permit has been 
completed in accordance with the terms and conditions of the said permit, and required 
mitigation was completed in accordance with the permit condition(s). 

Signature of Permittee Date 



BRIDGE PERMIT 

AUG 2 4 2010' 

WHEREAS by Title V of an act of Congress approved August 2, 1946, entitled 
"General Bridge Act of 1946," as amended (33 U.S.C. 525-533), the consent of 
Congress was granted for the construction, maintenance and operation of bridges and 
approaches thereto over the navigable waters of the United States; 

AND WHEREAS the Sec ecurity has delegated the authority 

Homeland Secur' gation Number: 0170.1 ; 

mandant must 

all be in accordanc 

shall be so conducted that the free navigation of the waterway is not unreasonably 
interfered with and the present navigable depths are not impaired. Timely notice of any 
and all events that may affect navigation shall be given to the District Commander 
during construction of the bridge. The channel or channels through the structure shall 
be promptly cleared of all obstructions placed therein or caused by the construction of 
the bridge to the satisfaction of the District Commander, when in the judgment of the 
District Commander the construction work has reached a point where such action 
should be taken, but in no case later than 90 days after the bridge has been opened to 
traffic. 



AUG 2 4 2010 

Continuation Sheet Replacement bridge across the Cerritos Channel BRIDGE PERMIT 
at the Ports o f  Los Angeles and Long Beach, California (3-1 0-1 I) 

3. Issuance of this permit does not relieve the permittee of the obligation or 
responsibility for compliance with the provisions of any other law or regulation as may 
be under the jurisdiction of the U. S. Army Corps of Engineers, Los Angeles District; 
U. S. Department of the Interior, Fish and Wildlife Service; U. S. Department of 
Commerce, National Marine Fisheries Service; State of California, State Historic 
Preservation Office, or any other federal, state or local authority having cognizance of 
any aspect of the location, construction or maintenance of said bridge. 

4. A bridge fendering system of non-sparking material shall be installed and 
maintained in good condition by and at the expense of the owner of the bridge as shown 
on the approved plan sheets 2, 3 and 4 (of 4) revised I I August 2010. Said installation 
and maintenance shall be for the safety of navigation and be in accordance with plans 
submitted to and approved by the District Commander prior to its construction. 

5. Clearance gauges shall be installed and maintained in a good and legible 
condition by and at the expense of the owner of the bridge. The type of gauges and the 
locations in which they are to be installed will be submitted to the District Commander 
for approval. 

6. All parts of the existing to-be-replaced Schuyler Heim Bridge across the 
Cerritos Channel, mile 4.9, not utilized in the new bridge shall be removed down to or 
below elevation 53 feet below Mean Sea Level within the navigation channel and down 
to or below elevation 18 feet below Mean Sea Level outside of the navigation channel. 
All other parts shall be removed down to a minimum of one foot below the natural 
ground line. The waterway shall be cleared to the satisfaction of the District 
Commander. A period of one year subsequent to the opening to traffic of the new 
bridge, mile 4.9, will be allowed for such removal and clearance. 

7. When the proposed bridge is no longer used for transportation purposes, it 
shall be removed in its entirety or to an elevation deemed appropriate by the District 
Commander and the waterway cleared to the satisfaction of the District Commander. 
Such removal and clearance shall be completed by and at the expense of the owner of 
the bridge upon due notice from the District Commander. 

8. The approval hereby granted shall cease and be null and void unless 
construction of the bridge is commenced within three years and completed within five 
years after the date of this permit. 

HALA ELGAALY, P.E. 
Administrator, Bridge Program 
U. S. Coast Guard 
By direction of the Commandant 
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HARBOR 
DEVELOPMENT 

PERMIT 
I 

925 HARBOR PLAZA LONG BEACH. CALIFORNIA 90802 PAGE 1 OF 3 
TELEPHONES (562)590-4160 (562)437-0041 FAX:(562)901-1728 

- 

[ 1. PERMIT NUMBER 2. ISSUE DATE 3. EXPIRATION DATE NOTE 
HDP-10-014 0711 91201 0 0711 91201 2 

4. TYPE OF ACTION: 

X PURSUANT TO CALIFORNIA COASTAL ACT OF 1976 AND CERTIFIED PORT MASTER PLAN - 
X PURSUANT TO SECTION 1215 OF THE LONG BEACH CITY CHARTER - 

LEVEL Ill COASTAL DEVELOPMENT PERMIT 

X APPEALABLE UNDER COASTAL ACT SECTION 30715 - 

- - 
5. PERMITTEE: CALTRANS 8. PERMITTEE PHONE: (213) 897-0120 

6. LEGAL INTEREST: Permittee 9. CONTACT PERSON: Karl Price 

7. PERMITTEE ADDRESS 10. TITLEIAFFILIATION: 

100 S. Main Street Senior Environmental Planner 

Los Angeles, CA 11. PHONE: 21 3-897-1 839 ZIP 90012 
I 

12. DESCRIPTION OF APPROVED WORK: 1 
I 

Replacement of the Shuyler Heim Bridge, including modifications to the bridge approaches. 

I 

13. LOCATION OF APPROVED WORK: 
SR-47 from Ocean Boulevard to SR-103IHenry Ford Avenue, Long Beach, CA 

14. DRAWINGS: SEE ATTACHED DESCRIPTION 1 
15. CALIFORNIA ENVIRONMENTAL QUALITY ACT DETERMINATION: 

- CATEGORICALLY EXEMPT [CLASS] 

- NEGATIVE DECLARATION, ADOPTED [DATE] 

X ENVIRONMENTAL IMPACT REPORT, CERTIFIED BY Board of Harbor Commissioners [LEAD AGENCY] 07/19/2010 - [DATE] 

16. MANDATORY n: ">--', 

X THE PROJECT CONFORMS WlTH THE CERTIFIED PORT MASTER PLAN - 
X THE PROJECT CONFORMS WlTH THE POLICIES OF THE COASTAL ACT - 
X THE PROJECT CONFORMS WlTH THE ESTABLISHED POLICIES OF THE - Various - - .- HARBOR PLANNING DISTRICT 

X THE PROJECT X WlLL - - WILL NOT HAVE ANY SIGNIFICANT ADVERSE ENVIRONMENTAL IMPACTS 

I - PUBLIC HEARING NOT REQUIRED PURSUANT TO THE PROVISIONS OF THE CERTIFIED PORT MASTER PLAN 

- THE EXECUTIVE DIRECTOR AUTHORIZED ISSUANCE OF THlS PERMIT ON 

5 A PUBLIC HEARING WAS HELD ON 07/19/2010 AT Port of Lonq Beach Admin Bda 

& THE BOARD OF HARBOR COMMISSIONERS AUTHORIZED ISSUANCE OF THIS PERMIT ON 07/19/2010 

BY A 5 TO 0 VOTE 

77. THlS PERMIT IS ISSUED SUBJECT TO PERMITTEE OBTAINING THE FOLLOWING APPROVALS, AS NECESSARY, AND 
COMPLYING WlTH STATED PERMIT TERMS AND CONDITIONS 

X L.B. DEPARTMENT OF PLANNING AND BUILDING - X AIR QUALITY MANAGEMENT DISTRICT 

X L.B. BUREAU OF FIRE PREVENTION - - X U.SI ARMY CORPS OF ENGINEERS 
X REGIONAL WATER QUALITY CONTROL BOARD - X OTHER Hot Work, Diq Alert, Various permits 

x THOSE STANDARD CONDITIONSSHOWN ON THE ATACHED PAGE OF THIS PERMIT. - 
X THOSE SPECIAL CONDITIONS SHOWN ON THE ATACHED PAGE[S] OF THlS PERMIT. - 

DATE 

I, .KM L f R w  [PERMITTEEIAGENT] HEREBY ACKNOWLEDGE RECEIPT OF 

HDP-10-014 AND HAVE ACCEPTED ITS CONTENTS AND CONDITIONS, 

DATE 

APPLICANT COPY I -- -- - - - - - -- . 



925 HARBOR PLAZA LONG BEACH. CALIFORNIA 90802 PAGE 2 OF 3 
TELEPHONES (562)590-4160 (562)437-0041 FAX:(562)901-1728 

- 
1 PERMIT NUMBER 2. ISSUE ME 3. EXPIRATION DATE NOTE 

HDP-10-014 WIl SW201 IF 0711 91201 2 

-- 1 
STANDARD CONDITIONS 

1 Effectlve Date. Thls permit shall not become &Wive until the ORIGIIWL has beon returned ta th% Enviranmntal Plannirrg Diuieion. fully signed 
by the permlttee or agent(s) authorized In the pmmitapplkhn. Failure to return tho original within ttriity (30) days of approval shall render the 
permlt invalld Other conditions notwlthstandhg, i f t h  p r o w b  appealabk we permit shall not become w d l  affertfis brlth (10th) working day 
following notlficatlon of approval, unless an appeal has h n  filed witn the Califamia Coagfai Commission within that tirne. By executing this 
permlt, permlttee or its agent(s) acknowledge that they have received a copy of the lully-signed pernit for its use and post said oopy 
conspicuously at the project slte 

2 Non-Walver Condition and Assignment: Nothing in this permit shall be deemed o r c o n a s d  as a waiust of any term or condlt~on contamed in 
permlttee lease, preferential assignment, permit, or other agreement with the Long Beach H a h r  Commlss~on. Thls permlt shall not be asslgned 
except as provlded In the Board of Harbor Commiss~oners Port Master Plan Implementation Guidelines and In Section 131 70 of Tltle 14 of the 
Callfornla Admlnlstratlve code, to the extent applicable. 

3 Permit Expiration: Work authorized by this permit must commence within two years of the effective date of this permit unless otherwise 
specified. If work has not commenced, this permit will expire two (2) years from its effective date. Any application for an extension of said 
commencement date must be made at least thirty (30) days prior to the expiration of this permit. 

4 Compliance W b  lawsand Regrrhtionr: Permittee shall ccmply with 1111 laws, statutes, rules, regulations, and orders of all governmental 
agencks haring jutisdietion over ehe pemWe*s project. Permthe, at Its own expense, shall obtain all requlslte permlts, approvals, and consents 
from the appropriate agencies. indudlng but not limW to the Ci of Long Beach (WLB) Harbor Department. the C O B  Development Services, 
COLB F I  Department, the South Coast Mr Qualii Management Bistrlct, the California hpartment of Health Service$, and me Regional Water 
Quality Conm1 bard, and shall comply wlfh any such permit, approva, or consent. Copies d all requisite permits shall be waiMblo for inspection 
atthepmjectsite. 

5 Construction Drawings: Final plans and specifications for construction, incorporating any modifications made by the Harbor Department, shall be 
submitted to the Environmental Planning Division for review and approval prior to commencement of any portion of the development. 

6 Notification: Permittee shall notify the Chief Harbor Engineer, in writing, of the anticipated start date of any construction at least ten (10) days in 
advance. 

7 Permission from Property Owner: Permittee shall coordinate with all facilities which may be affected by the permitted project. Permittee shall not 
interfere with any facility operations. Permittee may contact the Harbor Department Terminal Services Section at 562-590-41 80 for assistance 
with notifications. 

8 SulYS~rfa* Constwction: Pmfttee shall consultwith the Oumys and Mapplngs Sectlon of the Harbor Department and Underground Service 
~ s r t d S m t h e r n  Cdiifornia (Didtsrt) regarding possible interference to underground utilities for all work lnvolvlng excavation, a mlnlmum of 48 
hour3 In advance. Permwe shall conduct all subsuiubca work in ammian- with Sectlon 5 of tke I&est edition of Standard Speclficatlons for 
PubWc Worko C o n s ~ o F i s  (Th  "Green bit"). Pemlh&e shall f~ mponslbk for all damage to undwground structures and utlllty llnes 
oewrring as a FeWh Ofpmject construction arwl shall r@$W all ground s u m  disturbed by excavation to original condltlons, unless otherwise 
provided f# by the permitted $foQcf &sign. This indudes, but is nut llrnited to, lrrlgation Irnes, water main I~nes, underground condu~t, and 
mluFfac@ bndscaping. The afiinmnt of my underground utmtiss thanlust be r%lomed as a result of the psnnwd project must be approved by 
the Dhctor of Environnqental Planning and the Utility owner. Peffnittwt, except as otherwise provlded Par or agreed to, IS responsible for any 
costs associated with repalrlng, replacing, or relocating underground or surface utilities or landscaping dioturbed IDT destroyed durlng the 
permitted project 

9 Conduct of Work: Permittee shall perform all work in strict accordance with the plans and specifications approved by the Harbor Department 
Environmental Planning Division. Permittee shall conduct project site preparation and construction activities in a manner that minimizes dust and 
releases of materials into harbor waters. Distribution and/or removal of surplus materials (fills, dirt, broken asphalt, etc.) generated by the 
construction activities on property under the juilsdiction of the Harbor Commission must have prior approval of the Chief Harbor Engineer. 

10 As-bkillt: A~buj l t  drawings for consfruUion within the Harbor Wet shall be submitted to the Construction Management Divislon (562-590-41 72) 
&the Harbor Depadmntwithin thirty (30) days of h completion ofwrk. Except in the case of underground wok, final construction drawlngs 
may w w  aaas-buifts pmW r setdsud~ drawings am s u b m l  and stamped "as-built". For underground work, permittee shall submlt to 
the Condnrefion Ma-nt Dhisim, a h i n  thilty (30) days dcompUlon of the work, two (2) sets of as-built drawlngs and survey notes, slgned 
by a licensed WmyoryyhB shall certify to the accuracy horironts~l and vertical alignment. All of said drawings shall be drawn to a scale of 
no more than one hundred (100) feet to the inch, shall show the accurate alignments by centerllne traverses, shall be referenced to all 
lntersectlons of street property llnes and survey points furnished by the Harbor Department, and shall show the elevations of the tops of the 
pipelines and facilities All surveys work shall be to the latest third order of accuracy as established by the Natlonal Oceanic and Atmospheric 
Admlnlstratlon surveys 

11 Trafflc Management For all projects that Impact Harbor -hnfioads>ermiibshaH submit for approval by the D~rector of Environmental 
Plannlng a Trafflc Management Plan Permittee shall amply wih dl traffic warning and control devices, slgns, and plans described In the Work 
Area Trafflc Control Handbook or the Manual on Un~fomTratRcControl D e v i m  (MkJYCD) 2003 Callfornla Supplement 

12 Non-Compliance Penalties: Violation of any provision or condition in this permit shall constitute grounds for revocation of this permit and shall 
render the permittee liable for civil penalties of up to $10,000.00. Any person who willfully and knowingly conducts work in the Harbor District in 
violation of the Port Master Plan Guidelines shall be liable for civil penalties of $5,000.00 per violation per day. 

13 Hazardous Material: If during the coarse of the permitted project permittee shall discover or have reason to believe that material being excavated 
at the project site contains extremely hazardous wastes or hazardous wastes as those terms are or have been defined by the administrator of the 
Environmental Protection Agency, the California Department of Toxic Substances Control, or any other person or agency having jurisdiction over 
the management of hazardous materials, permittee, at its cost, shall: (i) promptly notify the Director of Environmental Planning of the permittees 
discovery or belief; (ii) at the request of the Director of Environmental Planning, initiate chemical and or physical characterization of the material; 
(iii) promptly submit all laboratory and test results to the Director of Environmental Planning on receipt thereof; (iv) develop and submit for 
approval to the Director of Environmental Planning a remediation plan providing for the appropriate disposal and or treatment of the contaminated 
material; (v) implement that plan in accordance with the regulations and orders of the governmental agencies having jurisdiction; (vi) if material is 

. -  - - -- - - =- - --  - - - 
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removed, replace all such material with clean fill material that is structurally suitable for the project, and cause the excavation to be backfilled and 
compacted; and (vii) promptly submit copies of all waste manifests to the Director of Environmental Planning. 

14 Indemnity' Permittee shall indemnify the Harbor Department from and against any and all actions, suits, proceedings, clams, demands. 
damages, losses. liens, costs, expenses, or liabilities of any kind and nature whatsoever ("clarms") which may be brought. made, filed against, 
Imposed upon, or sustained by the Harbor Department, arising from, attributable to, caused by, in connection with. or pertaining to the activities 
descr~bed in this permit, except to the extent such claims are caused by the negligence or willful misconduct of the Harbor Department 

I 

DRAWINGS : 

3 unnumbered drawings, L-I  through L-6, X-I through X-8, PS-I through PS-18, G-I through G-6, U-I through U-33, D-I through D-6, DP-1 through 
DP-5, DD-1 throgh DD-10, DQ-1 through DQ-7, WPC-1 through WPC-6, PP-1 through PP-6, IP-I through IP-6, Structure Plan 1 through Structure Plan 
9, General Pla! ?.a>dA 

I 

1 Perm~ttee shall submit a Railroad Work Plan to the Port of Long Beach Environmental Planning Division (562-590-4160) for work within 10-feet of 
the track centerline no less than 14 calendar days prior to starting work and be responsible for the cost of a flag person, provided by Pacific Harbor 
Line (310-8%-4594), to work with~n 20-ket of the track centerline. 

2 Permittee shall provide Port of Long Beach Inspections (562-5904172) with as-built coordinates of all exposed, new or abandoned underground 
utilities or structures in NAD '83 epoch 1991.35 feet coordinates and elevations in NGVD '29 Mean Lower Low Water feet. 

I 
3 Permittee shall coordinate with all facilities which may be affected by the permitted project, including but not limited to SSAT, TTI, and the Port of 

Long Beach Trade Relations, Engineering, and Real Estate divisions. Permittee shall not interfere with any facility operations. Permittee may 
contact POLB Terminal Services at 562-590-4180 for assistance with notifications. I 

I 

4 Permittee shall contact the Port of Long Beach Inspection Division at (562) 590-4172 at least 2 working days prior to backfilling any exposed or 
new underground utilities or structures to allow for as-built surveys. 

5 Permittee shall install peregrine falcon nesting platforms on the Badger Avenue Bridge at least 1 month prior to the start of construction on the 1 
Project. Permittee shall conduct monitoring of the falcons' use of the Badger Avenue Bridge nesting platforms commencing at least 1 month prior 
to, and monthly thereafier. for each nesting season occurring during construction of the Project. Permittee shall have a qualified biologist conduct 
the rnon~toring. If after the first nesting season falcon nesting was not observed on the Badger Avenue Bridge, Permittee shall install falcon 
nesting platforms on the new Schuyler Heim Bridge, at least 
1 month prior to the start of the next nesting season. Permittee shall submit annual reports on the falcon nesting status to the Director of 
Env~ronmental Pla_qing (?82]>9Q1416O. 1 

6 Permittee Shall be responsible for designing and building a structure northerly of the Cerritos Channel, including foundations and soil 
improvements, that accommodates fill under the proposed bridge to an elevation that approximately matches adjacent grades (approximately 15 
feet above sea level) 

I 

7 Permittee shall handle all stormwater runoff from the Project without discharging into the Port of Long Beach's stormwater drainage facilities. If an 
independent Caltrans drainage system is not feasible. Permittee shall treat all stormwater to meet current and future regulatory requirements 
(including TMDLs) prjor to the stormwater entering the Port of Long 8each's drainage system. Final drainage improvements shall be agreed to by 
both the Perm~Eee and the Port of Long Beach. Permittee shall be responsible for the costs of drainage improvements. including but not limited to 
treatment ~nstallations, drainage-related fill, and modifications to existing facilities. Permittee shall prepare a Standard Urban Stomwater 
Mit~gation Plan (SUSMP) and submit it to the Port of Long Beach Director of Environmental Planning (562-590-4160) for review and approval prior 
to project commencement. 1 

8 Perm~ttee shall construct a heavy construction pier per the guidelines in the American Railway Engineering and Maintenance of Way Association 
Manual of Recommended Practices (Chapter 8, Part 2, Section 2.1.5.1) which requires piers within 25 feet of a future track be heavy construction 
or protected by a pier protectton (crash) wall. The Project must meet these criteria and not interfere with planned upgrades to the Pier S Railyard. I 

10 Permittee shall implement all mitigation measures identified in the FElSlFElR that apply to the Project I 

- - 
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*5*1 or ca. I 
UN~TED STATES DEPARTMENT OF COMMERCE 
National Oceanic and AImospheric Administration 
NATIONAL MARINE FISHERIES SERVICE 
Southwest Req~on ' 
501 West 0c;an Boulevard, Suite 42M3 
Long Beach, California 90802-421 3 

Karl Price 
California Department of Transportation 
District 7 - Division of Environmental Planning 
100 Main Street, Suite 100 
Los Angeles, California 9001 2-3 606 

Dear Mr. Price: 

NOAA's National Marine Fisheries Service (NMFS) has reviewed the Essential Fish 
Habitat (EFH) Assessment and Final Environmental Impact Assessment/Environmental 
Impact Report (EIS/EIR), for the demolition and replacement of the Commodore 
Schuyler Heim Bridge (Br. No. 53-261 8) in the Ports of Long Beach and Los Angeles, 
Los Angeles County, California. NMFS offers the following comments pursuant to 
section 305@)(4)(A) of the Magnuson-Stevens Fishery Conservation and Management 
Act (MSA) and the Marine Mammal Protection Act (MMPA). 

Proposed Proiect 

The proposed project will replace the existing bridge with a fixed-span seismically sound 
bridge just east of the current alignment. Both the northerly and southerly approaches to 
the bridge will be replaced as well. Total pennanent and temporary disturbance is 
expected to be approximately 92 acres which includes the 250 foot (ft) buffer along the 
bridge footprint, used to accommodate temporary structures necessary for bridge 
construction. The bridge will be 36.6 meters (m) wide and will span 1,463 1x1 over the 
Cerritos Channel. The bridge will be constructed 14.3 m above mean high water and no 
changes will be made to the i~avigational width of the channel. Project irnplementatiort is 
expected to take 2 to 3 years beginning in the winter of 2010. 

Magnuson-Stevens Fishery Conservation and Management Act Comments 

Action Area 

The proposed project occurs in EFH for various federally managed fish species within the 
Pacific Groundfish and Coastal Pelagics Fishery Management Plans (FMPs). 
Additionally, the project occurs within estuarine habitat, which is a designated habitat 
area of particular concern (HAPC) for various federally managed fish species within the 
Pacific Groundfish FMP. HAPC are described in the regulations as subsets of EFH 
which are rare, particularly susceptible to human-induced degradation, especially 



ecologically important, or located in an environmentally stressed area (50 CFR 
600.8 15(a)(S)). Designated HAPCs are not afforded any additional regulatory protection 
under MSA; however, federal projects with potential adverse impacts to HAPC will be 
more carefully analyzed during the consultation process. 

Effects of the Action 

The proposed bridge will increase the ovenvater footprint and will have adverse impacts 
to the underwater light environment through increased shading. The underwater light 
environment is a naturally light-reduced ecosystem due to light refraction from the waters 
surface. Light drives the photosynthetic process controlling plant growth and survival 
and is the most important factor affecting plants. Shading from ovenvater structures can 
reduce the complexity of the habitat by reducing the abundance of aquatic vegetation and 
phytoplankton. The overall morphology of the shadow cast by a structure is dependent 
on the height, width, material, and polar orientation of the structure. Structure height 
above aquatic vegetation has been determined to be the most important attribute affecting 
underwater light penetration and seagrass bed quality. Given the relatively depauperate 
underwater plant community within the action area and overall height of the proposed 
bridge, adverse impacts to EFH from shading are expected to be minimal. 

Fishes rely on visual cues for spatial orientation, prey capture, schooling, predator 
avoidance, and migration. Juvenile and larval fish are primarily visual feeders with 
starvation being the major cause of larval mortality in marine fish populations. Early life 
history stages are likely critical determining factors for recruitment and survival, with 
survival linked to the ability to locate and capture prey and to avoid predation. The 
reduced-light conditions found under an overwater structure limit the ability of fishes, 
especiaIly juveniles and larvae, to perform these essential activities. The shadow cast by 
an overwater structure may increase predation on federally managed species by creating a 
lightldark interface that allows ambush predators to remain in a darkened area (barely 
visible to prey) and watch for prey to swim by against a bright background (high 
visibility). As coastal development and overwater structure expansion continues, the 
underwater light environment will continue to degrade resulting in adverse effects to EFH 
and nearshore ecosystems. In this case, however, NMFS expects the adverse impacts to 
EFH be minimal given the overall bridge height and polar orientation. 

With the proposed pile installation, removal activities, and large areas of dewatered 
coffer dams, there may be a change in the benthic community. Piles impact the substrate 
into which they are driven, depending on the size and spacing of the pilings these impacts 
may be significant. While permanent piles will be placed within the dewatered coffer 
dams, the temporary pile driving will occur in-water using vibratory and impact 
hammers, which can generate intense underwater sound pressure waves. These sound 
pressures have been linked to fish kills and internal fish injury. The primary effect of pile 
removal is the resuspension of sediments, which may result in increased turbidity levels, 
as well as release of contaminants contained within the pile and associated substrate. 



EFH Conclusion 

As described in the above effects analysis, NMFS has determined that the proposed 
action would adversely affect EFH for various federally managed fish species witliin the 
Coastal Pelagics and Pacific Groundfish FMPs. However, Chapters 5 and 2 of the 
proposed action contain adequate measures to avoid, minimize, mitigate, or otherwise 
offset the adverse effects to EFH. Additionally construction activities will adhere to all 
applicable laws, regulations, and Best Management Procedures (BMPs) - including, but 
not limited to, requirements mandated by the United States A m y  Corps of Engineers, 
California Coastal Commission, California Department of Fish and Game, Regional 
Water Quality Control Board and other appropriate regulatory agencies. Therefore, 
NMFS has no additional EFH Conservation Recommendations to provide. We thank you 
for your continued consultation. 

hlarine hlamnlal Protection Act Comnients 

The proposed action may result in effects to the following non Endangered Species Act- 
listed marine mammal species: Pacific harbor seal (Phoca vittifirra richardii) and the 
California sea lion (Zalophus califounianus). Sounds introduced into the sea by man- 
made devices could have a deteterious effect on marine mammals by causing stress or 
injury, interfering with communication and predatorlprey detection, and changing 
behavior. Acoustic exposure to loud sounds, may result in a temporary or pernlanent loss 
of hearing (termed a temporary or permanent threshold shift) depending upon the location 
of the marine mammal in relation to the source of the sound. NMFS is currently in the 
process of determining safety criteria (i.e., guidelines) for marine species exposed to 
underwater sound. However, pending adoption of these guidelines, we have 
preliminarily determined, based on past projects, coilsultations with experts, and 
published studies, that 180 dB re 1 pPaLvs (190 dB re 1 pPaRMS for pinnipeds) is the 
impulse sound pressure level that can be received by marine mammals without injury. 
Marine mammals have shown behavioral changes when exposed to impulse sound 
pressure levels of 160 dB re 1 @aRMs and when exposed to continuous sound levels of 
120re IpPaws. 

The principal mechanism of potential effects to marine mammals from the proposed 
project is exposure to underwater sound generated by pile driving and vessel traffic. 
The EISlEIR states that injuries to pinnipeds in the Cerritos Channel may occur up to and 
between 55 m (181 f?) to 95 m (312 ft) from the source of the pile driving. By providing 
attenuation from pile driving (i.e,, air bubble curtain), injuries to pinnipeds may be 
reduced to a distance of up to and between 20 m (66 ft) to 55 m (1 81 fi) from the source. 
Behavioral harassment to pinnipeds may occur up to and between 230 m (755 ft) to 1,000 
m (3,281 ft) from the source of the pile driving even with attenuation methods. In 
addition, the estimated distances from the pile driving source in the Dominguez 
Channel/Consolidated Slip may cause injuries to pinnipeds at 10 m (33 ft), if 
unattenuated or at 2 m (7 ft) using the air bubble curtain. Similar to the Cenitos Channel, 
behavioral harassment to pinnipeds may occur up to 1,000 m (3,28 1 ft) from the source 



of pile driving even with attenuation methods. The EIS/EIR also states that pinnipeds in 
the project area would be expected to either move away from or avoid the immediate 
vicinity until the pile driving stops. Avoidance is not considered a mitigation measure. 
While the estimated distances for potential impacts to marine mammals were addressed 
in the EIS/EIR, it is not clear what the sound pressure levels are at those distances. In 
addition, the sound generated in the Channels and Consolidated Slip from project 
activities could potentially impact a marine maminal's ability to transit through the area. 
Please provide minimization or mitigation measures to NMFS as they relate to transiting 
marine mammals through the project area. It is also not clear how the structure of the 
Cerritos Chaimel, for example, with a width of 183 m (600 ft), could potentially affect the 
zone of acoustic influence on marine mammals and the estimated distance measurements 
for injury and behavioral harassment reported in the EISIEIR. NMFS requests a map 
depicting the estimated sound pressure levels and associated distances, as they relate to 
injury and behavioral harassment within the Cerritos Channel and Dominguez 
ChannelIConsolidated Slip. 

Vessel traffic coming in and going out of the area (e.g., barges, tugs, work vessels) 
related to the proposed construction of the project would be transiting to and from 
offshore waters where California sea lion, Pacific harbor seal, and other marine mammals 
occur. Work vessels transiting to and from the project area could collide with marine 
mammals. Please describe the impact that vessel traffic may have on marine mammals 
and any applicable mitigation or minimization measures. Further, in the event of a 
watercraft collision with a marine mammal, officials must immediately contact the 
NMFS Stranding Coordinator, Mr. Joseph Cordaro at (562) 980-401 7. 

Seals and sea lions are protected under the MMPA. Under the MMPA, with the 
exception for military readiness, it is illegal to "take" a marine mammal without prior 
authorization from NMFS. "Take" is defined as harassing, hunting, capturing, or killing, 
or attempting to harass, hunt, capture, or kill any marine mammal. "Harassment" is 
defined as any act of pursuit, torment, or annoyance which has the potential to injure a 
marine mammal in the wild, or has the potential to disturb a marine mammal in the wild 
by causing disruption of behavioral patterns, including, but not limited to, migration, 
breathing, nursing, breeding, feeding, or sheltering. Based on the information provided 
in the EISIEIR, NMFS recommends applying for a pennit to take marine mammals under 
section 101 (a)(5) of the MMPA. 

NMFS would like to acknowledge the decision to use a biological monitor during 
construction activities in order to minimize the potential impacts of the project on marine 
mammals and we look forward to reviewing the marine mammal monitoring plan 
mentioned in the EIS/EIR. 



Thank you for consideration of our comments. Please contact Barak Shemai at 562-980- 
4044 or Barak.Shemai@noaa.nov if you have any questions related to our EFH 
comments. Please contact Monica DeAngefis at 562-980-3232 or 
Monica.DeA~xelis@!noaa.gov if you have any questions concerning our MMPA 
comments. 

Sincerely, 

,Le Robert S. Hoffinan 
Assistant Regional Administrator 

for Habitat Conservation Division 



UNITED STATES 
DEPARTMENT OF THE 

INTERIOR 

FISH AND WILDLIFE SERVICE 
OFFICE OF LAW ENFORCEMENT 

2800 COTTAGE WAY, ROOM W2928 
SACRAMENTO, CA 95825 

June 5,2009 

To Whom It May Concern: 

The Migratory Bird Treaty Act (MBTA) prohibits the taking of migratory birds except 
when specifically authorized by the Department of the Interior (1 6 USC 703). Most 
native songbirds, wading birds, waterfowl and birds of prey are protected under the 
MBTA, and the Government need not prove that a taking was intentional to substantiate a 
violation. Authorization by the Department of Interior would consist of a permit, and 
neither the MBTA nor its implementing regulations (50 CFR 21) provide for the issuance 
of permits authorizing the "incidental take" of migratory birds that may be killed or 
injured by otherwise lawful activities. 

The act of destroying active nests constructed by any protected migratory bird listed 
under 50 CFR 10.13 would constitute a violation of the MBTA; specifically, Title 16 
USC 703, which states, in part: it shall be unlawful at anytime, by any means or in any 
manner, to take any migratory bird, or any part, nest or egg thereof. Upon conviction, 
this violation may be punishable up to $15,000 andlor imprisonment for not more than 6 
months. 

Notwithstanding the MBTA, and other applicable laws (i.e. Endangered Species Act, 
Bald and Golden Eagle Protection Act), an individual may legally destroy (i.e. wash 
down, knock down) a nest if the nest is deemed inactive - such as when birds, eggs or 
fledglings are no longer present. However, please note that if an individual destroys a 
nest that was mistakenly deemed inactive, and in turn was active, regardless of intent, 
they may be found responsible under the provisions of the MBTA, as described above. 

Additional information may be conveniently researched under the U.S. Fish and Wildlife 
Service website http://www.fws.gov. 

Further inquiries regarding this matter may be directed to the U.S. Fish and Wildlife 
Service, Sacramento Office of Law Enforcement at (9 16)4 14-6660, or the Migratory Bird 
Permit Office for permit inquiries at (9 16)4 14-6600. 



United States Dep ent of the Interior 
FISH AND WILDLIFE SERVICE 

EcologicaI Services 
Carlsbad Fish and Wildlife OEce 

601 0 Hidden Valley Road, Suite 101 
Carlsbad, California 9201 1 

In Reply Refer To: 
FWS-LA-09B03 13-0910914 JUL 2 4 2009 

Karl Price 
Senior Environmental Planner 
California Department of Transportation 
District 7 
Environmental Planning 
100 South Main Street 
Los Angeles, California 900 12-3606 

Subject: Informal Section 7 Consultation for the Schuyler Heim Bridge Replacement and SR- 
47 Expressway Project, Alternative 1, Los Angeles County, California 

Dear Mr. Price: 

This document is in response to your letter dated May 21,2009, requesting our concurrence with 
your determination that the proposed Schuyler Heim Bridge Replacement and SR-47 Expressway 
Project is not likely to adversely affect the federally threatened western snowy plover 
(Charadrius alexandrinus nivosus) and the federally endangered brown pelican (Pelecanus 
occidentalis) and California least tern (Sternula (Sterna) antillarum browni) in accordance with 
section 7 of the Endangered Species Act of 1973 (Act), as amended (1 6 U.S.C. 153 1 et seq.). 
The project is receiving Federal funding through the Federal Highway Administration (FHWA), 
and Caltrans has assumed FHWAYs responsibilities under the Act for this consultation in 
accordance with Section 6005 of the Safe, Accountable, Flexible, Efficient Transportation Equity 
Act: A Legacy for Users (SAFETEA-LU) 2005, as described in the National Environmental 
Policy Act (NEPA) Delegation Pilot Program Memorandum of Understanding between FHWA 
and Caltrans (effective July 1,2007) and codified in 23USC327(a)(2)(A). We initiated 
consultation on the date we received your request and additional information was provided on the 
proposed project on July 23,2009. 

While the Natural Environmental Study for the proposed project includes several alternatives, 
consultation has been requested for Alternative 1. Implementation of Alternative 1 will result in 
the replacement of the Schuyler Heim Bridge in order to meet the state mandate that bridges must 
sustain a major earthquake without collapsing. The existing steel vertical lift bridge will be 
removed and replaced with a new fixed-span bridge. The project includes the construction of the 
proposed SR-47 Expressway located north of the Schuyler Heim Bridge and extending to 



Karl Price (FWS-LA-09B03 13-0910914) 2 

Alameda Street, at the intersection with Pacific Coast Highway, a distance of 2.7 kilometers (km) 
(1.5 miles [mi]). The four-lane, limited-access expressway eliminates at-grade rail crossings and 
signalized intersections along its length and includes a new bridge structure across the 
Consolidated Slip / Dominguez Channel near the Henry Ford Avenue Bridge. In addition, an 
Ocean Boulevard / SR-47 Flyover would be constructed on Terminal Island to divert traffic 
bound for northbound SR-47 directly onto the new bridge from eastbound Ocean Boulevard. 

Construction of the new bridge footings in the Cerritos Channel and Consolidated Slip / 
Dominguez Channel will require disturbance of channel bottom sediments that are contaminated 
with copper, lead, zinc, mercury, total dichloro-diphenyl-trichloroethane (DDT) compounds, total 
polychlorinated biphenyl (PCB) compounds, and polycyclic aromatic hydrocarbon (PAH) 
compounds which may adversely affect water quality in the channels for a few days. This may 
result in acute toxicity to invertebrates or fish but is not expected to result in chronic 
bioaccumulation or food-chain effects. In addition, bridge demolition may affect channel water 
quality through the release of lead compounds in the bridge's paint. 

Habitat within the Biological Study Area (BSA) for the proposed project is largely industrial and 
commercial, interspersed with bare ground and asphalt. A small amount of terrestrial vegetation 
is present comprising approximately 15 percent of the project site, and of this vegetated area 
approximately 7 percent is composed of native vegetation with the remainder consisting of non- 
native weeds and ornamental landscaping. The federally listed western snowy plover, brown 
pelican, and California least tern have been observed in or near the project impact areas utilizing 
the marine environment. These species are not expected to nest within the project impact area 
but may forage or rest in the area. 

In addition, a nesting pair of American peregrine falcons (Falco peregrinus anaturn) occupies the 
south tower of the Schuyler Heim Bridge. If these falcons are displaced by the project there is 
some potential that they may relocate closer to the breeding colony of Calfornia least terns at Pier 
T and begin foraging on the terns. However, this is unlikely given abundant other prey sources in 
the area and the presence of another pair of territorial American peregrine falcons at the Koch 
Carbon facility near Pier T. 

The following measures have been incorporated into the project design to avoid impacts to 
federally listed species: 

1) Best Management Practices will be utilized during construction to limit the spread of 
resuspended sediment. These may include cofferdams, blasting mats, silt curtains, and or 
turbidity curtains which would contain resuspended sediment onsite until it settles. 

2) Best Management Practices will be utilized during bridge demolition to limit the spread 
of lead paint. These may include the use of shrouds, nets or tarps suspended around 
working areas and below bridges, and use of barges and booms below bridges, and use of 
vacuum or suction shrouds on blast heads to capture grit and old paint. 



Karl Price (FWS-LA-09B03 13-09109 14) 3 

3) Preconstruction surveys of potential California least tern breeding sites (which may 
include any area of bare ground in the vicinity of the proposed project) will be conducted 
within 456 meters (m) (1,500 feet [ft]) of construction activities. If breeding special- 
status birds are present then construction activities within 456 meters (m) (1,500 feet [ft]) 
of the nest sites will be delayed until after the February to July breeding season. 

4) A new peregrine falcon nest site will be established for the resident pair of falcons in 
close proximity to the project area by placing a nesting box on a tower of the Badger 
Avenue Bridge or another elevated structure. The local peregrine falcon population will 
be monitored to determine whether the resident pair nests in the new nesting box. 

5) To avoid and minimize vehicle caused bird mortality, a fence will be incorporated on 
both sides of the new Schuyler Heim Bridge with a height of 4.27 m (14 ft). 

Because the above avoidance measures have been incorporated into the project, we concur with 
your determination that the proposed project is not likely to adversely affect the western snowy 
plover, brown pelican, and California least tern. Therefore, the interagency consultation 
requirements of section 7 of the Act have been satisfied. Although our concurrence ends 
informal consultation, obligations under section 7 of the Act shall be reconsidered if new 
information reveals effects of the agency action that may affect listed species or critical habitat in 
a manner or to an extent not previously considered or this action is subsequently modified in a 
manner that was not considered in this assessment. 

This document does not authorize take under the Migratory Bird Treaty Act of 191 8, as amended 
(16 U.S.C. $ 5  703-712) (MBTA). In order to avoid violation of the MBTA, Caltrans will avoid 
take of active nests, including an American peregrine falcon nest, by excluding all nests from the 
bridge structure prior to the nesting period. An onsite biological monitor will coordinate during 
construction activities in the nesting season to ensure that active nests are not taken. 

Thank you for your coordination on this project. If you have any questions regarding this letter, 
please contact Sally Brown of my staff at (760) 43 1-9440 x278. 

Sincerely, 

f Karen A. GoebeI ' Assistant Field Supervisor 



i 
California Regional Water Quality Control Board u I 

Los Angeles Region 
Arnold Schwarzeneggel 

I 
Linda S. Adams Recipient of the 2001 Environniental Leadersiiip Award from Keep California Beautiful 
Agency Secretary Governor I 

320 W. 4th Street, Suite 200, Los Angeles, California 90013 
Phone (213) 576-6600 FAX (213) 576-6640 - Internet Address: http:Nwww.waterboards.ca.govllosangeles 

Karl Price 
California Department of Transportation 
100 S. Main Street 
Los Angeles, CA 90012 

WATER QUALITY CERTIFICATION FOR PROPOSED SCHUYLER HEIM BRIDGE 1 
REPLACEMENT PROJECT (Corps' Project No. 2010-186-PHT), DOMINGUEZ 11 

CHANNEL, CITY OF LOS ANGELES, LOS ANGELES COUNTY (File No. 10-005) 
I 

Dear Mr. Price: 

Board staff has reviewed your request on behalf of California Department of Transportation 
(Applicant) for a Clean Water Act Section 401 Water Quality Certification for the above- 
referenced project. Your application was deemed complete July 14,2010 

I 

I hereby issue an order certifying that any discharge fiom the referenced project will comply with 
the applicable provisions of sections 301 (Effluent Limitations), 302 (Water Quality Related 
Effluent Limitations), 303 (Water Quality Standards and Implementation Plans), 306 (National 
Standards of Perfomance), and 307 (Toxic and Pretreatment Effluent Standards) of the Clean 
Water Act, and with other applicable requirements of State law. This discharge is also regulated 
under State Water Resources Control Board Order No. 2003 - 0017 - DWQ, "General Waste 
Discharge Requirements for Dredge and Fill Discharges that have received State Water Quality 
Certification" which requires compliance with all conditions of this Water Quality Certification. 

The Applicant shall be liable civilly for any violations of this Certification in accordance with the 
California Water Code. This Certification does not eliminate the Applicant's responsibility to 
comply with any other applicable laws, requirements andlor permits. , 

Should you have questions concerning this Certification action, please contact Dana Cole, 
Section 401 Program, at (21 3) 576-5733. 

Samuel ungerk V 

Interim Executive Officer 
Date 

\ I 

California Environmental Protection Agency 

e"d Recycled Paper 
Our mission is topreserve and enhance the quality of California's water resources for the beneJit ofpresent and future generations. 
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1. Applicant: Karl Price 
California Department of Transportation 
100 S. Main Street 
Los Angeles, CA 90012 

Phone: (213) 897-1839 Fax: (213) 897-0685 

2. Applicant's Agent: Lenny Malo 
URS Corporation 
2020 ~ast'First Street, Suite3400 
Santa Ana, CA 92705 

Phone: (714) 648-2762 Fax: (714) 433-7701 

3. Project Name: Schuyler Heim Bridge Replacement Project 

4. Project Location: Long BeachILos Angeles, Los Angeles County 

Latitude Longitude 

5. Type of Project: Bridge replacement 

6. Project Purpose: The proposed project (Project) will provide a seismically safe 1 
structural connection for vehicle traffic to Terminal Island that can 
sustain a major earthquake, as well as improve operational and 
safety design features that meet current design standards. 
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7. Project Description: The Project will replace the existing Schuyler Heim Bridge (Bridge) 
with a fixed-span bridge east of the existing bridge alignment. 
Currently the Bridge has substandard lane widths, bridge rails, and 
shoulder widths, or no shoulder. Standard lane widths can 
accommodate heavy trucks and larger vehicles, as well as a 
shoulder in each direction for disabled vehicles. 

A fixed-span bridge will replace the existing structure, and will 
eliminate the raising and lowering that impedes vehicular traffic. 
The estimated total temporary and permanent disturbance area 
associated is approximately 92 acres, which includes the permanent 
disturbance footprint as well as a 250-foot buffer to accommodate 
temporary structures (trestles, piers, lay down areas, and access and 
egress routes). 

Construction of the Project is expected to take approximately two to 
three years with multiple crews working over the course of a two- 
shift workday. The construction schedule for replacement of the 
Schuyler Heim Bridge involves demolition, grading or excavation, 
foundation and bridge abutment and column construction, and 
bridge construction. 

The proposed fixed-span structure will be approximately 4,800 feet 
long and with an average width of 120 feet. The proposed bridge is 
43 feet wider than the existing lift bridge due to a new southbound 
auxiliary lane, standard 12-foot wide lanes, and standard Caltrans 
shoulders. In the northbound direction, the replacement bridge will 
include three 12-foot wide through traffic lanes, 10-foot shoulders. 
In the southbound direction, the replacement bridge will include 
three 12-foot wide traffic lanes, one 12-foot auxiliary lane, and 10- 
foot shoulders. The proposed alignment for the new fixed-span 
bridge is located primarily withn, and partially east of the existing 
bridge's right-of-way. 

The footprint of the proposed fixed-span bridge is located east of 
the existing bridge footprint to avoid impacts to the Alarneda 
Corridor Transportation Authority tracks - located on the Badger 
Bridge immediately west of the existing Schuyler Heim Bridge, and 
to accommodate construction sequencing and maintain traffic flows 
during Project construction and demolition activities. 

The vertical clearance of the proposed fixed-span bridge will be 47 
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feet over the Cerritos Channel mean high water line of 4.7 feet. This 
profile will accommodate a 45-foot fireboat. The width of the 
navigable channel (distance between bridge-support columns and 
fenders) will be 180 feet, the same as the existing width. The bridge 
replacement will retain access to a southbound off-ramp and 
northbound on-ramp at New Dock Street on Terminal Island, as 
well as a northbound off-ramp and southbound on-ramp at Henry 
~ o r d  Avenue on the mainland (north) side of the bridge. The New 
Dock Street southbound off-ramp will be elevated to clear the 
existing industry tracks that join the Badger Bridge rail alignment 
from east of State Route (SR)-47. The new alignment of the off- 
ramp will eliminate one of the two at-grade rail crossings at SR-47 - 
and New Dock Street. New Dock Street will be realigned to 
accommodate the realigned on-ramp and off-ramp. 

Construction of the Project will require temporary structures, or 
"falsework" that will be built to support the new bridge and then be 
removed once construction is complete. The falsework required to 
construct the new bridge within the channel will temporarily restrict 
the available horizontal clearance and the vertical clearance to 13- 
foot wide openings required for U.S. Coast Guard emergency and 
security vessels. The Cerritos Channel clearance restrictions are 
projected for a period of 12 to 24 months during construction of the 
eastern deck sections of the new bridge, demolition of the existing 
steel lift bridge and construction of the western deck sections of the 
new bridge. The channel will be closed completely to large marine 
vessels for a period of approximately one year to erect the new 
bridge and remove the mid-span truss of the old lift bridge. With 
the exception of these periods of restriction and closure, the channel 
will be open for navigation during bridge construction. 

The Project involves utilizing shafts that are cast-in-drilled-hole 
(CIDH) over land and cast-in-steel-shell (CISS) in the water . 
depending on soil conditions. Most of the shafts will be of CIDH 
construction, as CIDH shafts can carry vertical and lateral loads 
through the deep, liquefiable soil layers. Also, the CIDH shafts do 
not require footings and, therefore, minimize right-of-way takes and 
utility relocations and have less effect ,on biological resources 
compared to the CISS shafts. The CISS shafts which require 
footings will be constructed where soil conditions require additional 
support. 
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The Project will demolish the existing Schuyler Heim Bridge by 
first removing the lift span and then removing the remaining steel 
structure. The first phase constructs the easterly portion of the new 
fixed-span bridge east of the existing bridge. Once built, traffic 
fiom the existing bridge approaches will be routed onto the recently 
constructed bridge. In the second phase, the existing Schuyler Heim 
Bridge will be demolished. The final phase constructs the westerly 
portion of the new fixed-span bridge over the footprint of the 
recently demolished bridge. 

The eastern side of the new fixed-span bridge will be constructed 
east of the existing lift bridge. The south ends of the new bridge 
approach will connect to Ocean Boulevard. On the north, the new 
bridge will connect to the existing SR-103 and Henry Ford Avenue. 
The connection to Ocean Boulevard and SR-103 are expected to 
occur at night without closing the SR-47 to traffic. Traffic on the 
existing bridge will be diverted to the eastern side of the new 
bridge, and the existing bridge will be demolished. 

Construction of the portion of the new bridge that is directly over 
the Cerritos Channel will require access fi-om both sides of the 
channel. Pier S and Pier A West will serve as local construction 
staging and materials storage areas. The contractor will either 
employ material delivery and crane work with the use of barges, or I 

temporary trestles. The temporary pier would be required to dock 
the construction barges that supply construction materials, 
falsework, equipment and workers fi-om the Pier S staging area. 

If multiple barges are used a temporary pier composed of individual 
concrete column footings spaced every 20 feet, timber posts, cross 
tie beams and a wooden deck would be constructed from Pier S. 
The temporary pier will extend approximately 150 feet beyond the 
Pier S channel embankment to allow barges to dock. The temporary 
pier would be approximately 40 feet wide to accommodate a haul 
truck or fiont loader. The temporary pier would also be utilized in 
constructing the eastern half of the new bridge, demolishing of the 
existing Schuyler Heim Bridge and constructing the western half of 
the new bridge. Upon completion of this work, the temporary pier 
would be completely removed from the channel. The pier will have 
an estimated temporary in-channel impact of 0.0023 acres, based on 
26 column footings that are approximately f o b  feet square each. 
Barge access to the contractor's construction staging area within 
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Pier A West will not require a temporary pier be erected in the 
Cerritos Channel. Due to the amount of goods movement activity 
on Pier A East and the fully developed Anchorage marina, 
construction materials, falsework, equipment and workers from Pier 
will be transported to an existing barge dock on the northern shore 
of the Dominguez Channel, west of Henry Ford Avenue. As result, 
the construction barges will travel about a mile southwest on the 
Dominguez Channel before intersecting the Cerritos Channel and 
traveling east to access the construction site. 

The contractor could also elect to build a temporary trestle bridge to 
construct the Project. This approach would require a timber trestle 
erected on concrete column footings, or short steel driven piles 
spaced every 20 feet to span the entire channel. The temporary 
structure would be placed just east of the eastern half of the new 
bridge to load and unload construction materials, falsework, 
equipment and workers fkom the Pier A and Pier S construction 
staging areas. The temporary structure would be approximately 780 
feet long and 40 feet wide. The trestle bridge will have a temporary 
in-channel impact of 0.01 10 acres, based on 120 column footings 
that are approximately four feet square each. 

Openings within the temporary trestle to accommodate U.S. Coast 
Guard emergency and security vessels will be provided by the 
contractor. Once the eastern half of the new bridge is completed, the 
temporary trestle would be removed. After demolition of the 
existing Schuyler Heim Bridge, another temporary trestle would be 
constructed just west of the second half of the new bridge to supply 
construction materials, falsework, also be approximately 780 feet 
long and 40 feet wide. Once the western half of the new bridge is 
completed, the temporary trestle would be removed. The trestle 
bridge will have a temporary in-channel impact of 0.0110 acres, 
based on 120 column footings that are approximately four square 
feet each. 

The new eastern half of the bridge will require the contractor to 
install two footings at each of the four bents within the Cerritos 
Channel for a total of eight CISS piles. After demolition of the 
existing Schuyler Heim Bridge, the contractor will install the 
remaining eight piers for a grand total of 16 CISS piles constructed 
within the Cerritos Channel. All CISS piles withn the channel that 
support the new Schuyler Heim Bridge have a 12-foot diameter. 
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Drilling for the 16 CIS S piles will produce 2,513 cubic yards of 
excavated material to be removed fi-om the channel, and the same 
volume of concrete and steel reinforcing bars will be placed into the 
channel to permanently fill the drilled CISS piles. 

In order to provide a dry workspace to join the bridge's columns to 
the steel reinforcing bars in the CISS piles, the contractor will I 

construct a watertight coffer dam at each bent. Dewatering will I 

occur once steel piles along with interlocking corrugated metal 
sheets are driven around the bridge bents to form a dry workspace. 
Water removed from the dams will be analyzed to identify if it is ~ 
contaminated, classified, and treated if required before it is disposed 
in the approved manner. The area within the coffer dam will be 

i 
utilized to construct the bridge's CISS piles and later the bridge 
columns. Four coffer dams, each 90 feet long and 40 feet wide, will 
be utilized to construct the eastern section of the new bridge's 
footings. Construction materials, equipment, and laborers will be 
supplied by barge or trestle. 

, All excavated material will be analyzed to identify if it is 1 
contaminated, and will either be used for fill in upland areas within 
Project limits or transported to a legal point of disposal. Once the 
first half of the bridge's columns has been constructed, the coffer 

1 
dams will be removed. After the existing bridge has been 1 

I 
demolished, the next four coffer dams will be erected to construct I 

the second set of CISS piers and bridge columns. The four 
additional coffer dams will be removed after the new bridge's 
columns have been completed. The eight coffer dams will have a I 

temporary in-channel impact 5.7 acres. 

Falsework for the new Schuyler Heim Bridge will require driven 
steel pipe columns, 23.6 inches in diameter, to be installed at 20 
feet center-to-center spacing for additional temporary support. The 
driven steel pipe columns will have a temporary impact of 0.127 
acres, based on 440 driven steel pipes. Once the steel pipes are in 
place, wooden timber posts with cross-bracing lumber ties will 
support structural steel "I" beams to form a temporary heavy timber 
deck. The temporary deck will be employed for constructing the 
cast-in-place and post tensioned girders as well as the final concrete 
deck between spans. During erection and dismantling of the bridge 
falsework, marine traffic will not be allowed to pass. 
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During the anticipated two- to three-year construction period, 
marine traffic in Cerritos Channel will be limited, as temporary 
navigation openings will be a maximum 75 feet wide and 43 feet 
high. In addition, the channel could be closed for periods up to 30 
days for falsework erection, girder casting, lift bridge span 
demolition and falsework dismantling. During periods when the 
channel will be open, marine traffic would be directed through 
temporary openings. 

Bridge construction will occur in phases. The construction schedule 
balances speed of construction with maintaining traffic on SR-47 
and also minimizes bridge closures during construction. During 
construction, security fencing will be installed; followed by rough 
grading. Grading will occur on the north and south sides of the 
Cerritos Channel within the right-of-way to build the access ramps 
and approaches for the new hgher bridge. It is expected that cut and 
fill will be balanced for this activity. The grading phase is estimated 
to require approximately one month to complete. 

Pile casting will be completed after the column's reinforcing steel 
bar cages have been installed, the vertical column forms have been 
erected, and the structural concrete has been poured. Concrete will 
be brought on site in ready-mix trucks and pumped into the forms. 
After the specified curing period, the column forms will be 
removed. The columns will be spaced approximately 154 feet to 
246 feet apart to support the fixed-span bridge. Each column will be 
approximately seven to nine feet in diameter. This phase will 
require an estimated 24 months to complete. A total of 120 columns 
will be installed and will have a permanent impact of 0.078 acres. 

The existing fender piles (a mooring structure designed to absorb 
the impact energy of berthing vessels that avoids damage to the " 

vessel or pier structure) in the channel will be pulled out with a 
crane. A total of 144 fender piles will be removed, each having a 
diameter of 1.2 feet for a total area of 0.0013 acres. A pile-driver 
will be used to install the new fender piles in the channel. The 
fender piles for this Project will be approximately 24-inches in 
diameter, and approximately 80 piles will be required. The 
permanent impact of new fender piles is estimated to be 0.018 
acres. Fender piles are likely to be driven with a hydraulic impact 
hammer, with total energy per strike up to 370,000 foot-pounds of 
force. During this period, actual striking time is approximately 45 
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minutes, with a strike occurring between every one to two seconds, 
excluding adjustments or to check the pile tip elevation. A total of 
approximately 1,350 to 1,800 strikes or more may be required to 
drive each pile for duration of approximately 2 hours. 

After column installation is complete in the channel, wood forms 
supported by steel and wood falsework will be erected at each pair 
of columns. During this phase, warning signs and night lighting will 
be utilized on the falsework as necessary to alert marine traffic of 
the presence of construction structures. This phase will require an 
estimated 17 months to complete. 

When the falsework for the approach span is completed, installation 
will begin by constructing the bridge support structure with steel 
and reinforced concrete. Overhead bridge deck forms will be 
placed, and concrete will be poured and cured. The forms will be 
removed as the final step. This phase will require an estimated 13 
months to complete. 

With a substantial portion of the falsework in place, installation of 
the main-span superstructure will begin. This will consist of 
connecting pairs of columns, and subsequently the bridge support 
structure. Overhead forms will be installed around each section of 
the superstructure. Concrete will be poured, cured, and forms will 
be removed. This phase will complete of the structural section of 
the main span. This phase will require an estimated 25 months to 
complete. 

The existing bridge superstructure and piers will also need to be 
removed. The pile caps will remain, except for a small portion of 
the existing main-span footing, which will be removed to allow 
placement of several CISS piles in the channel. The existing pile 
caps, footings, and piles will be cut two feet below the channel 
invert (per a 2005 agreement with the U.S. Coast Guard), and the 
hard-bottom substrate will revert back to native earth bottom. Prior 
to existing substructure removal, four coffer dams will be erected to 
provide dry workspaces. The two coffer dam in the center of the 
channel will be approximately 140 feet in length while the outside 
coffer dams by the shore will be 80 feet in width and the other two 
will be approximately 140 feet in length and 51 feet in width. The 
four coffer dams will have a temporary in-channel impact of 0.488 
acres. If the bridge is not sold for reuse in an alternate location, the 
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port will leave the existing bridge pile caps in place, provided they 
are cut off and appropriately marked. The superstructure will be 
sent to a scrap metal exporting terminal. While there is no steel 
recycling mill operating in the Port of Long Beach (POLB) or Port 
of Los Angeles (POLA), there are several scrap metal exporting 
terminals at both ports. Because lead paint is likely to be 
encountered on the old superstructure, special measures will be 
employed during demolition to prevent lead contamination. A lead- 
based paint and asbestos survey will be conducted. If lead or 
asbestos were encountered at levels higher than the mandated 
thresholds, these materials will be removed from the steel for 
disposal prior to recycling. This demolition phase will require an 
estimated 17 months to complete. 

Once the approach and main-span decks have been completed, 
construction of the deck barriers and joints will begin. The deck 
barriers will consist of forms and reinforced concrete to provide 
vehicle protection along both the outside portions of the structure 
and the center divider. Joints will consist of forms and reinforced 
concrete to tie together each segment of the bridge and expressway 
structure, and allow for expansion and contraction of the road 
surface. This phase will require an estimated 18 months to 
complete. 

At the close of construction, the bridge surface will be striped for 
the prescribed number of traffic lanes, lighting fixtures and signage 
will be installed, and a fence will be incorporated on both sides of 
the new bridge with a height of 14 feet. This phase will require an 
estimated 12 months to complete. Overall, the Project will have a 
temporary in channel impact of 6.'36 acres. Although the Project 
will require the permanent placement of 0.02 acres of CISS piles 
within the Cerritos Channel, the Project will remove 0.49 acres of 
existing piles and footings which will result in a net gain in open 
water habitat of 0.47 acres. 

Dewatering activities will include coffer dams or similar structures 
within the Cerritos Channel. Barge mounted vibratory pile drivers 
will be used to vibrate sheet piles for the coffer dams into the 
ground. The coffer dams will be equipped with pumps for 
dewatering. Water that enters the coffer dams will be removed by 
pump and placed in a baker storage tank for testing and treatment. 
Pumped water will be allowed to settle in the baker tanks. If foreign 
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material enters the water it will be disposed of according the 
requirements of the Clean Water Act Section 402 National 
Pollution Discharge Elimination System Permit, Industrial Water 
Permit, or taken to a legal point of disposal. Clean water will be 
returned to the Cerritos Channel. 

Sediments from the baker tanks will be placed on a barge and taken 
to shore for processing or to a legal point of disposal. Water will 
remain flowing during construction around the coffer dams withn 
the Cerritos Channel. The coffer dams will be removed using the 
barge mounted vibratory pile drivers upon completion of 
construction. 

The Project will not disrupt the tidally influenced hydrological 
regime within the Cerritos Channel. The channel will maintain its 
tidally-influenced hydrologic regime during Project construction to 
avoid or minimize adverse impacts to fish or other biological 
resources and localized water chemistry. 

I 
\ 

8. Federal ~ ~ & c ~ l ~ e r n i t :  U. S. Army Corps of Engineers 
NWP No. 14 Linear Transportation Projects (Permit No. 2010-1 86- 
PHT) 

1 

9. Other Required California Coastal Commission 
Regulatory Approvals: Coastal Development Permit 

10. California The California Department of Transportation approved the Project's 
Environmental Quality Final Environmental Impact Report (FHWA-CA-EIS-2007-07-OlF, 
Act Compliance: State Clearinghouse (SCH) No. 2002021009) on May 12, 2009. A 

notice of Determination was filed with the SCH on August 17, 
2009. 

A Final Environmental Impact Statement 1 Environmental Impact 
Report (FEISIFEIR) was prepared for the Schuyler Heim Bridge 
Replacement and SR-47 Expressway Project (Caltrans 2009). The 
FEISIFEIR identified six proposed project alternatives. Alternative 
1 (Bridge Replacement and SR-47 Expressway) was selected as the 
preferred alternative. Alternative 1 combined the Schuyler Heim 
Bridge Replacement Project and the Alameda Corridor Expressway 
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1 1. Receiving Water: 

12. Designated Beneficial 
Uses: 

13. Impacted Waters of the 
United States: 

14. Dredge Volume: 

15. Related Projects 
Implementedlto be 
Implemented by the 
Applicant: 

Project to create a grade-separated expressway that will be a high- 
capacity alternate route between Terminal Island and Alameda 
Street at Pacific Coast Highway. This alternative involved 
replacement of the Schuyler Heim Bridge; construction of a limited- 
access expressway that begins at Ocean Boulevard, crosses the 
Cerritos Channel, and extends northward for a distance of 
approximately 1.7 miles; and construction of the proposed 5,084 
feet flyover (a connector ramp from the eastbound Ocean Blvd 
which is planned as a later phase of the project around the year of 
2020.) 

Alternative 1 could not be completely fimded at this time. As a 
consequence, only a portion of Alternative 1, construction of a 
replacement Schuyler Heim Bridge and demolition of the existing 
bridge, will be completed at t h s  time by Caltrans. The Project does 
not include adverse impacts to common or special status species or 
other biological resources associated with the construction of the 
SR-47 Expressway Project. 

- 
Receiving water from Dominguez Channel Hydrologic Unit No. 
405.12) 

MUN*, REC- 1, REC-2, WARM, WILD, RARE 

"Conditional beneficial use 

Ocean/Estuary/Bay: 6.36 temporary and 0.1 16 permanent acres 

None 

Two projects are to be completed withn the next 5 years that are 
related to the Schuyler Heim Bridge Replacement Project and 
include: SR-47 Expressway and the Ocean Boulevard Connector 
Ramp. Neither of these projects will impact the Cerritos Channel. 
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1 6. Avoidance1 
Minimization 
Activities: 

The Applicant has proposed to implement Best Management 
Practices, including, but not limited to, the following: 

Preconstruction surveys of potential California least tern 
breeding sites (which may include any area of bare ground in the 
vicinity of the Project) will be conducted within 1,500 feet of 
construction activities. 

If breeding special status birds are present, then construction 
activities within 1,500 feet of the nest sites will be delayed until 
after the February to July breeding season. 

A new peregrine falcon nest site will be established for the 
resident pair of falcons in close proximity to the Project by 
placing a nesting box on, a tower of the Badger Avenue Bridge 
or another elevated locale. 

The local peregrine falcon population will be monitored to 
determine whether the resident pair nests in the new nesting box. 

A falcon relocation plan, detailing the relocation means and 
methods will be approved by the resource agencies and 
implemented prior to Project construction. 

To avoid or minimize vehicle caused bird mortality, a fence will 
be incorporated on both sides of the new Schuyler Heim Bridge 
with a height of 14 feet. 

Limiting the area of Project activities 

Pile driving volume will be developed as well by use of a 
contained air bubble curtain on larger pile installations and 
dewatering casings for smaller piles. 

Performance criteria for sound attenuation will be developed to 
achieve maximum practicable reductions in underwater sound 
levels. 

A hydro-acoustic monitoring plan will be developed and 
submitted to this Regional Board before work begins, and will 
include appropriate sampling point locations, frequency, and 
methods to be implemented during pile driving. 
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, The results of the hydro-acoustic monitoring will be analyzed as 
occurring to identify appropriate safety isopleths and monitoring 
zones for sensitive biological resources. 

Channel bank work will include bank protection (riprap, concrete 
walls) to eliminate the possibility of enhanced bank erosion. 

Sediment suspension will be minimized by adherence to the 
CIDH, CISS, or similar material designed for all in-water piles 
(the outer shell will act as a coffer dam during construction and 
contain suspended sediment onsite until removed prior to 
concrete pile installation). 

Cofferdams and sand blasting mats will be used during sand 
blasting operations. 

The contractor will construct a watertight coffer dam at each 
bent. Dewatering will occur once steel piles along with 
interlocking corrugated metal sheets are driven around the bridge 
bents to form a dry workspace. 

Water removed fi-om the coffer dams will be analyzed to identify 
if it is contaminated, classified, and treated if required before it is 
disposed of to a legal point of disposal. 

Nets and tarps will be suspended below bridges to catch debris 
ffom removal of old paint where wind conditions permit. 

Vacuum or suction shrouds will be used on blast heads to capture 
grit and old paint. 

Booms will be used to 'capture fugitive floating paint chips and 
debris. 

Perform lead-based paint removal. 

Turbidity curtains that are constructed of a permeable material 
allowing water to flow through the membrane while trapping 
suspended sediment will be used. 

Use of these permeable membranes allows the barrier to extend 
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fi-om the water surface to the bottom, providing effective 
containment and filtering of suspended sediments. 

Tires on construction equipment will be washed before the 
I 

equipment enters and leaves the Project. 
~ 

Construction equipment will be cleaned as necessary to minimize 
the volume of decontamination wash water and prevent transport 
of contaminants fi-om the Project. 

Designated locations will be provided for servicing, washing, 
and refueling equipment, away fiom. temporary channels or 
swales that will quickly convey runoff to the drainage system 
and into the Cerritos Channel. 

Hazardous material will be kept at a safe fkom an entry into a 
receiving water body. 

Temporary barriers and containers will be used to confine any 
contaminated materials. 

Upon completion of construction, all contaminated material on 
the proposed project will be removed and disposed of in 
accordance with federal, regional, and local regulations. 

A temporary spill containment system will be installed and 
maintained within Project limits during construction. 

Entrances and exits will be stabilized. 

non-paved surfaces will be wetted, 

Paved surfaces will be swept and vacuumed. 

Silt fences at the toe of excavation and embankment slopes will 
be installed. 

Sand or gravel bag berms along the top of slopes will be 
installed. 

Slope protection and erosion control blankets will be installed 



ATTACHMENT A 

Project Information 
File No. 10-005 

Storm drain inlets will be protected by gravel sand bag berms. 

Monitor and report BMP performance and conditions before and 
immediately after the completion of work, in accordance with 
S WPPP specifications. 

Before the first week of work water quality testing will be 
conducted to establish a baseline for monitoring purposes in 
order to establish compliance. Analyses must be performed using 
approved US Environmental Protection Agency methods, where 
applicable. Monitoring will be required for: 

- pH 
- temperature 
- dissolved oxygen 
- turbidity 
- total suspended solids 

The plan describing the monitoring above shall be submitted 
prior to any project work as described herein for approval by this 
Regional Board. 

After a water quality baseline is established, testing will occur 
only when the bottom is impacted, or when heavy machinery is 
operating in the water. 

If impacts to :water quality are detected, these constituents shall 
be measured on a daily basis during the first week of detection 
and then on a weekly basis thereafter until the detection ceases. 

Results of the analyses shall be submitted to this Regional Board 
by the 15th day of each subsequent sampling month. A map or 
drawing indicating the locations of sampling points shall be 
included with each submittal. Activities shall not result in the 
degradation of beneficial uses or exceedance of water quality 
objectives of the receiving waters. Any such violations may 
result in corrective and/or enforcement actions, including 

d 

increased monitoring and sample collection. 

No testing will be required for hand work or above-water work 
items such as assembling the bridge or using tools, installing 
pipes, pulling wires, or similar hand work if the work does not 
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cause watkr quality impacts. 

The contractor and Caltrans will monitor for turbidity plumes, 
hydrocarbons, floating debris, or heavy items which fall in the 
water. If there are any visual or monitoring indications during the 
out of water work portion of the project, then testing will be 
implemented to determine the water quality impact. 

Additionally, the Contractor will: 

- Deploy hydrocarbon and trash booms as required by the 
permit conditions and the Engineer's specifications. 

- Recover all the items which fall into the water including 
those that require a diver to retrieve. 

None 

The Applicant shall restore 6.26 acres of temporary impacts, and 
provide 0.348 acres of mitigation (3:l) for permanent impacts to 
OceanlEstuary/Bay waters of the U.S. See Attachment B, 
Conditions . of Certzfications, Additional Conditions for 
modifications and additions to the above proposed compensatory 
mitigation. 
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STANDARD CONDITIONS 

Pursuant to $3860 of Title 23 of the California Code of Regulations (23 CCR), the following 
three standard conditions shall apply to this project: 

1. This Certification action is subject to modification or revocation upon administrative or 
judicial review, including review and amendment pursuant to $13330 of the California 
Water Code and Article 6 (commencing with 23 CCR $3867). 

2. This Certification action is not intended and shall not be construed to apply to any activity 
involving a hydroelectric facility and requiring a Federal Energy Regulatory Commission 
(FERC) license or an amendment to a FERC license unless the pertinent Certification 
application was filed pursuant to 23 CCR Subsection 3855(b) and the application 
specifically identified that a FERC license or amendment to a FERC license for a 
hydroelectric facility was being sought. 

3. Certification is conditioned upon total payment of any fee required pursuant to 23 CCR 
Chapter 28 and owed by the Applicant. 

ADDITIONAL CONDITIONS 
I 

Pursuant to 23 CCR $3859(a), the Applicant shall comply with the following additional 
conditions: 

1. The Applicant shall submit to this Regional Board copies of any other final permits and 
agreements required for this project, including, but not limited to, the U.S. Army Corps of 
Engineers' (ACOE) Section 404 Permit and the California Coastal Commission (CCC) 
Coastal Development Permit. These documents shall be submitted prior to any 
discharge to waters of the State. 

2. The Applicant shall adhere to the most stringent conditions indicated with either this 
Certification, the CCC's Coastal Development Permit, or the ACOE Section 404 Permit. 

3. The Applicant shall comply with all water quality objectives, prohibitions, and policies set 
forth in the Water Quality Control Plan, Los Angeles Region (1994), as amended. 

4. The Avoidance/Minimization activities proposed by the Applicant as described in 
Attachment A, No. 16, are incorporated as additional conditions herein. 

5. The Applicant and all contractors employed by the Applicant shall have copies of this 
Certification, the approved Design Drawings, Plans and Speczfications as submitted with 
the 401 Application (January 13, 2010) and all other regulatory approvals for t h s  project on 
site at all times and shall be familiar with all conditions set forth. 
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6. Fueling, lubrication, maintenance, operation, and storage of vehicles and equipment shall 
not result in a discharge or a threatened discharge to waters of the State. At no time shall the 
Applicant use any vehicle or equipment which leaks any substance that may impact water 
quality. Staging and storage areas for vehicles and equipment shall be located outside of 
waters of the State. 

7. All excavation, construction, or maintenance activities shall follow best management 
practices to minimize impacts to water quality and beneficial uses. Dust control activities 
shall be conducted in such a manner that will not produce downstream runoff. 

8. No construction material, spoils, debris, or any other substances associated with this project 
that may adversely impact water quality standards, shall be located in a manner which may 
result in a discharge or a threatened discharge to waters of the State. Designated spoil and 
waste areas shall be visually marked prior to any excavation and/or construction activity, 
and storage of the materials shall be confined to these areas. 

9. All waste andlor dredged material removed shall be relocated to a legal point of disposal if 
applicable. A legal point of disposal is defined as one for which Waste Discharge 
Requirements have been established by a California Regional Water Quality Control Board, 
and is in full compliance therewith. Please contact Rodney Nelson, Land Disposal Unit, at 
(2 13) 620-6 1 1 9 for further information. 

10. The Applicant shall implement all necessary control measures to prevent the degradation of 
water quality from the proposed project in order to maintain compliance with the Basin Plan. 
The discharge shall meet all effluent limitations and toxic and effluent standards established 
to comply with the applicable water quality standards and other appropriate requirements, 
including the provisions of Sections 301, 302, 303, 306, and 307 of the Clean Water Act. 
This Certification does not authorize the discharge by the applicant for any other activity 
than specifically described in the 404 Permit. 

1 1. The discharge shall not: a) degrade surface water communities and populations including 
vertebrate, invertebrate, and plant species; b) promote the breeding of mosquitoes, gnats, 
black flies, midges, or other pests; c) alter the color, create visual contrast with the natural 
appearance, nor cause aesthetically undesirable discoloration of the receiving waters; d) 
cause formation of sludge deposits; or e) adversely affect any designated beneficial uses. 

12. The Applicant shall allow the Regional Board and its authorized representative entry to the 
premises, including all mitigation sites, to inspect and undertake any activity to determine 
compliance with this Certification, or as otherwise authorized by the California Water Code. 
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13. The Applicant shall not conduct any construction activities within waters of the State during 
a rainfall event. The Applicant shall maintain a five-day (5-day) clear weather forecast 
before conducting any operations within waters of the State. 

14. If rain is predicted after operations have begun, grading activities must cease immediately 
and the site must be stabilized to prevent impacts to water quality, and minimize erosion and 
runoff from the site. 

15. Sediment removal at each phase shall not go beyond the extent as defined in the application 
packet. 

16. The grading, stabilization and re-vegetation will be phased to limit the exposed or working 
face such that the graded area can be stabilized within 24 hours after the first prediction of 
rain during the 5-day forecast or within 24 hours after final grading of the phased area. 

17. No activities shall involve wet excavations (i.e., no excavations shall occur below the 
seasonal high water table). A minimum 5-foot buffer zone shall be maintained above the 
existing groundwater level. If construction or groundwater dewatering is proposed or 
anticipated, the Applicant shall file a Report of Waste Discharge to this Regional Board 
and obtain any necessary NPDES permits1Waste Discharge Requirements prior to 
discharging waste. Sufficient time should be allowed to obtain any such permits (generally 
180 days). If groundwater is encountered without the benefit of appropriate permits, the 
Applicant shall cease all activities in the areas where groundwater is present, file a Report of 
Waste Discharge to this Regional Board, and obtain any necessary permits prior to 
discharging waste. 

18. All project or construction activities not included in this Certification, and which may 
require a permit, must be reported to the Regional Board for appropriate permitting. Bank 
stabilization and grading, as well as any other ground disturbances, are subject to restoration 
and revegetation requirements, and may require additional Certification action. 

19. The Applicant shall restore the proposed 6.36 acres of TEMPORARY IMPACTS to waters 
of the United States and all other areas of temporary disturbance which could result in a 
discharge or a threatened discharge to waters of the State. Restoration shall include grading 
of disturbed areas to pre-project contours. The Applicant shall implement all necessary Best 
Management Practices to control erosion and runoff fiom areas associated with this project. 

20. The Applicant shall also provide Compensatory Mitigation for the proposed permanent 
impacts to 0.116 acres of OceadEstuaryIBay waters of the United StatedFederal 
jurisdictional wetlands by creating or restoring riparian habitatIFedera1 jurisdictional 
wetland habitat at a minimum 3:l  area replacement ratio (0.348 acres). 
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21. If the Applicant proposes funding or a combination of funding and onsite mitigation to a 
third-party organization for habitat within waters of the United StatedFederal jurisdictional 
wetlands, then funding shall apply to mitigation acreage only, exclusive of administrative 
costs. The mitigation site shall be located within the Dominguez Channel Watershed unless 
otherwise approved by this Regional Board. The Applicant shall submit a Proposed 
Mitigation Report which shall include: 

(a) Documentation fiom the third party indicating that funds have been used for mitigation 
acreage only, which do not include administrative costs. 

(b) The boundary of the mitigation site shall be clearly identified on a map of suitable 
resolution and quality and shall also be defined by latitude and longitude. 

(c) The type(s) of mitigation shall be described (e.g., removal of exotics and/or replanting 
with native species, etc.) 

(d) Success criteria shall be established. 

This information shall be submitted to this Regional Board for approval before project 
completion and shall include copies of all agreements made between the Applicant and a 
third party organization regarding compensatory mitigation efforts. 

22. All open space and mitigation areas shall be placed within a conservation easement to 
ensure preservation in perpetuity. Documentation of proper easement placement shall be 
submitted to the Regional Board within one year. 

The Applicant shall submit to this Regional Board Annual Mitigation Monitoring Reports 
(Annual Reports) by January lSt of each year for a minimum period of five (5) years 
following this issuance of 401 Certification or until mitigation has been achieved and 
documented. The Annual Reports shall describe in detail all of the project/construction 
activities performed during the previous year and all restoration and mitigation efforts; 
including percent survival by plant species and percent cover. The Annual Reports shall 
describe the status of other agreements (e.g., mitigation banking) or any delays in the 
mitigation process. At a minimum the Annual Reports shall include the following 
documentation and answered appropriately whether or not mitigation has been performed: 

(e) Color photo documentation of the pre- and post-project and mitigation site conditions; 

(f) Geographical Positioning System (GPS) coordinates in decimal-degrees format 
outlining the boundary of the project and mitigation areas; 

(g) The overall status of project including a detailed schedule of work; 

(h) Copies of all permits revised as required in Additional Condition 1; 
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(i) Water quality monitoring results for each reach (as required) compiled in an easy to 
interpret format; 

(j) A certified Statement of "no net loss" of wetlands associated with this project; 

(k) Discussion of any monitoring activities and exotic plant control efforts; and 

(1) A certified Statement from the permittee or hisher representative that all conditions of 
this Certification have been met. 

24. All applications, reports, or information submitted to the Regional Board shall be signed: 

(a) For corporations, by a principal executive officer at least of the level of vice president or 
his duly authorized representative, if such representative is responsible for the overall 
operation of the facility from which discharge originates. 

(b) For a partnership, by a general partner. 

(c) For a sole proprietorship, by the proprietor. 

(d) For a municipal, State, or other public facility, by either a principal executive officer, 
ranking elected official, or other duly authorized employee. 

25. Each and any report submitted in accordance with this Certification shall contain the 
following completed declaration: 

"I declare under penalty of law that this document and all attachments were prepared under 
my direction or supervision in accordance with a system designed to assure that qualified 
personnel properly gather and evaluate the information submitted. Based on my inquiry of the 
person or persons who managed the system or those directly responsible for gathering the 
information, the information submitted is, to the best of my knowledge and belief, true, 
accurate and complete. I am aware that there are significant penalties for submitting false 
information, including the possibility of fine and imprisonment for knowing violations. 

Executed on the day of at 

(Signature) 
(Title)" 

26. All communications regarding this project and submitted to this Regional Board shall 
identify the Project File Number 10-005. Submittals shall be sent to the attention of the 401 
Certification Unit. 
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27. Any modifications of the proposed project may require submittal of a new Clean Water Act 
Section 401 Water Quality Certification application and appropriate filing fee. 

28. The project shall comply with the local regulations associated with the Regional Board's 
Municipal Stormwater Permit issued to the Department of Transportation (Caltrans) under 
NPDES No. CAS000003 and Waste Discharge Requirements Order No. 99 - 06 - DWQ. 
This includes the Standard Urban Storm Water Mitigation Plan (SUSMP) and all related 
implementing local ordinances and regulations for the control of stormwater pollution fi-om 
new development and redevelopment. 

29. The project shall comply with all requirements of the National Pollutant Discharge 
Elimination System (NPDES) General Permit for Storm Water Discharges Associated with 
Construction Activity, Order No. 99-08-DWQ. All stormwater treatment systems shall be 
located outside of any water of the State and shall not be used as a wetland or riparian 
mitigation credit. 

30. Coverage under this Certification may be transferred to the extent the underlying federal 
permit may legally be transferred and further provided that the Applicant notifies the 
Executive Officer at least 30 days before the proposed transfer date, and the notice includes 
a written agreement between the existing and new Applicants containing a specific date of 
coverage, responsibility for compliance with this Certification, and liability between them. 

3 1. The Applicant or their agents shall report any noncompliance. Any such information shall be 
provided verbally to the Executive Officer within 24 hours fi-om the time the Applicant 
becomes aware of the circumstances. A written submission shall also be provided within 
five days of the time the Applicant becomes aware of the circumstances. The written 
submission shall contain a description of the noncompliance and its cause; the period of 
noncompliance, including exact dates and times, and if the noncompliance has not been 
corrected; the anticipated time it is expected to continue and steps taken or planned to 
reduce, eliminate and prevent recurrence of the noncompliance. The Executive Officer, or an 
authorized representative, may waive the written report on a case-by-case basis if the oral 
report has been received within 24 hours. 

32. Enforcement: 

(a) In the event of any violation or threatened violation of the conditions of this 
Certification, the violation or threatened violation shall be subject to any remedies, 
penalties, process or sanctions as provided for under State law. For purposes of section 
401(d) of the Clean Water Act, the applicability of any State law authorizing remedies, 
penalties, process or sanctions for the violation or threatened violation constitutes a 
limitation necessary to assure compliance with the water quality standards and other 
pertinent requirements incorporated into this Certification. 
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(b) In response to a suspected violation of any condition of this Certification, the State 
Water Resources Control Board (SWRCB) or Regional Water Quality Control Board 
(RWQCB) may require the holder of any permit or license subject to this Certification 
to furnish, under penalty of perjury, any technical or monitoring reports the SWRCB 
deems appropriate, provided that the burden, including costs, of the reports shall be a 
reasonable relationship to the need for the reports and the benefits to be obtained fiom 
the reports. 

(c) In response to any violation of the conditions of this Certification, the SWRCB or 
RWQCB may add to or modify the conditions of this Certification as appropriate to 
ensure compliance. 

33. This Certification shall expire five (5) years fiom date of this Certification. The Applicant 
shall submit a complete application prior to termination of this Certification if renewal is 
requested. 
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To: Hamid Toossi, STE                                                    Date:     July 2, 2010 
 Office of Design D      

                                                                                                      File:       07-LA-47  
Attn: Hector Bedolla PM 2.8/4.3 
 Project Engineer Schuyler Heim Bridge
  Replacement Project 

          Bridge # 53-2618 
  

  EA: 07-333-138201 
    
                    
  
From: DEPARTMENT OF TRANSPORTATION 

OEECS- HAZARDOUS WASTE BRANCH, SOUTH REGION, MS 16 
 

Subject: Conditional Approval of Site Investigation Work Plan for the Commodore Schuyler F. Heim Bridge 
Replacement Project, Long Beach, California 

 
The Department of Transportation (Caltrans) has reviewed the revised Limited Subsurface 
Investigation Work Plan, Commodore Schuyler F. Heim Bridge Replacement Project, Long Beach, 
California (Work Plan), dated June 24, 2010, prepared by Ninyo and Moore, submitted by ACTA.  

 
The revised Work Plan did not adequately address all of the comments provided by Caltrans on 
June 16, 2010.  However, due to the tight time schedule, Caltrans will provide ACTA with approval 
of the Work Plan subject to the conditions listed below.  ACTA Project Manager and environmental 
staff must be made aware of the conditions prior to commencement of field activities.  A 
final/signed Work Plan addressing all of the conditions will be available at the site during all field 
activities.  The conditions of approval are as follows:   

 
1. Objectives need to be expanded to include determination of the type, distribution, and extent of 

surface and subsurface contamination, identification of the groundwater conditions, 
determination of water quality, and assessment of impacts to environment.  The objectives are 
important and ensure the data collected is of the type and quality for the intended purpose.    

2. Increase the number of grab groundwater samples to meet the objective of determining water 
quality across the project area both laterally and vertically in locations where a structure or 
utility will be constructed at or below the groundwater table.  The Work Plan proposes to 
collect groundwater samples from one to two borehole locations (an inconsistency in the 
number of groundwater samples appears in the Work Plan).  

a. In addition, include collection of ground water at depth intervals to the pile tip depth to 
meet objective of evaluating groundwater for disposal options or if dewatering is 
required. 

3. Tubing used in collection of groundwater samples shall be disposed after one time use.  Tubing 
will not be reused or require decontamination.   
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4. Classification of Investigation Derived Waste (IDW) is to be based on the analytical results.  
The statement that IDW is non-hazardous waste is unfounded as presented in the Work Plan.  
Guidance on the classification of IDW may be found in the U.S. EPA document entitled: 
Management of Investigation-Derived Waste During Site Investigations, May 1990, 
EPA/540/G-91/009. 

5. Samples collected for aerially deposited lead (ADL) need to include the following depths: 0 ft, 
1 ft, 2 ft, 3 ft and 5 ft.  

6. ACTA field staff that will direct the analytical laboratory to analyze samples must have an 
understanding of the conditions of the DTSC issued variance (July 2009) for reuse of ADL 
contaminated soil within Caltrans right of way.  The following clarifications to the Work Plan 
are as follows: 

a. The variance issued by DTSC applies to lead and not any other metals;  
b. Ten percent of randomly selected samples are to be analyzed using the TCLP method; 
c. Ten percent of all samples analyzed for total lead are to be analyzed by the standard 

WET method using citric acid as the extractant; 
d. Ten to 30 percent of all samples analyzed for total lead are to be analyzed by a modified 

WET method using de-ionized water as the extractant; 
e. Ten percent of all samples analyzed for total lead, with a minimum of four samples are 

to be analyzed for pH. 
f. Samples collected from boreholes advanced using a hand auger, shall be collect using a 

sampler attached to a slide hammer.  The sampler shall contain brass or stainless steel 
liners.  This is necessary for stratigraphic control of the sample, to ensure that a 
representative sample of the depth interval is collected, and to avoid collection of slough 
material.   

7. The holding time for soil matrix samples to be analyzed for hexavalent chromium is 30 days. 

8. Field quality control is to include a travel blank to accompany each set of samples submitted to 
the laboratory for VOC analysis.  

9. Duplicate samples are to be collected at a rate of ten percent or one field duplicate sample for 
every 10 primary field samples or fraction thereof for each sample matrix.  This includes 
groundwater samples.   

10. Decontamination of all reusable equipment is to include the brass or stainless steel sampler 
liners. 

11. Global Positioning System (GPS) Requirements 

a. Provide borehole locations within 6 inches accuracy in North American Datum 
b. Submit GPS data in Decimal Degree format in digital format CD-ROM along with the 

final hard copy in the final investigation report 
c. A Microsoft Access 2000 database is attached for your input of the GPS data point of 

the samples/boreholes.  
 

12. Provide Appendix D, ATL’s Quality Assurance Program Plan.  In addition to the method blank, 
duplicate, spike samples, listed in the Work Plan, the Laboratory QA/QC needs to include 
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instrument calibration standards, laboratory control samples, internal standards and surrogate 
spikes. 

13. Site Investigation Report contents shall include the following: 

a. Executive Summary  
b. Project Description 
c. Investigative Methods  
d. Investigative Results and Field Observations 
e. Maps, figures, tables 
f. Data Evaluation and Discussion  
g. For ADL, Statistical evaluation, tables, and graphs, including histograms of the original 

data and transformations, and showing the mean, median, standard deviation with 80 
percent (two-tail)/90 percent (one-tail) and 95 percent confidence levels 

h. Conclusions and Recommendations  
i. References  
j. Laboratory Analytical Reports and Chain of Custody Forms 

14. The detection limits for each analyte must be below any screening level or standard. 

15. Methods to prevent bridging upon backfilling of boreholes with hydrated bentonite are to be 
utilized. 

16. Provide Caltrans with the location selected for storage of drums containing IDW before the start 
of field activities.  The secured area must be in a location that will not receive runoff, and away 
from storm drains or surface water.  The drums will be properly labeled with the Consultant’s 
name, contact information, date, and borehole identification.   

17. The revised Health and Safety Plan (HaSP) was not submitted with the revision of the Work 
Plan. Therefore, a revised Health and Safety Plan must be prepared and include all of the 
comments provided to ACTA by Caltrans on June 16, 2010.   

 
Prior to start of field activities, submit a final/signed Work Plan to our office and Caltrans Permit 
office for record retention.  Any condition that is not met during implementation of the Work Plan 
may require additional work to be performed prior to acceptance of the Site Investigation Report.  
 
If you have any question or need additional clarification, I can be reached at steve.chan@dot.ca.gov 
213-897-3646 or contact Penny Nakashima of my staff at penny.nakashima@dot.ca.gov 213- 897-
4058. 
 
 

 
 
Steve Chan, P.E., STE   
District Hazardous Waste Branch, South Region 
Office of Environmental Engineering and Corridor Studies 
 

 cc: File 
  Karen Fong, Office of Design D 
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  Christine Song, Office of Permit 
  Sam Alameddine, OEECS, Planning 
  Ron Kosinski, Environmental Planning  
 

Attachments: GPS MS Access-Database Template 
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DATE OF SURVEY: FEBRUARY 23-25, 2010 
 
 
 
 
 
 
 
 
 
 
 
PREPARED FOR:      PREPARED BY: 
Alameda Corridor Transportation Authority  Tetra Tech, Inc. 
One Civic Plaza, Suite 600  3475 East Foothill Blvd. 
Carson, California 90745  Pasadena, California 91107 
 
 
 
 
 
 
 
 
________________________     ________________________ 
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Principal Scientist      Project Manager 
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ELLAP  Environmental Lead Laboratory Accreditation Program 
EPA  United States Environmental Protection Agency 
Flame AAS Flame Atomic Absorption Stectroscopy 
HEPA  High Efficiency Particulate Air 
HVAC  Heating, Ventilation, and Air Conditioning 
HM  Homogeneous material 
HUD  Housing and Urban Development 
LBP  Lead Based Paint 
LCP  Lead Containing Paint 
mg/cm2  milligrams per centimeter squared 
mg/kg  milligrams per kilogram 
mg/l  milligrams per liter 
NESHAP National Emission Standards for Hazardous Air Pollutants 
NLLAP  National Lead Laboratory Accreditation Program 
NVLAP National Voluntary Laboratory Accreditation Program 
OSHA  Occupational Safety and Health Act 
%/wt  Percent by Weight 
PEL  Permissible Exposure Limit 
PLM  Polarized Light Microscopy 
PPE  Personal Protective Equipment 
ppm  parts per million 
QA/QC  quality assurance/quality control 
RCRA  Resource Conservation and Recovery Act 
SCAQMD South Coast Air Quality Management District 
SST  Site Surveillance Technician 
STLC  Soluble Threshold Limit Concentration 
TCLP  Toxic Characteristic Leachate Potential 
TSCA  Toxic Substances Control Act 
TSI  Thermal Systems Insulation 
TTLC  Total Threshold Limit Concentration 
TWA  Time Weighted Average 
WET  Waste Extraction Test 
XRF  X-Ray Fluorescence 
Ug/m  micrograms per meters cubed 
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EXECUTIVE SUMMARY 

 
Tetra Tech, Inc. was retained by the Alameda Corridor Transportation Authority (ACTA) to perform a 
pre-demolition asbestos and lead-based paint survey for the Commodore Schuyler Heim Bridge (the 
“Bridge”) located in Long Beach, California.  This Bridge is a lift span bridge that crosses the Cerritos 
Channel from Terminal Island to mainland Long Beach.  ACTA is working together with the California 
Department of Transportation (Caltrans) to prepare the design and specifications which includes the 
demolition in an overall effort to replace the lift span bridge with a fixed span bridge structure.  An 
asbestos survey is required by South Coast Air Quality Management District (SCAQMD) Rule 1403 and 
Federal National Emission Standard for Hazardous Air Pollutants (NESHAP) regulations prior to 
demolition or major renovation activities.  A lead based paint survey is required to determine the level of 
worker protection to be utilized during demolition and to guide the waste disposal of construction 
materials from the demolition process.  
 
Tetra Tech, Inc. conducted an asbestos and lead paint survey at the Bridge February 23 through 25, 2010.  
The following is a summary report of that survey. 
 
Asbestos 
 
Bulk samples of suspect asbestos-containing materials were collected and submitted for laboratory 
analysis.  The following materials were identified as having an asbestos content greater than 0.1 percent, 
and are thus regulated in California.  

Exterior: 
 

 Roof penetration mastic (5% Chrysotile asbestos) on roof penetration points and flashings of 
control rooms and maintenance switch room/storage room.  Approximately 5 square foot of 
material. 

Interior:  
 

 12” square (white crackle pattern) floor tile (5% Chrysotile asbestos) in north control room, 
approximately 64 square feet of material. 

 Gray Masonite wallboard panels (20% Chrysotile asbestos) in north control room walls and 
ceilings and maintenance switch room/storage room divider walls, approximately 1,600 square 
feet of material. 

 
Samples were collected of all accessible interior and exterior suspect building materials at the Bridge and 
analyzed for asbestos content.  Since this is a pre-demolition survey, limited destructive sampling 
techniques were utilized to attempt to locate all suspect materials.  A total of 21 samples (32 separate 
samples when multi layer samples were accounted for) were collected of suspect building materials from 
7 distinct homogeneous materials (HM), including the following (highlighted rows denote homogenous 
materials that were found to be asbestos containing): 
 



Pre-Demolition Asbestos and Lead Paint Survey Report 

Tetra Tech, Inc. Page ES-2 of ES-5 April 23, 2010 
TC1271-39 

Homogeneous Material List 
 

HM # Type Homogeneous Material Location/Comments 

HM1 Flooring 
12”square (white crackle pattern) 
floor tiles 

Single layer, north control room 

HM1M Flooring Mastic applied to HM1 North control room 

HM2 Flooring 
12” square (beige squares pattern) 
floor tiles 

North control room 

HM2M Flooring Mastic applied to HM2 North control room 

HM3 Miscellaneous Masonite wallboard panels 
North control room walls and ceiling and 
maintenance switch room/storage room 
divider walls 

HM4 Roofing Roofing sealant  North/South tower roof panels 

HM5 Roofing 
Multi layer roofing sample (roofing 
and tar) 

Maintenance switch room/storage area 
roof 

HM6 Roofing Roof penetration mastic 
Control room and maintenance switch 
room/storage area roofs 

HM7 Roofing 
Multi layer roofing sample (roofing 
and tar) 

Control room roof 

 
Three duplicate samples were collected as a quality assurance and quality control (QA/QC) measure.  
These samples were collected from the same material and location as the parent sample.  The results were 
then compared to the parent sample as a test of the technical proficiency of the analysis laboratory.  The 
samples were given sample identification numbers after the original samples and were given fictitious 
sampling times and descriptions.  These samples are listed below. 
 

HM # Type Homogeneous Material Parent Sample Association 

HM8-1 Miscellaneous 
Gray Masonite wallboard 
panels 

Duplicate sample of HM3-4 

HM9-1 Roofing Roof penetration mastic Duplicate sample of HM6-3 

HM10-1 Flooring 
12” square (white crackle 
pattern) floor tile 

Duplicate sample of HM1-1 

HM10-1M  Flooring Mastic applied to HM10 Duplicate sample of HM1-1M 

 
All materials that were found to contain asbestos in the Bridge were classified as Asbestos Containing 
Building Materials (ACBM), with no Asbestos Containing Construction Materials (ACCM) found. 
Further, the ACBM found was all non-friable materials, which pose much less of a hazard in their 
removal than do friable materials. The proposed demolition work will disturb the ACBM, so these 
materials must be removed prior to commencement of the demolition process. This removal must be 
conducted in conformance with all applicable Federal, State, and Local regulations by appropriately 
trained and certified personnel and contractors. The abatement contractor must be registered with 
California De3partment of Occupational Safety and Health Division of Occupational Safety and Health 
(DOSH) and have an ASB-certification on their contractor’s license issued by the Contractors State 
Licensing Board (CSLB). All abatement contractor workers must have certified training and be registered 
with DOSH. A trained and DOSH certified supervisor must be on site at all times while abatement 
activities are being conducted. SCAQMD and California Department of Occupational Safety and Health 
(CalOSHA) must be notified of the abatement activity using the proper forms at the required interval prior 
to the start of work. 
 
 The material removed must be handled, labeled, stored and transported in accordance with Local, State 
and Federal requirements.  The ACBM must be segregated after removal and be disposed of separately 
from other construction debris at a landfill authorized to accept asbestos.  Failure to properly segregate 
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ACBM from other construction debris can result in the entire waste stream to be disposed of as ACBM.  
This can result in much higher disposal costs. 
 
Lead Paint 
 
A total of 98 paint chip samples (89 samples and 9 duplicate samples) were collected from the various 
paints applied to the structure and analyzed for lead content.  There are two regulatory thresholds for lead 
content in paint: 
 

 Lead-Based Paint (LBP): Paint or other surface coating that contains lead in excess of 1.0 
milligrams per centimeter squared or 0.5 percent by weight. Lead-Based Paint removal and 
disposal must be performed in accordance with California Department of Public Health (DPH) 
Regulations as well as OSHA requirements. 

 Lead-Containing Paint (LCP): painted material or surfaces containing any [primarily >600 parts 
per million (ppm) or 0.06 percent by weight] detectable level of lead. Lead-Containing Paint 
removal and disposal must be performed in accordance with OSHA regulations. 

The following table summarizes the samples collected.  Dark shaded table rows indicate paint that was 
contained lead levels at or above the LBP threshold and are therefore considered LBP.  Light shaded table 
rows indicate paint which was found at levels below the LBP threshold but above the LCP threshold and 
are therefore considered as LCP.  Unshaded rows indicate paint which contained lead below either 
threshold level and are not considered LBP or LCP. 
 
Lead Paint Chip Samples 
 

PC # 
No of 
Samples 

Description 
Max Lead 
Content 
(% by wt.) 

Location/Comments 

PC1 30 
Green exterior structural 
paint 

17.0 
All exterior structural coatings 

PC2 16 
Yellowish-grey guard rail 
exterior Structural Paint 

1.8 
All exterior structural coatings 

PC3 8 
White guard rail exterior 
structural paint 

1.1 
All exterior structural coatings 

PC4 1 
Yellow traffic arm exterior 
paint 

14.0 
Yellow caution area at traffic arm 

PC5 1 
Grayish-tan  traffic arm 
exterior paint 

0.91 
Traffic arm support structure 

PC6 1 
Green interior stairway 
structural paint 

8.6 
All interior structural coatings 

PC7 1 
Green interior stairway 
handrail paint 

4.6 
All interior structural coatings 

PC8 1 Green exterior door paint 9.6 All exterior structural coatings 
PC9 1 Green interior stair landing 0.15 All interior structural coatings 

PC10 1 
Grey wood utility cabinet 
paint 

3.6 
Under Bridge near parking area 

PC11 1 
Grey support pillar/column 
paint 

0.36 
Under Bridge near parking area 

PC12 1 White traffic arm paint 0.027 Traffic arm 
PC13 1 Red traffic arm paint 0.023 Traffic arm 

PC14 3 
Center exterior guard rail 
paint 

10.0 
All exterior structural coatings 

PC15 1 Yellow traffic lane paint 0.47 Exterior traffic lane 
PC16 1 Green exterior hatch paint 0.11 All exterior structural coatings 
PC17 2 Yellow pop-ups paint 6.8 Traffic barricade pop-ups 



Pre-Demolition Asbestos and Lead Paint Survey Report 

Tetra Tech, Inc. Page ES-4 of ES-5 April 23, 2010 
TC1271-39 

PC # 
No of 
Samples 

Description 
Max Lead 
Content 
(% by wt.) 

Location/Comments 

PC18 4 Silver interior paint 24.0 All interior structural coatings 
PC19 2 Yellow machine cover paint 7.5 Tower machinery room 

PC20 2 
Grey w/orange base interior 
floor paint 

16.0 
Tower machinery room 

PC21 1 Grey machinery paint 8.4 Tower machinery room 
PC22 2 Green roof covering 0.11 Exterior hatch at tower machinery room 
PC23 2 White machinery paint 0.26 Tower machinery room 
PC24 1 Cream elevator paint 0.011 Interior elevator 

PC25 2 
Yellow interior hand rail 
paint 

3.4 
All interior structural coatings 

PC26 1 Grey interior door paint 0.012 Maintenance area 
PC27 1 Grey interior wall paint 1.5 Maintenance area 
 

Nine duplicate samples were collected as a quality control and quality assurance measure.  These samples 
were collected from the same material and location as the parent sample.  The results were then compared 
to the parent sample as a test of the technical proficiency of the analysis laboratory.  The samples were 
given sample identification numbers after the original samples and were given fictitious sampling times 
and descriptions.  These samples are as follows: 
 
Duplicate Paint Chip Samples 

 
Seventeen of the paint types (77 samples total) contained lead exceeding the regulatory 0.5% threshold 
and are therefore considered to be LBP.  Some of this paint was in poor shape and was flaking and 
chipping off of the structures.   
 
The majority of the paint on the Bridge is either LBP or LCP; therefore special procedures are required to 
ensure that the health and safety of the demolition workers is protected and to prevent contamination of 
the surrounding environment. CalOSHA considers both LCP and LBP to pose a hazard to workers who 
will disturb the paint while conducting the demolition activities. By CalOSHA standard, any paint that is 
at or higher than 0.06% by weight in lead content is considered lead containing paint and worker 
protection measures including monitoring, proper Personal Protective Equipment (PPE), specific work 
practices, dust control measures such as containment, and worker and contractor training and registration 
must be implemented if the paint is to be disturbed through renovation or demolition activities.  All 

PC # Description Location/Comments Parent Sample Association 

PC28-1 
Green exterior structural 
paint 

All exterior structural 
coatings 

Duplicate sample of PC1-28 

PC29-1 Green roof covering 
Exterior hatch at tower 
machinery room 

Duplicate sample of PC22-1 

PC30-1 Silver interior paint 
All interior structural 
coatings 

Duplicate sample of PC18-3 

PC31-1 
Green interior stairway 
handrail paint 

All interior structural 
coatings 

Duplicate sample of PC7-1 

PC32-1 
Center exterior guard rail 
paint 

All exterior structural 
coatings 

Duplicate sample of PC14-1 

PC33-1 
Green exterior structural 
paint 

All exterior structural 
coatings 

Duplicate sample of PC1-8 

PC34-1 
White guard rail exterior 
structural paint 

All exterior structural 
coatings 

Duplicate sample of PC3-3 

PC35-1 Yellow pop-ups paint Traffic barricade pop-ups Duplicate sample of PC17-2 

PC36-1 
Grey support 
pillar/column paint 

Under Bridge near parking 
area 

Duplicate sample of PC11-1 
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removal and stabilization must be conducted by certified lead abatement contractors. Monitoring should 
be implemented while demolition is being done to ensure that workers are not being exposed above 
regulatory Permissible Exposure Limit (PEL). 
 
Prior to demolition activities, at a minimum, all peeling and chipping paint must be removed and the paint 
chips disposed of as hazardous waste prior to building demolition.  Measures such as paint stabilization 
must be taken to ensure that the paint will not continue to peel or chip off as the demolition is conducted 
and efforts should be taken to protect the surrounding ground surfaces and the Cerritos Channel below the 
Bridge from any paint that may come off in the demolition process.  Removal of all paint prior to 
demolition would be the most conservative approach.  However, full removal may not be necessary 
because, once peeling paint has been removed and remaining paint stabilized, the demolition waste may 
not exceed California waste thresholds.  Full removal of paint may be necessary from some areas so that 
the demolition can be conducted where otherwise the presence of the paint may prevent the demolition 
process or the demolition activity might cause the paint to and spread into the surrounding environment.  
 
Due to the condition of the painted components/surfaces at this site, there is a potential for surface 
contamination (soils, grounds, and water) at the base of the piers, below the viaduct structures, and below 
the bridge area over both solid ground and the Cerritos Channel.  Special procedures will be required to 
ensure that paint chips and flakes are captured to protect the Cerritos Channel or onto the ground below. 
This issue must be addressed when remediation/demolition activities are planned at the facility and 
abatement plans and specifications should contain these measures.  
 
Waste stream testing must be conducted to ensure proper disposal. In California, for waste purposes, 
regardless of the classification of the paint as LCP or LBP, it is considered as a California hazardous 
waste at a level of 0.1% (1,000 ppm) and must be disposed of as such if the composite samples exceed 
this level. Demolition waste should be segregated into three groups, construction debris, debris with lead 
containing paint (at or above 0.06 %/wt lead content), and debris with Resource Conservation and 
Recovery Act (RCRA) lead-based paint (at or above 0.50 %/wt lead content).  Composite samples of the 
demolition waste should be collected and analyzed for lead content as discussed previously is Section 4.2 
by Total Threshold Limit Concentration (TTLC), then Soluble Threshold Limit Concentration (STLC), 
and finally Toxic Characteristic Leachate potential (TCLP) methods to characterize it for disposal.  By 
segregating the waste prior to characterization for disposal, contamination of clean construction debris is 
avoided. 
 
Since a large majority of the bridge structure is constructed of steel, this material is potentially recyclable 
as a scrap metal. Even though the steel is coated with LBP or LCP, and may be classified as a California 
or Federal RCRA hazardous material, there are Federal and State regulations that provide exemptions 
from waste disposal restrictions for recycled materials. These exclusions are defined in 40 CFR Sections 
261.1, 261.4 and 261.6 and Title 22 CCR Sections 66260.10 and 66261.6.  These exclusions allow the 
steel to be recycled and the paint will not be considered to be a hazardous waste. Until the point of 
recycling, however, procedures remain the same. The same work procedures, monitoring, PPE, and 
training and contractor certifications still apply during demolition. The painted structural elements still 
need to be stabilized or have paint removed to ensure that paint will not continue to fall off while the steel 
elements are being transported for recycling.  The recycler may accept these materials due to the 
exemptions, but they are in no way mandated by these regulations to accept the LBP or LCP coated scrap 
metal for recycling and it is at their discretion if they choose to do so. The intended recycler will need to 
be contacted and notified that the steel is coated with LBP and LCP paint prior to shipping. The recycler 
may also have special packaging or transportation procedures to ship these materials to them for 
recycling.
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1.0 PROJECT BACKGROUND 

Tetra Tech, Inc. was retained by the Alameda Corridor Transportation Authority (ACTA) to perform a 
pre-demolition asbestos and lead-based paint survey for the Commodore Schuyler Heim Bridge (the 
“Bridge”) and approach viaducts located in Long Beach, California.  This Bridge is a lift span bridge that 
crosses the Cerritos Channel from Terminal Island to mainland Long Beach.  ACTA is working together 
with the California Department of Transportation (Caltrans) to prepare the design and specifications 
which includes the demolition in an overall effort to replace the lift span bridge with a fixed span bridge 
structure.  An asbestos survey is required by South Coast Air Quality Management District (SCAQMD) 
Rule 1403 and Federal National Emission Standard for Hazardous Air Pollutants (NESHAP) regulations 
prior to demolition or major renovation activities.  A lead based paint survey is required to determine the 
level of worker protection to be utilized during demolition and to guide the waste disposal of construction 
materials from the demolition process. 
 
This survey report includes site and structure descriptions, analytical methods and limitations, summary 
of findings, and recommendations for all identified Asbestos Containing Building Materials (ACBM), 
Lead-Based Paint (LBP), and Lead Containing Paint (LCP) at the facility.  A glossary of asbestos and 
lead-based paint related technical terms is contained in Appendix A.  Appendix B contains copies of the 
analysis laboratory’s accreditation certificates and the certification and registration credentials for the 
samplers who conducted the surveys. A table listing the asbestos sample details is presented in Appendix 
C, and the sample laboratory analysis reports for both lead and asbestos are presented in Appendix D.  
Site drawings created in the field, which show floor plans of the structures, sample locations and any 
other pertinent field notes are contained in Appendix E.  Appendix F contains site photographs collected 
while conducting the surveys.   
 

2.0 SITE DESCRIPTION 

The Bridge is a motor vehicle bridge that serves to connect Terminal Island with Long Beach by crossing 
the Cerritos Channel on the north side of the island.  The structure consists of one metal-decked six lane 
lift bridge and the two viaduct connectors and associated off and on ramp structures leading to and from 
the Bridge.  The Bridge was constructed in 1948 by the U.S. Navy. 
 
The Bridge is supported by four concrete footing foundation piers that are each keyed into the subsurface 
at below water level depths.  The outer two support piers (Piers 26 and 29) rise to the traffic level and 
serve only as supports for the roadway.  The inner two piers (Piers 27 and 28) serve to support the 
roadway structure as well as support the approximately four story metal lift tower structures that facilitate 
the lifting action of the Bridge. With the exception of the lift span, the roadway surface for both the 
Bridge and the two viaducts are concrete supported by metal lattice underpinnings and concrete support 
columns.  The lift span is all metal with a metal grated roadway deck.  
 
The two lift towers each contain a control room at just above the traffic deck level.  Only the south 
control room is currently used.  A machine room is located in the top of each tower structure.  These 
machine rooms house the equipment used to hoist the lift deck of the Bridge when needed.  A switchgear 
and mechanical storage room structure spans the width of the south tower. 
  
The roof of the two lift tower structures is a metal clad raised seam roof while the roof of the control 
rooms and switchgear/storage room is a single layer of built up composite roofing and roofing tar.  All 
roofing is in good shape.  Interior walls and ceilings of the switchgear/storage room and the north control 
room are Masonite panels.  Exterior walls and many of the other interior walls are clad in corrugated 
sheet metal.  
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The south control room was previously remodeled and expanded and the Masonite panels were removed 
and replaced with plywood. The flooring in the south control room was also replaced with rubber sheet 
flooring.  The north control room flooring is 12-inch vinyl floor tiles. Insulation in the walls of the control 
room and other rooms, where placed, is fiberglass.  
 
The paint history of the structure appears to be uniform. The locations of all paint samples showed a layer 
of primer paint applied to the substrate for applications on metal with a uniform layer of top coat paint 
applied on top. Paint applied to non-metal substrates appeared to have just a top coat application or the 
use of a primer coat of similar color to the top coat. Any repainting appears to have been done on a touch-
up basis.  The exterior of the metal structural components of the Bridge are covered by a green paint 
which appears to be uniformly applied throughout.  The interior structural areas are coated in a silver 
paint, and the control rooms and mechanical storage and switchgear rooms are painted gray.  Much of the 
paint on the structure is in poor shape and is peeling and separating due to corrosion. 
 

3.0 BACKGROUND 

3.1  Asbestos Background 

The term asbestos describes six naturally occurring fibrous minerals found in certain types of rock 
formations.  The minerals chrysotile, amosite, and crocidolite have been most commonly used in building 
products such as floor tile, pipe insulation, boiler insulation, and plasters.  The minerals anthophyllite, 
actinolite, and tremolite are not frequently found in ACBM. 
 
Intact and undisturbed ACBM do not pose a health risk.  They may, however, become a health hazard if 
they are damaged, disturbed, or deteriorate over time and release fibers into the air.  If released into the 
air, asbestos fibers may be inhaled.  After prolonged or intense exposure, inhaled asbestos fibers may 
cause various types of lung disease.  The health risks associated with asbestos exposure are greater for 
those who smoke. 
 

3.2 Lead Paint Background 

Elemental lead is a heavy, soft, easily worked, bluish metal. Lead deposits are often found in the form of 
galena, a lead sulfide mineral associated with zinc sulfides and silver.  In historic times, lead was 
recovered as a result of smelting silver.  Lead has been mined, smelted, and made into products for 
thousands of years.  The oldest known lead object is an 8,500 year old statue that was excavated in 
Turkey. 
 
After the industrial age began in the 1800s, the use of lead increased, and with it the potential for 
occupational exposure. Lead’s versatility, as well as its favorable physical and chemical properties, 
accounted for its popularity.  Lead compounds (chemicals consisting of lead in combination with other 
elements such as oxygen or chromium), such as white lead and lead chromate, have been widely used as 
pigments in paint. Lead was primarily added to paint as a pigment, to add durability, and as a drying 
agent.  Although the use of lead-based paint, in particular on interior surfaces, has declined over the years, 
most housing units built before 1980 contain some lead based paint. 
 
Lead dust is generated when paint deteriorates or is disturbed.  This dust can be ingested by children or 
workers.  This dust or paint chips can contaminate soils which poses a hazard to children or adults who 
may come into contact with the contaminated soil. 
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4.0 REGULATORY BACKGROUND 

4.1 Federal Regulations 

Asbestos 
 
The United States Environmental Protection Agency (EPA), the Occupational Safety and Health 
Administration (OSHA), and delegated states are responsible for regulating environmental exposure and 
protecting workers from asbestos exposure.  OSHA is responsible for the health and safety of workers 
who may be exposed to asbestos in connection with their jobs [Occupational Exposure to Asbestos; Title 
29, Code of Federal Regulations (CFR) Parts 1910.1001 and 1926.1101].  The EPA and state regulators 
are responsible for developing and enforcing regulations necessary to protect the general public from 
exposure to airborne contaminants that are known to be hazardous to human health. 
 
In 1979, EPA began an asbestos technical assistance program for building owners, environmental groups, 
contractors, and industry.  In May 1982, EPA issued the first regulation intended to control asbestos in 
schools under the authority of the Toxic Substances Control Act (TSCA); this regulation is known as the 
Asbestos-in-Schools Rule. 
 
Two EPA regulations govern asbestos:  the Asbestos Hazard Emergency Response Act (AHERA) and 
NESHAP. 
 
AHERA 
 
In 1986, Congress enacted AHERA (Title 40, CFR Part 763) which mandated a regulatory program to 
address the asbestos hazards in schools.  A part of AHERA deals with the mandatory training and 
accreditation of persons who perform certain types of asbestos-related work in schools.  Subsequently, in 
1990 Congress amended AHERA to extend some of the training and accreditation requirements to 
persons performing such work in public and commercial buildings. 
 
AHERA requires surveys of school buildings to determine the conditions of ACBM and preparation of 
management plans which recommend the best way to reduce the asbestos hazards. The industry standard 
is to utilize AHERA protocols for all asbestos surveys and to choose control methods for management of 
asbestos.  The methods may include removal, encapsulation, enclosure, repair, and operations and 
maintenance to protect human health and the environment from ACBM. 
 
NESHAP 
 
The Clean Air Act (CAA) of 1970 required EPA to develop and enforce regulations to protect the general 
public from exposure to airborne contaminants that are known to be hazardous to human health; therefore, 
EPA promulgated NESHAP (Title 40, CFR Part 61) on April 6, 1973. 
 
NESHAP is intended to minimize the release of asbestos fibers during certain activities (i.e., renovations, 
demolition, and installations).  It specifies work practices to be followed during renovations of buildings 
(except apartment buildings that have no more than four dwelling units) which contain a specific amount 
of friable asbestos.  NESHAP requires that buildings be inspected for ACBM prior to 
renovation/demolition projects.   
 
NESHAP also requires owners and operators subject to the asbestos rules to notify delegated state and 
local agencies and/or the regional EPA offices before demolition or renovation activities begin.  In 
addition, NESHAP requires the removal of all friable ACBM prior to demolition. 
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OSHA 
 
OSHA began regulating workplace asbestos exposure in 1970, adopting a permissible exposure limit 
(PEL) to regulate worker exposure.  The original asbestos standard has been revised several times to 
better protect workers.  On August 10, 1994, OSHA issued a revised final standard regulating asbestos 
exposure in all industries.  The newly revised standard for the construction industry lowers the PEL.  The 
revised standard also establishes a new classification system for asbestos construction work, which clearly 
spells out mandatory work practices to follow to reduce worker exposures (see Occupational Exposure to 
Asbestos, Title 29, CFR 1926.1101). 
 
Lead Paint 
 
The Residential Lead-Based Paint Hazard Act of 1992, also called Title X, required the EPA and the U.S. 
Department of Housing and Urban Development (HUD) to develop regulations for disclosing lead-based 
paint hazards in homes built before 1978 that are offered for sale or lease.  On March 6, 1996, these new 
regulations went into effect.  They are known as 24 CFR Part 35 and 40 CFR Part 745, “Lead;  
Requirements for Disclosure of Known Lead-Based Paint and/or Lead-Based Paint Hazards in Housing; 
Final Rule”. The law put in place by these regulations went into effect on September 6, 1996, for owners 
of buildings with more than four units, and December 6, 1996, for owners of buildings with four or fewer 
units (including single family homes).  
 
Under this law, before finalizing a contract for the sale or lease of housing built before 1978:  
 

 Sellers, landlords or their agents must disclose known information regarding lead-based paint 
hazards in the housing including copies of any survey reports; 

 Sellers, landlords or their agents must provide purchasers and renters with an EPA pamphlet 
entitled “Protect Your Family from Lead in Your Home” which may be found at this website 
http://www.epa.gov/opptintr/lead/leadpbed.htm#Brochures; 

 Purchasers have ten days to inspect or test for lead hazards. This time period may be shortened or 
lengthened by mutual agreement; and 

 Sales contracts and leasing agreements must contain disclosure statements.  Signed copies must 
be kept for a minimum of three years.  

 
The Federal OSHA have enacted a construction industry lead standard in 29 CFR 1926.62, which was 
adopted by California Occupational Safety and Health Administration (Cal/OSHA) as 8 California Code 
of Regulations (CCR) 1532.1.  The purpose of both standards is to protect workers from exposure to lead. 
OSHA is primarily concerned with activities that disturb paints with any amount of lead.  Lead was used 
in most paints until the mid 1950’s and was banned in amounts in excess of 0.06% by weight [600 parts 
per million (ppm)] in 1978 for most non-industrial paints by the Consumer Product Safety Commission 
(CPSC). 
 
These standards require contractors and employers who perform paint removal activities to monitor their 
employees to determine whether they are being exposed in excess of the action level of 30 micrograms 
per cubic meter of air (µg/m3) over an eight-hour time weighted average (TWA) or the PEL of 50 µg/m3 
TWA. Monitoring is performed by personal air sampling. 
 
Even when concentrations are below the action level, an employer must provide employees with High 
Efficiency Particulate Air (HEPA) filtered vacuums, wetting agents and hand-washing facilities. If the 
exposure exceeds the action level or the PEL, other procedures such as containing the area, local exhaust 
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ventilation, respiratory and worker protection, worker training, decontamination facilities and medical 
monitoring are required. 
 
OSHA has identified several work practices that pose varying levels of lead exposure to laborers 
disturbing lead-containing paint.  Estimated exposure levels of lead are founded on the activity itself, 
rather than the concentrations of lead present in paint.  As an example, paint that contains 0.5% versus 
15% of lead by weight or 0.8 milligrams per centimeter squared (mg/cm2) versus 3.5 mg/cm2 of lead in 
paint could pose the same exposure levels to workers depending on the activities that cause the 
disturbance and the administrative and engineering controls that are followed. 
 
The following is a summary of work activities that disturb paint, the expected exposure and the 
respiratory protection requirements that result as outlined in the OSHA standards: 
 

 
 
The Resource Conservation and Recovery Act (RCRA) applies to lead abatement work whenever lead 
containing waste is generated. Under RCRA, waste samples must be analyzed by the Toxic Characteristic 
Leachate potential (TCLP) analysis method. The TCLP analysis method determines the solubility of the 
lead in the waste material. A sample of the waste material is placed in one of two extraction fluids 
(determined by the alkalinity of the waste sample) and then this mixture is tumbled for a 18 hour period. 
The fluid is then decanted and analyzed for lead content. The threshold lead level to be considered a 
RCRA hazardous waste is 5 milligrams per liter (mg/l). If samples of waste exceed this level then the 
waste must be identified, handled, stored, transported, treated, and disposed of as hazardous waste.  

4.2 State Regulations 

Asbestos 
 
Adopted state regulations are similar to the Federal regulations.  In many instances, state asbestos 
regulations are more stringent; therefore, it is recommended that the applicable state asbestos 
regulation(s) be reviewed before the start of any renovation/demolition projects. 
 

Activities Potential Exposure 
Minimum Respiratory 
Protection 

Class I activities include:  Manual 
demolition, manual scraping, 
manual sanding, heat gun 
applications, general cleanup, 
power tool cleaning with dust 
collection systems and spray 
painting activities 

50 µg/m3 to 500 µg/m3 

Half mask air purifying 
respirator equipped with 
HEPA filters having a 
protection factor of 10 

Class II activities include:  Using 
lead-containing mortars, lead 
burning, lead riveting, rivet 
busting, power tool cleaning 
without dust collection systems, 
cleanup of dry expendable 
abrasives and abrasive blasting 

500 µg/m3 to 2,500 µg/m3 

Full face powered air 
purifying respirators 
equipped with HEPA filters 
having a protection factor of 
100 

Class III activities include:  
Abrasive blasting, welding, cutting 
and torch burning on steel 
structures 

Greater than 2,500 µg/m3 

Full face supplied air 
respirator operated in 
pressure demand mode or 
other positive pressure mode 
(type “C”) 
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Most state asbestos regulations include requirements for licensing and certification of personnel who will 
perform asbestos-related work activities.  All personnel who engage in asbestos-related activities must 
comply with the state licensing/certification requirements as well as with all Federal requirements. In 
California, the agency governing licensing and certification of all asbestos professionals is the Cal/OSHA 
Division of Occupation Safety and Health (DOSH).  All sampling and asbestos consulting services must 
be done by properly trained and licensed personnel. Sampling and monitoring must be performed by 
either a Certified Asbestos Consultant (CAC) or Site Surveillance Technician (SST) under the direct 
supervision of a CAC. Any remedial activities must be done by a contractor registered with DOSH to 
perform asbestos removal and all workers must be trained at the worker level. At least one individual 
trained at supervisor level must be present at all asbestos removal jobs. Asbestos abatement contractors 
must also have their company registered with the Contractors State Licensing Board (CSLB) as a 
Contractor with an asbestos abatement certification (ASB–Certification). Obtaining an ASB-Certification 
requires the passing of an exam administered by the CSLB. More specific information regarding the 
regulatory requirements for asbestos work in California is contained in Title 8 CCR Section 1529 and the 
California Business and Professions Code, Division 3, Chapter 9, Article 4, Section 7058.5. 
 
In California, the enforcement of NESHAP is done by the Air Quality Management Districts. In the Los 
Angeles Basin, where this project is located, this falls under the SCAQMD.  The requirements for 
conducting a pre-demolition survey and for managing any asbestos containing building materials found in 
this survey are covered by SCAQMD Rule 1403.  This rule refers back to the Federal NESHAP 
regulations but also contains several unique provisions. These provisions include California specific items 
such as using DOSH certified individuals and removal firms as well as notification requirements. Detailed 
information is contained in Rule 1403. 
 
Disposal of asbestos containing materials is governed by the California Department of Toxic Substances 
Control (DTSC). There are two categories of asbestos waste, friable asbestos waste and non-friable 
asbestos waste. Friable asbestos waste includes waste that contains asbestos in quantities greater than 1%, 
as determined by polarized light microscopy (PLM), and can be crumbled, pulverized, or reduced to a 
powder by hand pressure. Friable asbestos waste is regulated as a hazardous waste (Title 22 CCR, 
Division 4.5, Chapter 11, Article 3, Section 66261.24) and must be transported by a licensed hazardous 
waste hauler and disposed of in a landfill approved for friable asbestos waste disposal. Non-friable 
asbestos waste includes waste materials that contain asbestos in quantities greater than 1%, as determined 
by PLM, that cannot be crumbled, pulverized, or reduced to a powder through hand pressure. Non-friable 
asbestos waste is not designated as a hazardous material; however, the disposal of these materials is still 
regulated and they cannot be disposed of as normal waste or construction debris.  These materials must be 
disposed of at a waste facility approved to accept non-friable asbestos wastes. 
 
In California, Cal/OSHA has a lower threshold for asbestos containing materials as they relate to worker 
protection measures. Asbestos Containing Construction Materials (ACCM) is defined as a construction 
material which contains less than 1% but greater than 0.1% asbestos content as determined by PLM. 
These materials must be treated the same as for ACBM in regards to abatement procedures, worker 
training, and contractor certification; however, once removed ACCM waste may be disposed of as regular 
construction debris at any landfill that accepts construction waste.  More information on these 
requirements may be found at Title 8 CCR Section 341. 

 
Lead Paint 
 
The Cal/OSHA construction industry lead standard (Title 8 CCR 1532.1) is almost the same as the federal 
standard with the four following differences: 
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 The California standard requires employers to notify Cal/OSHA before employees conduct a 
trigger task that will disturb more than 100 square feet or linear feet of lead paint containing more 
than 5,000 ppm of lead. Trigger tasks include manual demolition, scraping, sanding, using 
HEPA-attached equipment, using heat guns to remove lead paint, and using other more 
aggressive techniques. 

 The California standard defines lead containing paint at the CPSC level of 0.06% by weight or 
600 ppm for non-trigger tasks. Common maintenance and construction tasks such as drilling and 
cutting into painted materials are probably not trigger tasks. However both the California and 
federal standards require training, personal protective equipment, and specific work practices 
whenever paint with any quantity of lead will be disturbed (including less than 600 ppm) because 
this disturbance may result in airborne exposures over the action limit or PEL. 

 The California standard requires Department of Public Health (DPH) certified lead training for 
any workers and training and DPH certification for any supervisors, inspectors, project monitors 
or project designers of lead projects (in public and commercial buildings) who may be exposed at 
or above the PEL. 

 The California standard uses the term “regulated area” Cal/OSHA requires the supervisor to 
establish a regulated work area whenever workers may be exposed to airborne lead over the PEL 
or if they will perform trigger tasks. 

 
The California Environmental Protection Agency (CalEPA) is the state agency responsible for 
determining when lead paint waste is a hazardous waste and how the waste must be disposed. In general, 
the CalEPA testing requirements are substantively more stringent than the federal requirements.  
Procedures for identification, management, transport, record keeping, and disposal of all types of 
hazardous waste are set forth in Title 22 CCR Sections 66260.1 through 66263.12 and 66268.1 through 
66268.124, and the California Health and Safety Code Section 25163, subdivision (c).  
 
Three different tests to determine waste disposal methods may be required to comply with California 
waste characterization requirements.  First, waste materials must by analyzed using the Total Threshold 
Limit Concentration (TTLC) analysis. If the TTLC analysis result is less than 50 milligrams per kilogram 
(mg/kg) (equivalent to ppm), the waste can be disposed as non-hazardous construction debris. If the 
results of this analysis are above 1,000 mg/kg (ppm), then the waste is considered a California hazardous 
waste and must be disposed per CA Health & Safety Code Section 25157.8. However, additional analysis 
is needed to determine if the waste is required to be disposed of according to RCRA requirements.  
 
If the TTLC result is between 50 and 1,000 mg/kg (ppm), a Soluble Threshold Limit Concentration 
(STLC) analysis must be conducted to determine the solubility of the lead in the waste per Title 22 CCR. 
The STLC method first places a sample of the waste in a sodium citrate solution, resulting in a dilution 
factor of 10:1. After tumbling for 48 hours, the liquid solution is drained and analyzed to determine the 
lead content.  If the STLC results are more than 5.0 mg/l (ppm) of lead, then the waste must be disposed 
as a non-RCRA hazardous waste in California. Note that the TTLC threshold for disposal as a non-
hazardous waste (<50 mg/kg [ppm]) is derived from multiplying the STLC threshold of <5.0 mg/l (ppm) 
by ten to account for the 10:1 dilution factor in the STLC test.  
 
If the TTLC result is higher than 100 mg/kg (ppm), then a Toxicity Characteristic Leaching Potential 
(TCLP) analysis must be performed in addition to the STLC analysis to determine if the waste material is 
a Federal RCRA waste. As previously described in Section 4.1, if the TCLP results are >5.0 mg/l (ppm), 
then the waste is considered RCRA hazardous waste. The 100 mg/kg (ppm) screening threshold is a result 
of twenty times the TCLP threshold due to the 20:1 dilution factor of the TCLP analysis. 
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5.0 ANALYTICAL METHODS AND LIMITATIONS 

5.1 Asbestos Bulk Sampling Protocol 

EPA defines ACBM in the AHERA (40 CFR Part 763) as any material which contains greater 
than 1 percent asbestos. OSHA defines Asbestos Containing Materials (ACM) in its asbestos in 
construction standards (29 CFR Parts 1910.1001 and 1910.1101) as any material which contains 
greater than 1 percent asbestos. The term ACM is used for any asbestos containing material while 
ACBM is used for building materials that may contain asbestos. Since this survey is concerned 
with determining the asbestos content of building materials the term ACBM is being used. 
However, in regards to the EPA or OSHA law and regulatory applicability, for the purpose of this 
report the two terms are to be considered synonymous. The definition of ACBM as mandated by 
Cal/OSHA and its applicability was previously discussed in Section 4.2.  
 
The ACBM survey and bulk sampling were performed in accordance with the methods outlined 
in the EPA guidance document titled Guidance for Controlling Asbestos-Containing Materials in 
Buildings (Document No. 560/5-85/024).  In addition, bulk sampling of asbestos was performed 
in accordance with 40 CFR Part 763, AHERA requirements for number of samples and types of 
ACBM to be sampled.  According to these requirements, materials are classified as either 
surfacing (e.g., ceiling plaster, wall plaster, spray-applied fireproofing), thermal system insulation 
(e.g., pipe insulation, pipe fitting insulation, boiler insulation), or miscellaneous materials (e.g., 
floor tile, ceiling tile, wallboard). Materials are further grouped as homogeneous materials and 
then the appropriate amount of samples per each homogeneous material are collected as discussed 
below. 
 
As floor tile is a distinct unit of miscellaneous material that is very commonly encountered, for the 
purpose of this survey, floor tile is classified as a separate category. However, the management of floor 
tile typically follows the regulatory guidelines for miscellaneous materials. 
 
The number of samples collected from each homogeneous material varies based on the classification of 
the material and increases as the potential for a non-uniform mixture of asbestos in the material increases. 
Typically, regulations require a minimum number of samples to be collected from the different 
classifications of suspect ACBM, as follows: 
 

 Surfacing Material 

- Three samples from homogeneous areas up to 1,000 square feet 
- Five samples from homogeneous areas between 1,000 and 5,000 square feet 
- Seven samples from homogeneous areas over 5,000 square feet; 

 
 Thermal System Insulation (TSI) 

- Minimum of three samples per homogeneous area or material; and 
 

 Miscellaneous Material 

- Minimum of one samples per homogeneous area or material, but must be sufficient to 
determine asbestos content. Typically, three samples are collected to maintain statistical 
validity. 
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5.2 Lead Paint Chip Sampling Protocol 

 
Two types of lead paint surveys are in use today.  The first, a risk based paint identification survey tests 
every painted surface in a structure and determines the lead content of the paint.  This survey is performed 
using a portable x-ray fluorescence (XRF) meter to determine the paint’s lead content.  This type of 
survey is mandated by the HUD and DPH in cases where it is necessary to determine the health risks 
posed by lead based paint to occupants in a structure due to their continued presence.  Since this survey is 
not being conducted to determine the occupational safety of bridge employees, this type of survey is not 
called for. 
 
The second type of survey performed is a paint chip sample survey.  This survey is conducted by 
collecting physical samples of the representative types of paint in a structure.  These samples are then sent 
to an analytical laboratory for analysis.  This type of survey is mandated by both the Cal/OSHA and the 
DTSC for facilities that will be undergoing demolition or renovation.  DTSC requires this type of survey 
be performed before any painted material can be disposed of following a renovation or demolition project. 
Cal/OSHA requires this type of survey be performed prior to a renovation or demolition activity so that 
worker safety issues may be addressed during the renovation/demolition activity.  
 
As the proposed plans for this structure include demolition, sampling for lead paint by paint chip 
sampling was the method used to determine lead content in paint at the site.  For each area within the 
Bridge structure and approach viaducts, the various different paint schemes were recorded.  Samples were 
collected of each different paint that was used.  The historic paint scheme of the structure was determined 
by scraping off paint until the building material substrate was reached so that the number of paint layers 
and colors of the various paint layers could be revealed.  Once both current and historic paint schemes 
were determined, representative samples of each paint were collected.  Samples of paint in different 
structural elements with like paint schemes were collected to help determine if the same paint was used. 
 

5.3 Sample Collection/Analytical Procedures 

Samples for asbestos were collected by Chris Surdzial, an EPA-certified and State-licensed inspector 
(Certified Asbestos Consultant # 03-3435) and DPH certified Lead Paint Inspector/Risk Assessor and 
Project Monitor (DPH certification number 14751). Samples for lead paint analysis were collected by 
either Mr. Surdzial or Dorothy Knowlton, a California DPH certified Lead Paint Sampling Technician 
(DPH certification number 19550) under the supervision of Mr. Surdzial. Proper safety measures such as 
wetting the material before sampling, cleaning up the area by wet-wiping any resulting residual debris, 
and wearing proper personal protective equipment, were employed.  Coring tools, razor blades, and 
knives were utilized to be certain of sampling the entire thickness of a material.  Paint chip samples were 
collected using a heat gun to soften and lift the paint from the building material it is applied to, followed 
by scraping with a razor blade. If multiple layers of paint were present, sometimes re-application of heat, 
followed by razor scraping were needed until all paint was removed to the substrate material level. 
 
Asbestos samples were each labeled as follows.  Each sample is given a distinct sample identification 
number yet keyed to the structure and the homogeneous material within that structure.  Each sample label 
began with “HM” for Homogeneous Material followed by a number designating the homogeneous 
material.  A dash separates the first part of the sample identification label followed by another number 
which denotes the individual sample number within the homogeneous material.  The individual sample 
numbers started sequentially at one for each different homogeneous material.  Finally, the laboratory 
performing sample analysis sometimes adds a follower label to the end of the field assigned sample 
labels.  This occurs when multiple layers are encountered such as a floor tile (T) and mastic (M) or joint 
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compound (JC) and drywall (DW) submitted in the same sample.  The lab analyzes each layer separately 
even though it is not possible to separate each layer in the field.  
 
Each lead paint chip samples each sample is given the prefix “PC” which stands for “paint chip” to 
separate these samples from asbestos samples submitted to the same lab.  Next a numerical number 
follows the PC and denotes the sampling area from which the sample was collected.  Sampling areas have 
the same general paint theme.  If multiple samples of the same paint are required a dash follows this and 
then another numeral which denotes the paint sample in that sampling area.  The color of the paint 
sampled and any other comments such as multiple lower paint layers were recorded so that the paint 
samples can be representative of an entire paint application layer.  Additionally, each sample (both 
asbestos and lead paint) was labeled with the date and time of collection, sampler’s name, company name, 
and project name and number. 
 
All samples were placed in appropriately labeled airtight containers for shipment to the laboratory.  All 
samples were analyzed by a laboratory certified in the National Voluntary Laboratory Accreditation 
Program (NVLAP) for asbestos and in the National Lead Laboratory Accreditation Program (NLLAP) for 
lead through the California Environmental Lead Laboratory Accreditation Program (ELLAP).  Copies of 
the sampler and laboratory certification forms are provided in Appendix B.  
 
All asbestos bulk and lead paint chip samples were analyzed by the following laboratory: 
 

Laboratory  Accreditation 
LA Testing 
158 Pasadena Avenue 
South Pasadena, California 91030 
(800) 303 - 0047 

NVLAP #200232-0 
ELLAP # 102814 

 
ACBM are defined as suspect materials which have at least one sample containing an asbestos content of 
more than one percent from a homogeneous area set of samples.  Bulk samples from a homogeneous area 
must be found to contain less than one percent of asbestos to be classified as non-asbestos-containing.  
However, as discussed in Section 4.2, CalOSHA has a lower percent threshold of one tenth of a percent 
(0.1%) asbestos and refers to materials that contain greater than 0.1% but less than 1% asbestos as 
ACCM.  
 
Asbestos bulk samples were analyzed by PLM.  PLM analysis has a lower quantification limit of 
approximately 1 percent asbestos content.  PLM analysis can detect levels of asbestos lower than one 
percent but the amount can not be accurately quantified.  Samples that are greater than 0.1% asbestos 
content yet less than 1% asbestos content are defined by the laboratory as “trace” samples.  Samples 
which initially were found to contain trace quantities of asbestos by PLM method can be re-analyzed by 
point count method. Point counting can quantify mineral content below one percent.  This is utilized to 
verify that the sample content is below the regulatory threshold of one percent. 
 
Lead paint chip samples were analyzed for total lead concentration by method SW-846, EPA method 
7420.  The samples were analyzed by flame atomic absorption spectrometry (Flame AAS).  Results are 
reported in units of percent by weight.  Anything at or above 0.06 percent by weight (%/wt) is considered 
a LCP in California and any samples at or above 0.50 %/wt are considered to be LBP. 
 
Additionally, duplicate samples were collected for both asbestos and lead paint samples at an approximate 
frequency of 10% of the samples collected.  These samples were given a unique sample identification 
number and were submitted to the laboratory with the other samples for analysis.  The results were 
compared with those of the parent sample/homogeneous material.  This is done as a Quality Assurance 
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and Quality Control (QA/QC) measure to check the accuracy and precision of the sample analysis by the 
laboratory. 
 

6.0 SUMMARY OF FINDINGS 

6.1 Survey Limitations 

 
All accessible areas within the facility were inspected, including access panels to chases, tower 
mechanical rooms, areas above suspended ceilings, and crawl spaces.  As this is a pre-demolition survey, 
limited destructive sampling methods were utilized to try to evaluate and locate all suspect materials. 
 
Any areas not inspected are listed below: 
 

 Areas within or below the concrete slab foundation; 

 No below water investigations were conducted; 

 No subterranean investigation was conducted; and 

 Any hidden utility chases or spaces between walls and ceiling 

 
Tetra Tech is committed to providing quality consulting services.  However, asbestos and lead paint 
survey work is not an exact science.  The possibility of field and general conditions, beyond Tetra Tech's 
control, that affect our work or that present a concern for the safety of our employees, our consultants, 
building occupants and the public at the site, and insurance constraints, requires that we qualify the 
services we provide with the following limitations. 
 
The findings of this survey, opinions rendered, recommendations and conclusions provided in this survey 
report are only valid for a period of up to one year from the date of this survey report. 
 
Reasonable effort is made by Tetra Tech's personnel to locate and sample all suspect materials.  However, 
for any facility the existence of unique or concealed asbestos-containing materials and debris is a 
possibility.  In addition, sampling and laboratory analysis constraints typically hinder the investigation.  
Tetra Tech does not warrant, guarantee or profess to have the ability to locate or identify all asbestos-
containing materials or to have sampled all paint in a facility. 
 
Confined spaces, and areas determined by Tetra Tech personnel as unsafe to access, are excluded from 
the scope of work. 
 
Tetra Tech does not employ professional cost estimators.  Statements of probable construction cost or cost 
estimates prepared by Tetra Tech represent Tetra Tech's professional opinion of probable costs based 
upon current industry information.  Actual costs may fluctuate due to several variables including, but not 
limited to, the time the work is performed, phasing, labor availability, quantity of work performed, 
product availability, specification requirements, and unforeseeable changes in the economy and asbestos 
regulations. 
 
Tetra Tech is not, and has no responsibility as a generator, operator, treater, storer, transporter, or disposer 
of hazardous materials or waste found or identified as a result of Tetra Tech 's work. 
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Tetra Tech does not guarantee or warrant that the facility or workplace is safe, nor does Tetra Tech's 
involvement in this property relieve the Client, building owner/operator or tenant of any continuing 
responsibility of providing a safe facility or workplace. 
 
This report was based on those conditions observed on the day(s) the field evaluation was accomplished.  
In the event that changes in the nature of the property have occurred, or additional relevant information 
about the property is subsequently discovered, the findings and recommendations contained in this report 
may not be valid unless these changes and additional relevant information are reviewed and the 
conclusion of this report is modified and verified in writing. 
 
This report does not cover any assessment of water damage and any biological growth conditions in or 
around the surveyed structures. 
 

6.2 Non-Asbestos-Containing Building Materials 

The following materials are not sampled (per EPA) because they are not considered suspect asbestos-
containing materials: 
 

 Brick materials (except bricks found within boilers); 

 Ceramic tiles; 

 Cinderblock and marble; 

 Fiberglass insulating materials (yellow and pink colored); 

 Plastic and glass materials; 

 Rubber and synthetic materials including Styrofoam; and 

 Wood materials. 

 
The sampled materials classified as non-asbestos-containing materials based on bulk sampling and 
analytical results are listed in Table 1. 

 
Table 1.  Non-Asbestos-Containing Building Materials 
 

HM # Type Homogeneous Material Location/Comments 

HM1M Miscellaneous Floor tile mastic under HM1 
North control room 
(Duplicate HM10M) 

HM2FT Flooring 
12” square (beige squares 
pattern) floor tile 

North control room 

HM2M Miscellaneous Floor tile mastic under HM2 North control room 

HM4 Roofing Roofing sealant 
On raised seam metal roofing on both 
tower roofs 

HM5 Roofing Multi layer roofing 
On roof of switchgear and mechanical 
room structure 

HM7 Roofing Multi layer roofing On control room roof 



Pre-Demolition Asbestos and Lead Paint Survey Report 

Tetra Tech, Inc. Page 13 of 18 April 23, 2010 
TC1271-39 

 

6.3 Asbestos-Containing Building Materials 

All suspect building materials were sampled and analyzed for asbestos (see Appendices C and D for 
asbestos sample detail tables and laboratory analysis reports). 
 
For this report, ACBM is classified as either friable or non-friable.  The following are the general 
definitions of each: 
 
Friable Material: Any material which, when dry, may be easily crumbled, pulverized, or reduced to 
a powder by hand pressure.  It includes previously non-friable material after it becomes damaged to the 
extent that when dry, it may be crumbled, pulverized, or reduced to a powder by hand pressure. 
 
Non-Friable Material: Any material which, when dry, may not be easily crumbled, pulverized, or 
reduced to a powder by hand pressure. 
 
Non-friable materials are further broken down into the NESHAP designations of Class I and Class II non-
friable materials.  Class I non-friable items consist of non-friable asbestos containing materials such as 
asphalt roofing products, resilient floor coverings, packings, and gaskets. (In general, all non-friable, non-
cementitious materials are considered Class I.) Class II non-friable items consist of materials which are 
non-friable asbestos containing materials that are not Class I materials. (In general, this is limited to 
cementitious materials such as transite, stucco, etc.) 
 
The locations, types, quantities, and friability of ACBM and presumed ACBM identified at the facility are 
listed in Tables 2 and 3.  Field drawings showing sampling locations are presented in Appendix E and 
photographs of asbestos containing materials are presented in Appendix F. 

 
Table 2.  Asbestos-Containing Building Materials 

 

HM # Type Homogeneous Material Location/Comments Quantity Friability 

HM1 
(Dup HM10-1FT) 

Flooring 
12” square (white crackle 
pattern) floor tile 

North control room 64 sq. ft. Cl. I NF 

HM3 
(Dup HM8-1) 

Miscellaneous 
Masonite wall panel 
boards 

On north control room and 
switchgear/storage room walls 
and ceiling 

1,600 sq. ft. Cl. II NF 

HM8 
(Dup HM9-1) 

Roofing Roof penetration mastic 
On control room and 
switchgear/storage room roofs 
 

5 sq. ft. Cl. I NF 

Note: Friability 
F   = Friable 
Cl.1 NF  = Class I Non-Friable 
Cl. II NF= Class II Non-Friable 

Lead Based Paint Analysis Results 

The following table describes the results of all paint chips sampled. Shaded table rows indicate samples 
which were detected above the regulatory threshold and are therefore considered lead-based paint (dark 
shading) or lead containing paint (light shading). The quantity of only the LBP and LCP were estimated 
and listed in the table if they could be estimated.  Due to the complex nature and size of the structure 
certain painted areas such as the exterior and interior structural paints could not have their quantity 
determined, and are marked as such in the table. Copies of the analytical laboratory results are presented 
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in Appendix D. Field drawings showing sampling locations are presented in Appendix E. Representative 
photographs of the lead containing paint are presented in Appendix F. 
 

Table 3: Summary of Paint Chip Sample Analysis Results for Lead Content 
 
(Refer to Appendix D for laboratory analysis results and individual sample results) 

Sample 
Number 

Description Location Condition 
Analytical  

Results  
(% by wt) 

Approximate 
Quantity  
(Only LBP or LCP) 

PC1-1  
Green exterior 
structural paint 

Under east side span 0-1 Intact  0.81  (LBP) 
Could not be 
estimated 

PC1-2 
Green exterior 
structural paint 

Under west side span 5-6 Peeling 0.26 (LCP) 
Could not be 
estimated 

PC1-3 
Green exterior 
structural paint 

Under east side span 7-8 Peeling  0.51 (LBP) 
Could not be 
estimated 

PC1-4 
Green exterior 
structural paint 

Under west side span 9-10 Peeling  0.31 (LCP) 
Could not be 
estimated 

PC1-5 
Green exterior 
structural paint 

Under east side span 13-14 Peeling  0.38 (LCP) 
Could not be 
estimated 

PC1-6 
Green exterior 
structural paint 

On ramp under west across 
span 13 

Peeling  0.11 (LCP) 
Could not be 
estimated 

PC1-7 
Green exterior 
structural paint 

On ramp under east across 
span 15 

Peeling  0.37 (LCP) 
Could not be 
estimated 

PC1-8 
Dup PC33-1 

Green exterior 
structural paint 

Under west side span 15-16 Peeling 
 0.20 (LCP) 
0.24 (LCP) 

Could not be 
estimated 

PC1-9 
Green exterior 
structural paint 

Off ramp under east across 
span 15-16 

Peeling  0.032  N/A 

PC1-10 
Green exterior 
structural paint 

Off ramp under west across 
span 18 

Peeling  3.3 (LBP) 
Could not be 
estimated 

PC1-11 
Green exterior 
structural paint 

Under west side span 23-24 Peeling  0.0290  N/A 

PC1-12 
Green exterior 
structural paint 

Upper structure Peeling 0.19 (LCP)  
Could not be 
estimated 

PC1-13 
Green exterior 
structural paint 

Upper structure Peeling 3.3 (LBP)  
Could not be 
estimated 

PC1-14 
Green exterior 
structural paint 

Under span 31-32 Peeling 16 (LBP)  
Could not be 
estimated 

PC1-15 
Green exterior 
structural paint 

Under span 29-30 Peeling 2.8 (LBP)  
Could not be 
estimated 

PC1-16 
Green exterior 
structural paint 

Under span 34-35 Peeling 5.1 (LBP)  
Could not be 
estimated 

PC1-17 
Green exterior 
structural paint 

Under span 38-39 Peeling 6.0 (LBP)  
Could not be 
estimated 

PC1-18 
Green exterior 
structural paint 

Under span 43-44 Peeling 17 (LBP)  
Could not be 
estimated 

PC1-19 
Green exterior 
structural paint 

Upper structure span 27-28 Peeling 9.3 (LBP)  
Could not be 
estimated 

PC1-20 
Green exterior 
structural paint 

Catwalk span 27-28 Peeling 8.0 (LBP)  
Could not be 
estimated 

PC1-21 
Green exterior 
structural paint 

Catwalk span 27-28 Peeling 2.9 (LBP)  
Could not be 
estimated 

PC1-22 
Green exterior 
structural paint 

Catwalk span 27-28 Peeling 0.42 (LCP)  
Could not be 
estimated 

PC1-23 
Green exterior 
structural paint 

Catwalk north side Peeling 0.076 (LCP)  
Could not be 
estimated 

PC1-24 
Green exterior 
structural paint 

Catwalk south side Peeling 3.2 (LBP)  
Could not be 
estimated 

PC1-25 
Green exterior 
structural paint 

Catwalk south side Peeling 0.96 (LBP)  
Could not be 
estimated 
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Sample 
Number 

Description Location Condition 
Analytical  

Results  
(% by wt) 

Approximate 
Quantity  
(Only LBP or LCP) 

PC1-26 
Green exterior 
structural paint 

Catwalk south side Peeling 0.067 (LCP)  
Could not be 
estimated 

PC1-27 
Green exterior 
structural paint 

Upper structure Peeling 2.4 (LBP)  
Could not be 
estimated 

PC1-28 
Dup PC28-1 

Green exterior 
structural paint 

Upper structure Peeling 
0.44 (LCP)  
0.42 (LCP) 

Could not be 
estimated 

PC1-29 
Green exterior 
structural paint 

Upper structure Peeling 1.2 (LBP)  
Could not be 
estimated 

PC1-30 
 

Green exterior 
structural paint 

Upper structure Peeling 
8.6 (LBP) 

 
Could not be 
estimated 

PC2-1 Gold guardrail paint East side span 0-1 Intact 0.38 (LCP) 
Could not be 
estimated 

PC2-2 Gold guardrail paint West side span 5-6 Intact 0.71 (LBP) 
Could not be 
estimated 

PC2-3 Gold guardrail paint East side span 7-8 Intact 0.36 (LCP) 
Could not be 
estimated 

PC2-4 Gold guardrail paint West side span 9-10 Intact 0.32 (LCP) 
Could not be 
estimated 

PC2-5 Gold guardrail paint East side span 13-14 Intact 0.35 (LCP) 
Could not be 
estimated 

PC2-6 Gold guardrail paint 
On ramp west across span 
13 

Intact 0.30 (LCP) 
Could not be 
estimated 

PC2-7 Gold guardrail paint 
On ramp east across span 
15 

Intact 0.23 (LCP) 
Could not be 
estimated 

PC2-8 Gold guardrail paint West side span 15-16 Intact 0.22 (LCP) 
Could not be 
estimated 

PC2-9 Gold guardrail paint 
Off ramp east across span 
15-16 

Intact 0.22 (LCP) 
Could not be 
estimated 

PC2-10 Gold guardrail paint 
Off ramp west across span 
18 

Intact 0.40 (LCP) 
Could not be 
estimated 

PC2-11 Gold guardrail paint West side span 23-24 Intact 0.45 (LCP) 
Could not be 
estimated 

PC2-12 Gold guardrail paint Under span 31-32 Intact 0.19 (LCP) 
Could not be 
estimated 

PC2-13 Gold guardrail paint Under span 29-30 Intact 1.3 (LBP) 
Could not be 
estimated 

PC2-14 Gold guardrail paint Under span 34-35 Intact 1.8 (LBP) 
Could not be 
estimated 

PC2-15 Gold guardrail paint Under span 38-39 Intact 0.54 (LBP) 
Could not be 
estimated 

PC2-16 Gold guardrail paint Under span 43-44 Intact 1.4 (LBP) 
Could not be 
estimated 

PC3-1 
White guardrail 
paint 

Traffic guard arm Span 25 Intact 1.1 (LBP) 
Could not be 
estimated 

PC3-2 
White guardrail 
paint 

Near span 25 stairway Intact 1.1 (LBP) 
Could not be 
estimated 

PC3-3 
Dup PC34-1 

White guardrail 
paint 

Near span 25 stairway Peeling 
0.22 (LCP) 
0.20 (LCP) 

9,000 sq. ft. total 

PC3-4 
White guardrail 
paint 

Near span 25 stairway Peeling 0.18 (LCP) 9,000 sq. ft. total 

PC3-5 
White guardrail 
paint 

Near span 25 Peeling 0.39 (LCP) 9,000 sq. ft. total 

PC3-6 
White guardrail 
paint 

Near span 29 Peeling 0.16 (LCP) 9,000 sq. ft. total 

PC3-7 
White guardrail 
paint 

Near span 29 Peeling 0.29 (LCP) 9,000 sq. ft. total 
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Sample 
Number 

Description Location Condition 
Analytical  

Results  
(% by wt) 

Approximate 
Quantity  
(Only LBP or LCP) 

PC3-8 
White guardrail 
paint 

Near span 29 Peeling 0.77 (LBP) 9,000 sq. ft. total 

PC4-1 Yellow traffic arm West side span 25 Intact 14.0 (LBP) 10 sq. ft. 
PC5-1 Tan traffic arm box West side span 25 Intact 0.91 (LBP) 75 sq. ft. 

PC6-1 
Green stairway 
hatch 

Near span 25 Peeling 8.6 (LBP 40 sq. ft. 

PC7-1 
Dup PC31-1 

Green stairway 
handrails 

Span 25 stairwell 
Mostly 
intact 

4.6 (LBP) 
3.7 (LBP) 

100 sq. ft. 

PC8-1 
Green stairwell 
entry door 

Span 25 stairwell Intact 9.6 (LBP) 50 sq. ft. 

PC9-1 Green stair landing  
Span 25 stairwell exterior 
landing 

Intact 0.15 (LCP) 200 sq. ft. 

PC10-1 
Gray wood utility 
cabinet paint 

Span 25 under concrete 
footing 

Peeling 3.6 (LBP) 100 sq. ft. 

PC11-1 
Dup PC36-1 

Gray paint on 
support column 

Applied to span 24 pillar 
over graffiti 

Intact 
0.34 (LCP) 
0.36 (LCP) 

50 sq. ft. at this 
location  
Could not estimate 
total use 

PC12-1 White paint Traffic control arm Intact 0.027 N/A 
PC13-1 Red paint Traffic control arm Intact 0.023 N/A 
PC14-1 
Dup PC32-1 

White center 
guardrail paint 

Main bridge section Peeling 
6.6 (LBP) 
6.6 (LBP) 

5,000 sq. ft total 

PC14-2 
White center 
guardrail paint 

Main bridge section Peeling 6.5 (LBP) 5,000 sq. ft total 

PC14-3 
White center 
guardrail paint 

Main bridge section Peeling 10.0 (LBP) 5,000 sq. ft total 

PC15-1 
Yellow traffic 
marking paint 

On road bed dividing lanes Intact 0.47 (LCP) 
Could not be 
estimated 

PC16-1 
Green north 
stairwell door paint 

North pier stairwell hatch 
door near span 29 

Intact 0.11 (LCP) 75 sq. ft. 

PC17-1 
Yellow paint on pop 
ups  

North traffic barricade pop 
ups- span 27-28 

Intact 6.8 (LBP) 1,000 sq. ft total 

PC17-2 
Dup PC35-1 

Yellow paint on pop 
ups 

South traffic barricade pop 
ups- span 26-27 

Intact 
4.8 (LBP) 
3.4 (LBP) 

1,000 sq. ft total 

PC18-1 
Silver interior 
structure paint 

North tower span 27-28 Peeling 0.11 (LCP) 
Could not be 
estimated 

PC18-2 
Silver interior 
structure paint 

North tower near control 
room 

Intact 0.086 (LCP) 
Could not be 
estimated 

PC18-3 
Dup PC30-1 

Silver interior 
structure paint 

North tower top mechanical 
room 

Peeling 
24.0 (LBP) 
22.0 (LBP) 

Could not be 
estimated 

PC18-4 
Silver interior 
structure paint 

South tower top mechanical 
room 

Peeling 10.0 (LBP) 
Could not be 
estimated 

PC19-1 
Yellow machine 
guard paint 

North tower machinery 
guards 

Intact 7.5 (LBP) 
500 sq. ft. (North 
tower only) 

PC19-2 
Yellow machine 
guard paint 

South tower machinery 
guards 

Intact 0.039 N/A 

PC20-1 Gray floor paint 
North tower top machinery 
room 

Intact 16.0 (LBP) 6,000 sq. ft total 

PC20-2 Gray floor paint 
South tower top machinery 
room 

Intact 5.4 (LBP) 6,000 sq. ft total 

PC21-1 
Gray machinery 
paint 

North top mechanical room Intact 8.4 (LBP) 1,000 sq. ft. 

PC22-1 
Dup PC29-1 

Green roof paint North tower metal roof Intact 
<0.010  
0.012 

N/A 

PC22-2 Green roof paint South tower metal roof Intact 0.11 (LCP) 6,000 sq. ft. total 

PC23-1 
White machinery 
paint 

North tower top mechanical 
room 

Peeling <0.010 N/A 
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Sample 
Number 

Description Location Condition 
Analytical  

Results  
(% by wt) 

Approximate 
Quantity  
(Only LBP or LCP) 

PC23-2 
White machinery 
paint 

South tower top mechanical 
room 

Peeling 0.26 (LCP) 1,000 sq. ft. 

PC24-1 
Cream elevator 
interior paint 

North tower elevator Intact 0.011 N/A 

PC25-1 
Yellow handrail 
paint 

North tower Intact 3.4 (LBP) 300 sq. ft total 

PC25-2 
Yellow handrail 
paint 

South tower Intact 0.78 (LBP) 300 sq. ft total 

PC26-1 Gray door paint 
Switchgear and 
maintenance storage rooms 

Intact 0.012 N/A 

PC27-1 Gray wall paint 
Switchgear and 
maintenance storage rooms 

Intact 1.5 (LBP) 5,000 sq. ft. 

Notes: 
LBP = Lead Based Paint >0.5 % by weight 
LCP = Lead Containing Paint >0.06% by weight 
Dup = duplicate quality assurance/ quality control (QA/QC) sample 
PC = Paint chip 
N/A = Not applicable 
Sq. ft. = Square feet 
% by wt = percent by weight 
 

Painted areas were determined homogeneous through visual inspection and multiple samples of these 
areas were collected across the whole structure to give a representative sampling of the paint applied to 
the entire surveyed structure.  Although the lead levels on some samples varied, the determination of 
whether the paint is considered as LBP or LCP must use the maximum lead level observed for that paint. 
 

 

7.0 CONCLUSION/RECOMMENDATIONS 

Asbestos 
 
All materials that were found to contain asbestos in the Bridge were classified as ACBM, with no ACCM 
found. Further, the ACBM found was all non-friable materials, which pose much less of a hazard in their 
removal than do friable materials. The proposed demolition work will disturb the ACBM, so these 
materials must be removed prior to commencement of the demolition process. This removal must be 
conducted in conformance with all applicable Federal, State, and Local regulations by appropriately 
trained and certified personnel and contractors. The abatement contractor must be registered with DOSH 
and have an ASB-certification on their contractor’s license issued by CSLB. All abatement contractor 
workers must have certified training and be registered with DOSH. A trained and DOSH certified 
supervisor must be on site at all times while abatement activities are being conducted. SCAQMD and 
CalOSHA must be notified of the abatement activity using the proper forms at the required interval prior 
to the start of work. 
 
 The material removed must be handled, labeled, stored and transported in accordance with Local, State 
and Federal requirements.  The ACBM must be segregated after removal and be disposed of separately 
from other construction debris at a landfill authorized to accept asbestos.  Failure to properly segregate 
ACBM from other construction debris can result in the entire waste stream to be disposed of as ACBM.  
This can result in much higher disposal costs. 
 
Lead Paint 
 
The majority of the paint on the Bridge is either LBP or LCP; therefore special procedures are required to 
ensure that the health and safety of the demolition workers is protected and to prevent contamination of 
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the surrounding environment. CalOSHA considers both LCP and LBP to pose a hazard to workers who 
will disturb the paint while conducting the demolition activities. By CalOSHA standard, any paint that is 
at or higher than 0.06% by weight in lead content is considered lead containing paint and worker 
protection measures including monitoring, proper PPE, specific work practices, dust control measures 
such as containment, and worker and contractor training and registration must be implemented if the paint 
is to be disturbed through renovation or demolition activities.  All removal and stabilization must be 
conducted by certified lead abatement contractors. Monitoring should be implemented while demolition is 
being done to ensure that workers are not being exposed above regulatory PEL. 
 
Prior to demolition activities, at a minimum, all peeling and chipping paint must be removed and the paint 
chips disposed of as hazardous waste prior to building demolition.  Measures such as paint stabilization 
must be taken to ensure that the paint will not continue to peel or chip off as the demolition is conducted 
and efforts should be taken to protect the surrounding ground surfaces and the Cerritos Channel below the 
Bridge from any paint that may come off in the demolition process.  Removal of all paint prior to 
demolition would be the most conservative approach.  However, full removal may not be necessary 
because, once peeling paint has been removed and remaining paint stabilized, the demolition waste may 
not exceed California waste thresholds.  Full removal of paint may be necessary from some areas so that 
the demolition can be conducted where otherwise the presence of the paint may prevent the demolition 
process or the demolition activity might cause the paint to and spread into the surrounding environment.  
 
Due to the condition of the painted components/surfaces at this site, there is a potential for surface 
contamination (soils, grounds, and water) at the base of the piers, below the viaduct structures, and below 
the bridge area over both solid ground and the Cerritos Channel.  Special procedures will be required to 
ensure that paint chips and flakes are captured to protect the Cerritos Channel or onto the ground below. 
This issue must be addressed when remediation/demolition activities are planned at the facility and 
abatement plans and specifications should contain these measures.  
 
Waste stream testing must be conducted to ensure proper disposal. In California, for waste purposes, 
regardless of the classification of the paint as LCP or LBP, it is considered as a California hazardous 
waste at a level of 0.1% (1,000 ppm) and must be disposed of as such if the composite samples exceed 
this level. Demolition waste should be segregated into three groups, construction debris, debris with lead 
containing paint (at or above 0.06 %/wt lead content), and debris with RCRA lead-based paint (at or 
above 0.50 %/wt lead content).  Composite samples of the demolition waste should be collected and 
analyzed for lead content as discussed previously is Section 4.2 by TTLC, then STLC, and finally TCLP 
methods to characterize it for disposal.  By segregating the waste prior to characterization for disposal, 
contamination of clean construction debris is avoided. 
 
Since a large majority of the bridge structure is constructed of steel, this material is potentially recyclable 
as a scrap metal. Even though the steel is coated with LBP or LCP, and may be classified as a California 
or Federal RCRA hazardous material, there are Federal and State regulations that provide exemptions 
from waste disposal restrictions for recycled materials. These exclusions are defined in 40 CFR Sections 
261.1, 261.4 and 261.6 and Title 22 CCR Sections 66260.10 and 66261.6.  These exclusions allow the 
steel to be recycled and the paint will not be considered to be a hazardous waste. Until the point of 
recycling, however, procedures remain the same. The same work procedures, monitoring, PPE, and 
training and contractor certifications still apply during demolition. The painted structural elements still 
need to be stabilized or have paint removed to ensure that paint will not continue to fall off while the steel 
elements are being transported for recycling.  The recycler may accept these materials due to the 
exemptions, but they are in no way mandated by these regulations to accept the LBP or LCP coated scrap 
metal for recycling and it is at their discretion if they choose to do so. The intended recycler will need to 
be contacted and notified that the steel is coated with LBP and LCP paint prior to shipping. The recycler 
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may also have special packaging or transportation procedures to ship these materials to them for 
recycling.  
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GLOSSARY 
 
AIHA:  American Industrial Hygiene Association. 
 
Air Monitoring:  The process of measuring the airborne fiber content of a known volume of air collected 
during a specific period of time.  The acceptable procedure for airborne asbestos measurement by Phase 
Contrast Microscopy (PCM) is the OSHA reference method specified in Appendix A of 29, CFR 
1926.1101.  The acceptable procedure for airborne asbestos measurement by transmission electron 
microscopy (TEM) is the method specified in Electron Microscope Measurement of Airborne Asbestos 
Concentrations (EPA Report 500/2-77-178 (Rev. 1978) and EPA Contract No. 68-02-3266 (1984)). 
 
Asbestos:  Any hydrated mineral silicate separable into commercially usable fibers, including, but not 
limited to, chrysotile, amosite, crocidolite, tremolite, anthophyllite, and actinolite. 
 
Asbestos Abatement:  Procedures to control fiber release from asbestos-containing materials, including 
removal, encapsulation, enclosure, repair, demolition, and renovation activities. 
 
Asbestos Abatement Contractor:  An individual and/or business properly licensed and certified to 
perform asbestos abatement.  The contractor is responsible for the proper completion of project activities 
in accordance with Federal, state, and local regulations. 
 
Asbestos-Containing Building Material (ACBM):  Material composed of asbestos of any type in an 
amount greater than 1 percent by weight, either alone or mixed with other fibrous or non-fibrous 
materials.  For the purposes of this document the terms ACM (asbestos-containing material) and ACBM 
are used interchangeably. 
 
Asbestos-Containing Material (ACM):  Any material containing more than 1 percent asbestos.  For the 
purposes of this document the terms ACBM (asbestos-containing building material) and ACM are used 
interchangeably. 
 
Asbestos Hazard Emergency Response Act (AHERA):  An EPA regulation published in the October 
30, 1987, Federal Register covering asbestos-containing materials in schools. 
 
Asbestos Survey:  The survey of a building or portion of a building for the determination of the location 
of all ACBM present.  An asbestos survey usually includes the collection of bulk samples for analysis by 
a laboratory. 
 
Bulk Material Sample:  A representative sample of a material collected by an inspector for asbestos 
analysis. 
 
Condition Assessment:  The determination of a material’s overall condition and potential risk.  The 
following information is typically included in an assessment: a description of any physical damage, water 
damage, delamination, etc.; degree of accessibility of the material; degree of activity near the material; 
and location in or near an air plenum or other HVAC (heating, ventilation, and air conditioning) 
equipment. 
 
Demolition:  The tearing down, wrecking, or removal of portions or all of a facility. 
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Destructive Surveying:  The limited exploratory demolition of chases, walls, ceiling cavities, etc., for the 
purposes of identifying all previously hidden and inaccessible ACBM in an area. 
 
Deterioration:  The condition of ACBM in which the integrity of the material worsens.  Deterioration 
includes physical damage, water damage, air erosion, and delamination of a material. 
 
ELAP:  Environmental Laboratory Approval Program. 
 
EPA:  United States Environmental Protection Agency. 
 
EPA Green Book:  Managing Asbestos in Place, A Building Owner’s Guide to Operations and 
Maintenance Programs for Asbestos-Containing Materials; the latest EPA guidance on asbestos, issued 
in July 1990. 
 
EPA Pink Book:  Asbestos in Buildings:  Simplified Sampling Scheme for Friable Surfacing Materials; 
available on the Postal Service’s internal environmental web site. 
 
EPA Purple Book:  Guidance for Controlling Asbestos-Containing Materials in Buildings; available on 
the Postal Service’s internal environmental web site. 
 
Exploratory Demolition:  The limited demolition of walls, chases, building components, etc., for the 
purposes of inspecting an area which was previously inaccessible.  Demolition is usually limited to the 
extent necessary to provide an opening for visual survey. 
 
Friable Asbestos:  ACBM that, when dry, may be easily crumbled, pulverized, or reduced to powder by 
hand pressure; includes previously non-friable material after it becomes damaged to the extent that when 
dry, it may be crumbled, pulverized, or reduced to powder by hand pressure. 
 
Functional Area:  The basic unit used to describe locations within a facility where assessment data is 
collected.  A functional area may be a room, crawl space, hallway, or other location within a facility. 
 
Hazard Rank:  a method of ranking hazards from most to least hazardous. 
 
HEPA Filter:  A high-efficiency particulate air (HEPA) filter capable of removing particles 0.3 micron 
or larger in diameter with 99.97 percent efficiency. 
 
HEPA Vacuum:  A vacuum system equipped with HEPA filtration. 
 
Homogeneous Materials:  Material types which are uniform in texture, color, and function and which 
appear to be identical in all other respects. A homogeneous material may span several functional areas. 
 
Heating, Ventilating, and Air Conditioning Systems (HVAC):  Any equipment, ducts, pipes, chillers, 
boilers, heaters, fans, or air conditioners used to condition or filter air in a building. 
 
Inaccessible Areas:  All areas that cannot be reached without first removing major components, 
including walls, ceilings, and flooring, to access the ACBM located in those areas. 
 
Miscellaneous Material:  Any suspect asbestos-containing material on structural components, structural 
members, or fixtures, such as floor and ceiling tiles, mastics, transite, etc.;  does not include surfacing 
material or thermal system insulation. 
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NIST:  National Institute of Standards and Technology. 
 
Non-Friable Asbestos:  ACBM that, when dry, may not be crumbled, pulverized, or reduced to powder 
by hand pressure. 
 
NOB:  Non-Friable Organically Bound material such as floor tile, mastics, roofing materials, etc. 
 
NVLAP:  National Voluntary Laboratory Accreditation Program. 
 
OSHA:  Occupational Safety and Health Administration, U.S. Department of Labor. 
 
Personal Protective Equipment (PPE):  Includes items such as HEPA filtered respirators, disposable 
protective clothing, gloves, boots, etc. 
 
Phase Contrast Microscopy (PCM):  Optical analytical method for determining fiber concentrations in 
air.  Does not distinguish among asbestos and other fibers. 
 
Plenum:  A building space utilized to transport air commonly found below ground or above drop 
ceilings. 
 
Polarized Light Microscopy (PLM):  An optical method used to analyze bulk or wipe samples that 
utilizes polarized light and dispersion staining. 
 
Quantification:  A means of estimating the amounts of ACBM in an area, and usually reported as square 
feet, linear feet, or number of units.  Quantification is typically performed in the field, but in some cases 
can be performed by estimating from scaled drawings (e.g., quantities of floor covering can be estimated 
readily from scaled drawings where certain pipe fittings and insulation are more readily estimated in the 
field). 
 
Renovation:  Altering in any way one or more facility components. 
 
Substrate Material:  Refers to the underlying material or component to which the ACBM is attached 
(e.g., metal doors, concrete floors, steel beams). 
 
Surfacing Material:  Any material that is sprayed-on, trowelled-on, or otherwise applied to surfaces for 
acoustical, fireproofing, decorative, or other purposes. 
 
Suspect Asbestos-Containing Material:  Any material which is suspect for containing asbestos and 
which must be sampled to determine asbestos content, if any.  Appendix G of the EPA Guidance 
Document 20T-2003 (“Green Book”) contains a partial list of all suspect ACBM. Some common 
materials which are suspect ACBM include plaster, pipe insulation, floor tile, etc. Materials which are not 
considered suspect include fiberglass, wood, plastic, etc. 
 
Thermal System Insulation (TSI):  Any material applied to pipes, fittings, boilers, breeching, tanks, 
ducts, or other interior structural components to prevent heat loss or gain, or water condensation, or for 
other purposes. 
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Transmission Electron Microscopy (TEM):  Analytical method using an electron microscope for the 
purposes of identifying and analyzing the concentration of airborne or bulk asbestos fibers and structures, 
if any.  The TEM method distinguishes among asbestos and other materials and can detect smaller 
asbestos fibers than does the PCM or PLM method. 
 
Type:  The term "Type" is used to define the type of suspect asbestos-containing building material where 
S=Surfacing, T=Thermal Systems Insulation, M=Miscellaneous, and F=Flooring. 
 
Visible Suspect ACBM Debris:  Any debris which contains either asbestos-containing or suspect ACBM 
material that is visually detectable without the aid of instruments. 
 
X-Ray Diffraction (XRD):  Analytical method which analyzes the dispersive spectrum of the various 
asbestos mineral forms.  It is a useful analytical method or bulk sample analyses.  The minimum detection 
limit for this technique is approximately 1%.  XRD is unable to separate out fibrous portions from non-
fibrous portions.  TEM should be used when discrete analysis is required. 
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SAMPLER AND LAB CERTIFICATION FORMS 
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ASBESTOS BULK SAMPLE DETAILS 

 
 



 

 

  Appendix B  

BULK SAMPLE RESULTS SUMMARY  
 

(See laboratory bulk sample analysis results in Appendix C for individual sample results) 
 

Sample Number Type 
Homogeneous 

Material 
Location Tested 

Peak
% 

Type 
Test 

Method 
Comments 

HM1FT-1,2,3 
HM10FT-1(Dup of HM1FT-1) 

Flooring 
12” White crackle 
pattern floor tile 

North control room T 5 Chrysotile PLM   

HM1M-1,2,3 
HM10M-1(Dup of HM1M-1) 

Flooring 
Floor tile mastic 
under HM1 

North Control Room T N/D None PLM  

HM2FT-1 Flooring 
12” beige squares  
pattern floor tile 

North control room T N/D None PLM   

HM2M-1 Flooring 
Floor tile mastic 
under HM2 

North Control Room T N/D None PLM   

HM3-1,2,3,4,5,6 
HM8-1 (Dup of HM3-4) 
  

Miscellaneous 
Masonite wall 
board panels 

North control room 
walls and ceiling and 
switchgear and 
mechanical storage 
room wall dividers 

T 20 Chrysotile PLM  

HM4-1,2,3 Roofing Roofing sealant 
North and South tower 
metal roof sealant 

T N/D None PLM  

HM5Roofing-1,2,3 Roofing Multi layer roofing 
Mechanical storage and 
switchgear roof 

T N/D None PLM  

HM5Tar- 1,2,3 
 

Roofing Multi layer roofing 
Mechanical storage and 
switchgear roof 

T N/D None PLM  

HM6-1,2,3 
HM9-1 (Dup of HM6-3) 

Roofing 
Roof Penetration 
Mastic 

Control room and 
switchgear/storage 
room roofs 

T 5 Chrysotile PLM  

HM7-1,2,3 
 

Roofing Multi layer roofing Control room roof T N/D None PLM  

Notes:  
HM(in sample number)= Homogeneous Material 
M(in sample number)= Mastic 
N/A = Not Applicable 
N/D = Not Detected 
NT = Not Tested 
PLM = Polarized Light Microscopy 
T (in sample number) = Floor Tile 
T = Tested 
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LABORATORY SAMPLE ANALYSIS REPORTS 
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APPENDIX D1 

ASBESTOS BULK SAMPLE LABORATORY ANALYSIS RESULTS 
 
 
 



 

 

Appendix D 

 
APPENDIX D2 

LEAD PAINT CHIP SAMPLE LABORATORY ANALYSIS RESULTS 
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SITE DRAWINGS 
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1' - 3.5' DRO 
1' - 6 Lead (soluble 44 mg/l), VOCs 
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0 '  equivaient to surface level 

2 columns for 58103 2 
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EXECUTIVE SUMMARY 

The Alameda Corridor Transportation Authority (ACTA) authorized Ninyo & Moore to conduct 

a limited subsurface investigation (LSI) for the Commodore Schuyler F. Heim Bridge Replace-

ment Project. The site is an approximate 6,000-foot long section of SR-47 that begins at West 

Ocean Boulevard on the south and extends to SR-103 on the north. The site includes the 

Schuyler Heim Bridge and its northern and southern approaches. The portion of the site south of 

the Cerritos Channel, including the Schuyler Heim Bridge and its northern approaches, is in the 

city of Long Beach, Los Angeles County, California. The portion of the site north of the Cerritos 

Channel, including the southern approaches of the Schuyler Heim Bridge, is in the city of Los 

Angeles, Los Angeles County, California. The site has been developed with the existing SR-47 and 

the Schuyler Heim Bridge beginning with construction in approximately 1947 until present day. Prior 

to the construction of the Schuyler Heim Bridge and SR-47, the site was primarily a road (Henry 

Ford Avenue). Based on this information there is a high likelihood that soil underlying the existing 

SR-47 and right of way (ROW) areas along SR-47 have been impacted with aerially deposited lead 

(ADL). Additionally the painted lines, markings, and pavement legends are likely to contain ele-

vated concentrations of lead and hexavalent chromium. The historic presence of railroad tracks 

adjacent to the site presents a potential for lead, arsenic, and chromium contamination in the soil. 

Based on the condition of the bridge and approaches, there is also a potential for soil contamina-

tion from lead based paint (LBP) on the bridge and approaches.  

The portion of the site north of the Cerritos Channel and east of the Schuyler Heim Bridge ap-

proach was developed as the Ford Motor Company’s Long Beach assembly plant (Pier A) from 

prior to 1949 to some time prior to 1969, at which time it was replaced as a port terminal. Based 

on the site uses and the listings on the database report for this property, there is a likelihood that 

soil and groundwater located in the portion of the site north of the Cerritos Channel and east of 

the SR-47 may be impacted with solvents and petroleum hydrocarbons historically used in the 

automobile manufacturing industry.  

The site vicinity has been used primarily for industrial and manufacturing purposes, and largely 

for oil field activities. The site vicinity has several oil and gas wells adjacent to the project area. 
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Based on this information, there is a high likelihood that soil underlying and adjacent to the site 

is impacted with petroleum hydrocarbons.  

Two plugged and abandoned oil wells appear to be within the project area, on the portion of the 

site south of the Cerritos Channel and east of the bridge approach. The existence of abandoned or 

active oil wells with piping is considered an environmental concern. A large diameter gasoline 

pipeline was observed aboveground running along the southwestern portion of the site between the 

railroad tracks and the Schuyler Heim Bridge approaches. 

The objectives of the LSI as described in the ACTA-approved LSI Work Plan, dated July 9, 2010 

and prepared by Ninyo & Moore are to evaluate health and safety concerns and waste manage-

ment options through the collection of soil, surface water, and groundwater samples. This draft 

report discusses the results of the soil sampling; groundwater sampling results is discussed in a 

separate draft report and the two reports will be combined when finalized. 

In accordance with the approved LSI work plan, soil samples were collected from 39 direct-push 

borings and 18 hand-augered borings for a total of 57 borings. The direct-push borings were ad-

vanced at the base of the mechanically stabilized earth (MSE) walls, accessible bridge bents, 

areas of utility relocations, backfill areas, railroad track relocations, and new off ramp areas. The 

hand-augered borings were used to obtain soil samples from areas inaccessible to a direct-push 

drill rig, including: the middle section of the MSE walls, sloped areas with MSE walls, and areas 

adjacent to the current off ramp. Depth to groundwater was approximately 3 to 4 feet below 

ground surface (bgs) at level ground adjacent to the northern and southern bridge approaches and 

approximately 5.5 to 20 feet bgs along SR-47 north of the Cerritos Channel. 

The field sampling for the LSI was conducted on July 7, 9, and 12 through 16, 2010, by Ninyo & 

Moore in general accordance with the ACTA-approved LSI Work Plan dated July 9, 2010, and 

included boring mark out and advancing and sampling a total of 57 soil borings.  

The boreholes were advanced and sampled by CoreProbe International, Inc. (CoreProbe), of 

Rosemead, California, and StrongArm Environmental Field Services (StrongArm), of Norwalk, 
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California using a hand-auger and slide hammer for the first 5 feet bgs, followed by hydraulic 

direct-push methods from 5 feet bgs to total depths of up to approximately 21 feet bgs. 

This LSI evaluated the presence of possible contaminants that might exceed acceptable regula-

tory levels the Regional Water Quality Control Board (RWQCB) uses to determine the threat to 

groundwater from nonhalogenated hydrocarbons, the United States Environmental Protection 

Agency (EPA) Regional Screening Level for industrial properties (RSLi), California Human 

Health Screening Levels (CHHSLs) for commercial/industrial use (CHHSLi), and hazardous 

waste levels for disposal at landfills.  

The following presents a summary of the findings and conclusions of the LSI:  

• Depth to groundwater was approximately 3 to 4 feet bgs at level ground adjacent to the 
northern and southern bridge approaches and approximately 5.5 to 20 feet bgs along SR-47 
north of the Cerritos Channel. 

• A total of 177 soil samples were collected and analyzed from 57 borings. Of these 177 soil 
samples (including 15 duplicate samples), 149 samples were analyzed for total petroleum 
hydrocarbons as gasoline (TPHg), total petroleum hydrocarbons as diesel and oil (TPHd) 
and total petroleum hydrocarbons as oil (TPHo), semi-volatile organic compounds (SVOCs), 
CAM 17 Metals, and pH in general accordance with EPA Methods, 8015M/5035, 8015M, 
8270C, 6010B/7471, and 9045, respectively. Eighty-three (including three duplicate sam-
ples) of the 177 soil samples were analyzed for volatile organic compounds (VOCs) plus 
oxygenates by EPA Method 8260B/5035. Twenty-eight of the 177 samples were analyzed 
for total lead by EPA Method 6010B. 

• Detectable concentrations of VOCs were not reported in the samples analyzed at the site, 
with the exception of chloromethane in the duplicate sample collected from boring D23 at 5 
feet bgs. 

• Of the 177 soil samples analyzed for lead, 15 samples were analyzed for soluble lead in gen-
eral accordance with the Waste Extraction Test (WET) method using both citric acid and de-
ionized (DI) water as the extractant. The same 15 samples were also analyzed in accordance 
with the Toxicity Characteristic Leaching Procedure (TCLP).  

• Three soil samples analyzed for chromium were analyzed for soluble chromium in general 
accordance with the WET method using citric acid as the extractant. [2 results pending] 

• One primary and one duplicate soil sample were collected from boring DP24 due to its close 
proximity to a bank of transformers and analyzed for polychlorinated biphenyls (PCBs) by 
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EPA Method 8082. Detectable concentrations of PCBs were not reported either of the two 
samples analyzed 

• Detectable concentrations of TPHg (C4-C12) were not reported in the samples analyzed. 
Concentrations above the maximum soil screening levels (MSSL) of 100 milligrams per 
kilogram (mg/kg) of TPHd (C13-C22) for soils less than 20 feet above groundwater were re-
ported in 51 samples collected from 33 borings at the site. Concentrations above the MSSL 
were detected primarily at the surface (0-6 inches bgs). In addition to TPHd concentrations 
detected in the surface samples, TPHd concentrations were reported at depths ranging from 
2.5 to 14.5 feet bgs in ten borings ranging from 170 to 5,600 mg/kg. Seven of the ten bor-
ings are located north of the Cerritos Channel and all were located either on State Route 47 
or Pier A Plaza with the exception of DP36 which was located immediately adjacent to an 
asphalt road leading out of the Port of Long Beach (POLB), Pier A easement onto Pier A 
Plaza. The highest concentration of 5,600 mg/kg was reported from boring DP17 at 10 feet 
bgs. Three borings were located beneath the bridge approach north of New Dock Street and 
south of the Cerritos Channel. Concentrations of TPHd in these three borings ranged from 
150 to 320 mg/kg. 

• Concentrations above the MSSL of 1,000 mg/kg of TPHo (C23-C32) for soils less than 20 
feet above groundwater were reported in 35 samples collected from 27 soil borings at the 
site. Concentrations above the MSSL were detected primarily at the surface (0-6 inches bgs) 
or directly below asphalt or concrete cover. In addition to TPHo concentrations detected in 
the surface samples, TPHo concentrations were reported at depths ranging from 1.5 to 14.5 
feet bgs in five borings ranging from 1,300 to 13,000 mg/kg. The five borings are either di-
rectly on SR-47 or the associated on and off ramps with the exception of boring HA5 which 
is located on the northbound Ocean Avenue on ramp. The highest concentration of 13,000 
mg/kg was reported from boring DP17 at 10 feet bgs. 

• Detectable concentrations of SVOCs were reported in samples DP20-1, DP33-8, HA13-0, 
and HA15-0. The four samples exceeded both the CHHSLi and RSLi of 130 and 210 micro-
grams per kilogram (µg/kg), respectively, for benzo(a)pyrene. Sample DP33-8 had reported 
concentrations of benzo(a)anthracene (17,000 µ/kg), benzo(b)fluoranthene (41,000 µg/kg),  
dibenz(a,h)anthracene (5,900 µg/kg), and indeno(1,2,3,cd)pyrene (17,000 µg/kg) that ex-
ceeded their respective RSLi. The four samples had reported concentrations of pyrene 
ranging from 440 to 14,000 µg/kg. One sample, HA13-0, had a reported concentration of 
610 µg/kg of phenanthrene. Three samples DP20-1, DP33-8, and HA15-0 had reported con-
centrations of benzo(g,h,i)perylene ranging from 380 to 41,000 µg/kg. None of these three 
analytes have an established CHHSLi or RSLi. The four borings were located north of the 
Cerritos Channel along SR-47. 

• Detectable concentrations of CAM 17 Metals above their respective CHHSLi or RSLi were 
not reported for the CAM 17 analytes, with the exception of arsenic, cadmium, and lead. 
Concentrations of arsenic ranged from less than 1 to 19 mg/kg. Arsenic concentrations in 
125 of the 148 samples analyzed exceeded the CHHSLi and 121 exceeded the RSLi. How-
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ever, the Department of Toxic Substance Control (DTSC) provides an upper bound estimate 
of 12 mg/kg in southern California native soils. Arsenic concentrations in one sample, 
DP24-2.5 (19 mg/kg) exceeded this upper bound estimate of 12 mg/kg. The other samples 
are considered within background. One sample, DP23-20, with a reported concentration of 
7.8 mg/kg of cadmium exceeded the CHHSLi of 7.5 mg/kg. However, this sample was sev-
eral orders of magnitude below the RSLi for cadmium of 800 mg/kg. 

• Two samples, DP8-0 and DP23-20, had lead concentrations above the CHHSLi of 320 
mg/kg but were below the RSLi of 800 mg/kg. Sample DP8-0 is located beneath the bridge 
approach south of the Cerritos Channel adjacent to ACTA railroad tracks. Soil collected 
from this same boring at 2.5 feet bgs had lead concentrations of 16 mg/kg, well below the 
CHHSLi. Sample DP23-20 is located on SR-47 north of the Cerritos Channel and is a dupli-
cate of primary sample DP23-5. The primary soil sample and soil samples collected from 
this same boring at the surface and at 10 feet bgs had lead concentrations well below the 
CHHSLi of 320 mg/kg.  

• Thirteen soil samples analyzed for lead had reported concentrations ten times above the 
soluble threshold limit concentration (STLC). The samples were analyzed for soluble lead in 
general accordance with the WET method using citric acid as the extractant. Eight soil sam-
ples, DP3-0, DP3-20, DP4-0, DP6-6.5, DP8-0, DP23-20, HA7-0, and HA7-1, contained 
greater than or equal to 5.0 mg/l soluble leads, which exceeds the STLC. The thirteen sam-
ples were analyzed using the toxicity characteristic leaching procedure (TCLP). None of the 
samples contained soluble lead concentration in excess of 5 mg/l so would not be considered 
Resource Conservation and Recovery Act (RCRA) hazardous waste. Soil from borings DP3, 
DP4, DP6, DP8, DP23, and HA7 if excavated would be considered California regulated haz-
ardous waste. 

• The eight samples exceeding the STLC using citric acid as the extractant were analyzed for 
soluble lead in general accordance with the WET method using deionized (DI) water as the 
extractant. The reported concentrations in the eight samples were below the DTSC issued 
California Department of Transportation (Caltrans) DTSC variance for lead of 1.5 mg/l. Ad-
ditionally pH levels for the eight samples were above 5.5. The eight samples are located 
along Caltrans ROW with the exception of samples collected from borings DP8 and DP6 
which are located on POLB property south of New Dock Street. Soil from the Caltrans 
ROW is classified as Y1 soil and the Caltrans DTSC variance applies. 

• Additionally, seven randomly selected soil samples were analyzed for soluble lead in gen-
eral accordance with the WET method using citric acid as the extractant and TCLP. Four of 
the seven soil samples were analyzed for soluble lead in general accordance with the WET 
method using DI water as the extractant. None of the samples had reported concentrations 
soluble lead equal to or above the STLC of 5 mg/l, the TCLP of 5 mg/l or the STLC-DI of 
1.5 mg/l. 
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• Chromium was detected in three samples at concentrations greater than or equal to ten times 
the STLC for chromium of 5 mg/l. The three samples, DP15-20 (70 mg/kg), DP23-20 (100 
mg/kg), and DP25-0 (60 mg/kg), were analyzed for soluble chromium in general accordance 
with the WET method using citric acid as the extractant. Detectable concentrations of solu-
ble chromium were not reported in sample DP23-20. Therefore soil from boring DP23 is 
considered non-hazardous with respect to chromium. Analytical results for samples DP15-20 
and DP25-0 are still pending. 

• One-hundred forty-eight soil samples (including 15 duplicate samples) were collected from 
56 boring locations and analyzed for pH. pH levels in the 83 soil samples analyzed north of 
the Cerritos Channel ranged from 7.2 to 11. pH levels in the 65 soil samples analyzed south 
of the Cerritos Channel ranged from 7.1 to 11 pH. pH levels at the project area range from 
7.1 to 11 pH. 

Based on the results of this LSI, Ninyo & Moore provides the following recommendations: 

• Soil from borings DP3, DP4, DP6, DP8, DP23, and HA7 is considered California regulated 
hazardous waste due to its concentration of soluble lead and should be disposed of accord-
ingly. Based on the STLC WET-citric, STLC WET-DI, TCLP, and pH analytical results, soil 
from the boring locations within the Caltrans ROW could be on the Caltrans ROW in accor-
dance with the DTSC issued Caltrans lead variance. However, based on restrictions applied 
by the POLB, the soil may need to be removed. 

• Soil at the site that is impacted with TPHs above the MSSLs should be removed and dis-
posed as a petroleum contaminated non-hazardous waste. 

• Soil in the vicinity of boring D24 at 2.5 feet contains elevated arsenic and should be re-
moved as a non-hazardous waste. 

• Personnel performing subsurface work, including geotechnical investigations, utility instal-
lations, or other construction, should be provided with the analytical data from this LSI so 
that they can be used in developing an applicable health and safety program. The personnel 
should be notified that elevated concentrations of lead may be present in on-site soil. 
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1. INTRODUCTION 

The Alameda Corridor Transportation Authority (ACTA) authorized Ninyo & Moore to conduct 

a limited subsurface investigation (LSI) for the Commodore Schuyler F. Heim Bridge Replace-

ment Project. The site is an approximate 6,000-foot long section of SR-47 that begins at West 

Ocean Boulevard on the south and extends to SR-103 on the north. The site includes the 

Schuyler Heim Bridge and its northern and southern approaches. The portion of the site south of 

the Cerritos Channel, including the Schuyler Heim Bridge and its northern approaches, is in the 

city of Long Beach, Los Angeles County, California. The portion of the site north of the Cerritos 

Channel, including the southern approaches of the Schuyler Heim Bridge, is in the city of Los 

Angeles, Los Angeles County, California. The site has been developed with the existing SR-47 and 

the Schuyler Heim Bridge beginning with construction in approximately 1947 until present day. Prior 

to the construction of the Schuyler Heim Bridge and SR-47, the site was primarily a road (Henry 

Ford Avenue). Based on this information there is a high likelihood that soil underlying the existing 

SR-47 and ROW areas along SR-47 have been impacted with aerially deposited lead (ADL). Addi-

tionally the painted lines, markings, and pavement legends are likely to contain elevated 

concentrations of lead and hexavalent chromium. The historic presence of railroad tracks adja-

cent to the site presents a potential for lead, arsenic, and chromium contamination in the soil. 

Based on the condition of the bridge and approaches, there is also a potential for soil contamina-

tion from lead based paint (LBP) on the bridge and approaches.  

The portion of the site north of the Cerritos Channel and east of the Schuyler Heim Bridge ap-

proach was developed as the Ford Motor Company’s Long Beach assembly plant (Pier A) from 

prior to 1949 to some time prior to 1969, at which time it was replaced as a port terminal. Based 

on the site uses and the listings on the database report for this property, there is a likelihood that 

soil and groundwater located in the portion of the site north of the Cerritos Channel and east of 

the SR-47 may be impacted with solvents and petroleum hydrocarbons historically used in the 

automobile manufacturing industry.  

The site vicinity has been used primarily for industrial and manufacturing purposes, and largely 

for oil field activities. The site vicinity has several oil and gas wells adjacent to the project area. 
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Based on this information, there is a high likelihood that soil underlying and adjacent to the site 

is impacted with petroleum hydrocarbons.  

Two plugged and abandoned oil wells appear to be within the project area, on the portion of the 

site south of the Cerritos Channel and east of the bridge approach. The existence of abandoned or 

active oil wells with piping is considered an environmental concern. A large diameter gasoline 

pipeline was observed aboveground running along the southwestern portion of the site between the 

railroad tracks and the Schuyler Heim Bridge approaches. 

The objectives of the LSI are to evaluate health and safety concerns and waste management op-

tions through the collection of soil, surface water, and groundwater samples.  

In accordance with the approved LSI work plan, soil samples were collected from 39 direct-push 

borings and 18 hand-augered borings for a total of 57 borings. The direct-push borings were ad-

vanced at the base of the mechanically stabilized earth (MSE) walls, accessible bridge bents, 

areas of utility relocations, backfill areas, railroad track relocations, and new off ramp areas. The 

hand-augered borings were used to obtain soil samples from areas inaccessible to a direct-push 

drill rig, including: the middle section of the MSE walls, sloped areas with MSE walls, and areas 

adjacent to the current off ramp. Depth to groundwater was approximately 3 to 4 feet below 

ground surface (bgs) at level ground adjacent to the northern and southern bridge approaches and 

approximately 5.5 to 20 feet bgs along SR-47 north of the Cerritos Channel. 

The following sections discuss the items of work conducted for this LSI and any exceptions to 

the activities. 

1.1. Scope of Work 

The following is a general outline of the approved scope of work for this LSI as described in 

the LSI Work Plan, dated July 9, 2010 prepared by Ninyo & Moore. Exceptions to this scope 

of work are discussed in Section 1.2. 

• Prepare a Health and Safety Plan (HSP). 
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• Clear subsurface utilities by notification to Underground Service Alert (USA). 

• Advance a total of 59 soil borings at the site . 

• Locate the horizontal coordinates of the soil borings using a Global Positioning System 
(GPS). This data is located in Appendix A. 

• Analyze selected soil samples for suspected chemical constituents. 

• Prepare this report. 

1.2. Exceptions to Scope of Work 

This LSI was completed in general accordance with the ACTA-approved LSI work plan pre-

pared by Ninyo & Moore dated July 9, 2010, with the following exceptions: 

• Two proposed direct-push soil borings were eliminated due to safety concerns; one re-
lated to underground utilities (DP1), and the other due to traffic hazards (DP18). 

• Direct-push soil boring DP14 was moved approximately 280 feet south of the originally 
proposed location due to refusal encountered in the original location resulting from en-
countering the underlying gravel road base.  

• Direct-push soil boring DP41 was moved approximately 15 feet west of the originally 
proposed location due to refusal encountered in the original location resulting from en-
countering the underlying gravel road base. 

• Direct-push soil boring DP15 was moved approximately 25 feet northwest of the origi-
nally proposed location due to underground utilities. 

• The location of hand-auger soil boring HA9 was switched with the location of direct-
push soil boring DP4 due to access restrictions encountered in the field. 

• Direct-push soil boring DP5 was moved approximately 40 feet east upslope to the top of 
the New Dock Street off ramp due to underground utilities, railroad track, and gravel 
and boulders located around the originally proposed location. 

• Direct-push soil boring DP35 was moved approximately 15 feet west due to refusal en-
countered at the originally proposed location (possible underground utility). 

A total of 39 of the 41 planned direct-push soil boring locations were advanced, and a total 

of 177 soil samples (including 15 duplicate samples) were collected during the LSI (29 of 

which were only analyzed for lead). 
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The 18 planned hand-auger soil borings were advanced, and a total of 54 soil samples (in-

cluding 4 duplicate samples) were collected during the LSI. However, six of the 18 planned 

hand-auger soil borings were advanced with a direct-push rig. 

2. PROJECT DESCRIPTION 

It is our understanding that the project includes replacement of the Schuyler Heim Bridge. A Fi-

nal Environmental Impact Statement/Environmental Impact Report (EIS/EIR) was prepared for 

the Schuyler Heim Bridge Replacement and SR-47 Expressway Project. The EIS/EIR identified 

six proposed project alternatives. “Alternative 1 (Bridge Replacement and SR-47 Expressway)” 

was selected as the preferred alternative. Alternative 1 combined the Schuyler Heim Bridge Re-

placement Project and the Alameda Corridor Expressway Project to create a grade-separated 

expressway that will be a high-capacity alternate route between Terminal Island and Alameda 

Street/Pacific Coast Highway. This alternative involved replacement of the Schuyler Heim 

Bridge; construction of a limited-access expressway that begins at Ocean Boulevard, crosses the 

Cerritos Channel, and extends northward for a distance of approximately 1.7 miles (2.7 kilome-

ters); and construction of the proposed 5,084-foot (1,550-meter) flyover (see Figure 2-1 within 

the EIS/EIR). However, Alternative 1 could not be completely funded at this time. As a conse-

quence, only a portion of Alternative 1 (the construction of a replacement Schuyler Heim Bridge 

and demolition of the existing bridge) will be completed at this time by Caltrans. Complete im-

plementation of the SR-47 Expressway portion of Alternative 1 may be constructed following the 

project, depending upon the availability of funding. The remaining SR-47 Expressway portion of 

Alternative 1 will obtain separate discretionary approvals, as necessary, prior to implementation. 

The project is intended to provide a structurally sound vehicular connection between Terminal 

Island and the mainland that complies with the State of California’s current bridge seismic design 

criteria. The Schuyler Heim Bridge was built by the United States Navy in 1946 per federal 

bridge design standards of that time. The existing bridge does not meet current seismic design 

criteria. In the event of a major earthquake, the bridge is projected to be severely damaged and 

non-operable. The project will conform to current seismic criteria by replacing the existing 
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Schuyler Heim Bridge with a fixed-span bridge along and east of the existing bridge alignment. 

The project will also reconstruct the northerly and southerly approaches to the bridge and main-

tain connectivity to SR-103 and Ocean Boulevard. In addition, existing connections to Henry 

Ford Avenue and New Dock Street will be maintained. 

This LSI evaluated the presence of possible contaminants that might exceed acceptable regula-

tory levels the Regional Water Quality Control Board (RWQCB) uses to determine the threat to 

groundwater from nonhalogenated hydrocarbons, the United States Environmental Protection 

Agency (EPA) Regional Screening Level for industrial properties (RSLi), California Human 

Health Screening Levels (CHHSLs) for commercial/industrial use (CHHSLi), and hazardous 

waste levels for disposal at landfills. The EPA Regional Screening Levels for residential proper-

ties (RSLr) are listed in the attached tables for reference. However, the RSLi were used to 

evaluate the presence of possible contaminants that might exceed acceptable regulatory levels.  

3. REGIONAL SITE GEOLOGY 

Based on our review of the United States Geological Survey (USGS) Topographic Map, Long 

Beach, California 7.5 minute Quadrangle, dated 1964 and photo-revised in 1981, the properties 

on both sides of the site are relatively flat, and have an elevation of approximately 5 feet above 

mean sea level (MSL). The northern and southern bridge approaches are elevated to match the 

existing grade of the Schuyler Heim Bridge. 

The project lies at the southern edge of the Los Angeles Basin within the Dominguez Gap. The 

site is underlain with approximately 20 to 40 feet of fill soils, believed to be derived from dredg-

ing operations in nearby channels or imported from similar sources. The soils consist of sandy 

clay and silty very fine sand. Dredge fill is underlain by approximately 70 feet of Quaternary-age 

silt and clay with interbedded layers of loose to medium dense, fine sand. These deposits overlie 

approximately 15,000 feet of Tertiary Age basin sedimentary deposits generally composed of 

dense to very dense sand and silty sand. 
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The project is located within the southern portion of the West Coast Groundwater basin which is 

bound on the north by the Ballona Escarpment, on the east by the Newport-Inglewood fault zone, 

on the south and west by the Pacific Ocean and consolidated rocks of the Palos Verdes Hills 

(DWR, 1999). Based on data from the California State Water Resources Control Board’s 

(SWRCB) GeoTracker website database, depth to groundwater in the site vicinity ranges from 

approximately 5 to 17 feet bgs. Groundwater was encountered at the site at depths ranging from 

3 to 21 feet bgs. Groundwater in the site vicinity is expected to flow towards the east. It should 

be noted that groundwater levels are influenced by seasonal variations in precipitation, irrigation, 

soil types, tidal influences, groundwater pumping, and other factors and are, therefore, subject to 

variation. 

Surface water runoff in the project area generally follows surface topography toward the south.  

The following bodies of water are located within or adjacent to the project area: the Cerritos 

Channel bisects the project area, the Dominquez Channel is located approximately 900 feet north 

of the northern boundary of the project area, and the Pacific Ocean is located approximately 3 

miles south of the southern boundary of the project area. 

4. INVESTIGATION METHODS 

On July 7, 9, and 12 through 16, 2010, Ninyo & Moore conducted boring mark out and a subsur-

face investigation in general accordance with the ACTA-approved LSI Work Plan dated 

July 9, 2010, except as noted in Section 1.2. The subsurface investigation included advancing 57 

soil borings at 57 locations (Figures 2 through 7). The boreholes were advanced and sampled by 

CoreProbe International, Inc. (CoreProbe), of Rosemead, California, and StrongArm Environ-

mental Field Services (StrongArm), of Norwalk, California using a hand-auger and slide hammer 

for the first 5 feet bgs, followed by hydraulic direct-push methods from 5 feet bgs to total depths 

of up to approximately 21 feet bgs. The following sections document the activities conducted 

prior to the fieldwork, field sampling, and laboratory analysis conducted during the investigation. 
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4.1. Work Plan and Health and Safety Plan 

Ninyo & Moore previously prepared and submitted an LSI work plan which was approved 

by ACTA and California Department of Transportation (Caltrans) and was issued as a final 

document on July 9, 2010. As part of the scope of services for this LSI, Ninyo & Moore pre-

pared and submitted a site-specific Health and Safety Plan to ACTA in the LSI work plan 

which was approved by ACTA and Caltrans. A copy of the Health and Safety Plan is in-

cluded in Appendix B. 

4.2. Physical Conditions 

At the time of the field investigation, the weather was generally clear and sunny with tem-

peratures ranging from approximately 75 to 90 degrees Fahrenheit. 

4.3. Utility Clearance 

The boring locations were evaluated with regard to subsurface utilities by notification to 

USA. The boring locations were marked in white paint, and USA was notified at least 

48 hours prior to conducting the soil sampling. USA marked the public utilities they were 

aware of that cross the site or were in the vicinity of the boring locations. 

In addition, utility plans and utility pothole location maps were provided to Ninyo & Moore 

by ACTA to verify subsurface utilities not identified by USA.  

4.4. Soil Boring Locations 

Soil borings locations were selected by Ninyo & Moore and ACTA personnel prior to field 

mobilization. The boring locations were verified and adjusted in the field based on field 

conditions, access, and location of underground utilities.  

The geographic coordinates of the soil borings were surveyed by GPS. The coordinates, pro-

vided in North American Datum (NAD) 1983, are provided in Appendix A. The boring 

locations are shown on Figures 2 through 7. 
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4.5. Soil Classification 

Soils encountered in the borings consisted primarily of sand, silty sand, and sandy clay. The 

soil samples were visually logged and classified in general accordance with the Unified Soil 

Classification System (USCS). Logs of borings are presented in Appendix C.   

4.6. Soil Sampling 

Soil samples from direct-push boring locations were collected from immediately below the 

surface at 0, 5, 10, and 15 feet bgs or approximately 6 inches above first encountered 

groundwater. Soil samples from hand-auger boring locations were collected from 0, 1, 2, 3, 

and 5 feet bgs or approximately 6 inches above first encountered groundwater. Soil samples 

collected from 0 to 5.5 feet bgs were collected in stainless steel sleeves advanced using a 

slide-hammer. Soil samples collected at depth greater than 5.5 feet bgs were collected in 

acetate sleeves.  

Samples were collected using EPA Method 5035 sample preservation for volatile organic 

compoiunds (VOCs) and total petroleum hydrocarbons as gasoline (TPHg) analysis. These 

samples were collected directly from the undisturbed soil sample within the stainless steel or 

acetate sleeve. A plastic syringe was used to collect three samples of approximately 5 grams 

of soil from the sample sleeve. Two of the 5-gram soil samples were ejected into two pre-

weighed, laboratory supplied, 40-milliliter (ml) volatile organic analysis (VOA) vials con-

taining sodium bisulfate. The third 5-gram soil sample was ejected into one pre-weighed, 

laboratory supplied, 40-ml VOA vial containing methanol. A new syringe was used for each 

sampling interval. Field procedures from the LSI work plan are outlined in Appendix D. 

Soil samples were capped with Teflon® sheets and PVC end caps, labeled, placed in zip-

lock plastic bags, and placed in an ice chest cooled to approximately 4 degrees Celsius. 

The samples were delivered to Advanced Technology Laboratories (ATL) of Signal Hill, 

California, a state-certified hazardous materials testing laboratory, for chemical analysis. 

Samples were transported under chemical of concern (COC) protocol to the laboratory the 

same day of collection with the exception of samples collected on July 12, 2010 which were 
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delivered the following day of collection due to laboratory sample receiving hours. The 

laboratory reports are included in Appendix E.  

Prior to leaving the site, the boreholes were carefully backfilled with hydrated bentonite to 

prevent bridging and the ground surface was repaired to match the pre-existing surface con-

ditions. Waste materials, such as drill cuttings generated by the sampling activities, were 

containerized in 16-gallon, Department of Transportation (DOT)-approved drums. 

4.7. Groundwater Sampling 

Grab groundwater and channel water sampling and analytical results in accordance the LSI 

work plan are discussed in a draft LSI report under separate cover. The soil and water re-

ports will be combined when the documents are finalized. 

4.8. Sample Analyses 

The soil samples collected from the site were analyzed for VOCs plus oxygenates, TPHg, to-

tal petroleum hydrocarbons as diesel (TPHd), total petroleum hydrocarbons as oil (TPHo), 

semi-volatile organic compounds (SVOCs), CAM 17 Metals, and pH in general accordance 

with EPA Methods 8260B/5035, 8015M/5035, 8015M, 8270C, 6010B/7471, and 9045, re-

spectively. Additionally, the soil samples collected from soil boring DP24 near the 

transformers located beneath the bridge approach north of the Cerritos Channel were ana-

lyzed for polychlorinated biphenyls (PCBs) in general accordance with EPA Method 8082.  

5. INVESTIGATION RESULTS 

The following sections discuss the laboratory results presented in Tables 1 through 7. 

5.1. Site Sample Analyses 

A total of 177 soil samples were collected and analyzed from 57 borings locations. Of these 

177 soil samples (including 15 duplicate samples), 149 samples were analyzed for TPHg, 

TPHd and TPHo, SVOCs, CAM 17 Metals, and pH in general accordance with EPA 
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Methods, 8015M/5035, 8015M, 8270C, 6010B/7471, and 9045, respectively. Eighty-three 

(including three duplicate samples) of the 177 soil samples were analyzed for VOCs plus 

oxygenates by EPA Method 8260B/5035. Twenty-eight of the 177 samples were analyzed 

for total lead by EPA Method 6010B. 

Of the 177 soil samples analyzed for lead, 15 samples were analyzed for soluble lead in gen-

eral accordance with the Waste Extraction Test (WET) method using both citric acid (WET-

citric) and de-ionized (WET-DI) water as the extractant. The same 15 samples were also 

analyzed in accordance with the Toxicity Characteristic Leaching Procedure (TCLP). 

Three soil samples analyzed for chromium were analyzed for soluble chromium in general 

accordance with the WET method using citric acid as the extractant. [2 results pending] 

One primary and one duplicate soil sample were analyzed for PCBs by EPA Method 8082. 

TPH, as reported by the analytical laboratory, are divided into carbon chain ranges. The fol-

lowing is a list of carbon chain ranges (e.g., C4-C12) reported by the laboratory and common 

substances typically found within those ranges: 

• C4-C12 (Gasoline; Mineral Spirits; Stoddard Solvent) TPHg 

• C13-C22 (Diesel Fuel; Brake Fluid; Transmission Fluid) TPHd 

• C23-C32 (Motor Oil; Hydraulic Oil; Brake Fluid; Transmission Fluid) TPHo 

Analytical results are shown on Tables 1 through 7.  A discussion of the investigative results 

in this LSI is as follows. 

5.2. Analytical Results 

5.2.1. Organic Compounds 

A total of 83 soil samples (including three duplicate samples) were collected from 54 

boring locations and analyzed for VOCs. Detectable concentrations of VOCs were not 

reported in the samples analyzed at the site, with the exception of chloromethane in the 

duplicate sample collected from boring D23 at 5 feet bgs. 
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A total of 149 soil samples (including 15 duplicate samples) were collected from 

57 borings locations and analyzed for TPHg, TPHd and TPHo, SVOCs, CAM 17 met-

als, and pH. Detectable concentrations of TPHg (C4-C12) were not reported in the 149 

samples analyzed. Concentrations of TPHd (C13-C22) ranged from less than 1 to 5,600 

milligrams per kilogram (mg/kg). Fifty-one soil samples collected from 33 soil boring 

locations exceeded the maximum soil screening levels (MSSL) of 100 mg/kg of TPHd 

(C13-C22) for soils less than 20 feet above groundwater. Concentrations of TPHo (C23-

C32) ranged from less than 1 13,000 mg/kg. Thirty-five soil samples collected from 27 

soil boring locations exceeded the MSSL of 1,000 mg/kg of TPHo (C23-C32) for soil less 

than 20 feet above groundwater. Groundwater throughout the site was generally encoun-

tered at depths less than 20 feet bgs. 

Detectable concentrations of SVOCs were reported in four of the 148 samples analyzed. 

Concentrations of benzo(a)anthracene ranged from 420 to 17,000 micrograms per kilo-

gram (µg/kg). None of the samples exceeded the RSLi for benzo(a)anthracene of 21,000 

µg/kg. Concentrations of benzo(a)pyrene ranged from 460 to 29,000 µg/kg. The four 

samples (DP20-1, DP33-8, HA13-0, and HA15-0) exceeded both the CHHSLi of 130 

µg/kg and the RSLi of 210 µg/kg for benzo(a)pyrene. Concentrations of 

benzo(b)fluoranthene ranged from 650 to 41,000 µg/kg. One sample (DP33-8) exceeded 

the RSLi for benzo(b)fluoranthene of 2,100 µg/kg. Concentrations of 

benzo(g,h,i)perylene ranged from less than 330 to 21,000 µg/kg. Neither a CHHSLi nor 

a RSLi has been established for benzo(g,h,i)perylene. Concentrations of 

benzo(k)fluoranthene ranged from less than 330 to 12,000 µg/kg. None of the samples 

exceeded the RSLi for benzo(k)fluoranthene of 21,000 µg/kg. Concentrations of chry-

sene ranged from 480 µg/kg to 21,000 µg/kg. None of the samples exceeded the RSLi 

for chrysene of 210,000 µg/kg. Concentration of dibenz(a,h)anthracene was reported in 

one sample (DP33-8) at 5,900 µg/kg which exceeds the RSLi of 210 µg/kg. Concentra-

tions of fluoranthene ranged from 390 to 12,000 µg/kg. None of the samples exceeded 

the RSLi for fluoranthene of 22,000 µg/kg. Concentrations of indeno(1,2,3-cd)pyrene 

ranged from less than 330 to 17,000 µg/kg. One sample (DP33-8) exceeded the RSLi 
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for indeno(1,2,3-cd)pyrene of 2,100 µg/kg. Concentration of phenanthrene was reported 

in one sample (HA13-0) at 610 µg/kg. Concentrations of pryrene ranged from 440 to 

14,000 µg/kg. Neither a CHHSLi nor RSLi have been established for phenanthrene or 

pyrene. 

One primary and one duplicate soil sample were collected from one boring location and 

analyzed for PCBs. Detectable concentrations of PCBs were not reported either of the 

two samples analyzed. 

5.2.2. CAM 17 Metals 

Detectable concentrations of CAM 17 Metals above their respective CHHSLi or RSLi 

were not reported for the CAM 17 analytes, with the exception of arsenic, cadmium, 

and lead. Concentrations of arsenic ranged from less than 1 to 19 mg/kg. Arsenic con-

centrations in 125 of the 148 samples analyzed exceeded the CHHSLi for arsenic of 

0.24 mg/kg. Arsenic concentrations in 121 of the 148 samples analyzed exceeded the 

RSLi for arsenic of 1.6 mg/kg. However, only one sample, DP24-2.5 with a reported 

concentration of 19 mg/kg exceeded the DTSC upper bound limit for arsenic of 12 

mg/kg which is considered acceptable by the DTSC for school sites. Concentrations of 

cadmium ranged from less than 1 mg/kg to 7.8 mg/kg. One sample, DP23-20 with a re-

ported concentration of 7.8 mg/kg exceeded the CHHSLi for cadmium of 7.5 mg/kg. 

However, this sample was several orders of magnitude below the RSLi for cadmium of 

800 mg/kg. Concentrations of lead ranged from 1.5 mg/kg to 610 mg/kg. Two samples, 

DP8-0 with a reported concentration of 360 mg/kg and DP23-20 with a reported con-

centration of 610 mg/kg, exceeded the CHHSLi of 320 mg/kg. However, none of the 

samples analyzed exceeded the RSLi for lead of 800 mg/kg.  

Additionally 28 of the 177 samples were analyzed for total lead. Concentrations of lead 

ranged from less than 5 to 65 mg/kg. None of the samples analyzed for total lead ex-

ceeded either the CHHSLi for lead of 320 or the RSLi for lead of 800 mg/kg. 
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Concentrations of lead ten times above the STLC were reported in 13 of the 177 sam-

ples analyzed. The 13 samples were analyzed for soluble lead in general accordance 

with the WET method using citric acid as the extractant.  Eight soil samples, DP3-0, 

DP3-20, DP4-0, DP6-6.5, DP8-0, DP23-20, HA7-0 and HA7-1, contained greater than 

or equal to 5.0 milligrams per liter (mg/l) soluble lead using citric acid as the extractant, 

which exceeds the STLC that defines California hazardous waste (Title 22 CCR, Sec-

tion 66261.24). The 13 samples were analyzed using the TCLP. None of the samples 

analyzed contained soluble lead concentrations in excess of 5 mg/l so would not be 

classified as an RCRA regulated hazardous wastte. 

The eight samples that exceeded the STLC for California hazardous waste were ana-

lyzed for soluble lead in general accordance with the WET method using de-ionized 

(DI) water as the extractant. Reported concentrations in the eight samples were below 

the Caltrans DTSC variance for lead of 1.5 mg/l. In addition, pH levels for each of the 

samples were above 5.5. Therefore, soil from these locations that are within the Caltrans 

ROW would be classified as Y1 soil and the Caltrans variance applies. 

Additionally, seven randomly selected soil samples were analyzed for soluble lead in 

general accordance with the WET method using citric acid as the extractant and TCLP. 

Four of the seven soil samples were analyzed for soluble lead in general accordance 

with the WET method using DI water as the extractant. None of the samples had re-

ported concentrations soluble lead equal to or above the STLC of 5 mg/l, the TCLP of 5 

mg/l or the STLC-DI of 1.5 mg/l. 

Three samples analyzed for chromium were reported at concentrations ten times above 

the STLC. The three samples, DP15-20, DP23-20, and DP25-0, were analyzed for solu-

ble chromium in general accordance with the WET method using citric acid as the 

extractant.  Detectable concentrations of soluble chromium using citric acid as the ex-

tractant were not reported in sample DP23-20. Analytical results for samples DP15-20 

and DP25-0 are pending.   
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A total of 148 soil samples (including 15 duplicate samples) were collected from 57 

boring locations and analyzed for pH. pH in the 83 soil samples analyzed north of the 

Cerritos Channel ranged from 7.2 to 11. pH in the 65 soil samples analyzed south of the 

Cerritos Channel ranged from 7.1 to 11. 

5.3. Quality Assurance/Quality Control (QA/QC) 

QA/QC procedures were performed in general accordance with the LSI work plan. Field 

QA/QC procedures included decontamination of field sampling equipment as described in 

Appendix D and collection of equipment blanks. In order to reduce the likelihood of cross-

contamination, sampling equipment was decontaminated between borings. Equipment was 

washed in a solution of non-phosphate detergent, rinsed in clear water, rinsed in distilled wa-

ter, and dried. To evaluate the effectiveness of the decontamination procedures, one 

equipment rinsate blank was collected at a rate of one per day per sampling method. Equip-

ment blanks were obtained by passing water through or over the decontaminated sampling 

devices. Detectable concentrations of analytes were not reported in the equipment blanks.  

Trip blanks were prepared by ATL and shipped with the soil samples. The trip blanks were 

analyzed for VOCs. Detectable concentrations of VOCs were not reported in the trip blanks. 

The equipment and trip blank results will be presented in the tables in the water LSI. 

In addition, duplicate samples were collected in the field and submitted to the laboratory for 

analysis. The LSI work plan specified that field duplicate samples would be collected at the 

rate of approximately 10 percent of the sample set. Fifteen duplicate soil samples were col-

lected for the 162 primary samples collected. The duplicate samples were analyzed for the 

same constituents for which the primary samples were analyzed. Relative percent differ-

ences in analytical results reported between the primary sample and its duplicate are due to 

sample heterogeneity and is not anticipated to affect data quality or the results of the sam-

pling. The duplicate sample results are considered acceptable. 
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Soil samples were delivered to ATL within 24 hours of collection, and analyses were per-

formed within respective method holding times. ATL conducted laboratory QA/QC in 

general accordance with the LSI work plan. QA/QC procedures included analyzing method 

blanks and spiked samples. ATL also conducted the following QA/QC with respect to EPA 

Method 8260: a Continuing Calibration Verification (CCV) and 4-bromofluorobenzene 

(BFB) Tune Check were performed at least every 12-hour shift. This CCV is an indicator 

whether or not the Initial Calibration Curve (ICC) is still valid. Whenever the CCV did not 

pass all method criteria and/or performance of significant instrument maintenance, a new 

ICC was run. 

5.4. Decontamination and Disposal 

Sampling equipment was decontaminated between each sample collected as specified in the 

LSI work plan. Sampling equipment was decontaminated prior to initiation of each boring. 

Equipment was washed in a solution of non-phosphate detergent and clear water, rinsed in 

clear water and rinsed again in distilled water, and air-dried. Decontamination water and soil 

cuttings generated during the LSI were collected four 16-gallon DOT-approved metal drums 

and stored within locked gates in the Port of Long Beach (POLB) easement located beneath 

the bridge approach north of the Cerritos Channel (Pier A). The decontamination water and 

soil cuttings are pending disposal to a licensed soil recycling facility. Based on the analytical 

results soil cuttings are expected to be classified as California hazardous waste. 

6. DATA EVALUATION AND DISCUSSION 

The LSI included advancing soil borings and collecting samples at the site to assess whether im-

pacted soil was present due to current and historical land uses and to evaluate health and safety 

concerns and waste management options for future project construction work. 

A total of 149 soil samples were collected from the areas of concern at the site and selectively 

analyzed for VOCs, TPH, SVOCs, CAM 17 Metals, PCBs, and pH. An additional 28 soil sam-

ples were analyzed for total lead.  
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A total of 83 soil samples (including three duplicate samples) from 54 borings were collected and 

analyzed for VOCs. A total of 149 soil samples (including 15 duplicate samples) were collected 

from 57 borings and analyzed for TPHg, TPHd and TPHo, SVOCs, CAM 17 Metals, and pH. An 

additional 28 samples were analyzed for total lead. One primary and one duplicate soil sample 

from one boring location was analyzed for PCBs. Results are discussed below. 

6.1. VOCs 

Detectable concentrations of VOCs were not reported in the samples analyzed for the site, 

with the exception of chloromethane in the duplicate sample collected from boring DP23 at 

5 feet bgs. 

6.2. TPH 

Detectable concentrations of TPHg (C4-C12) were not reported in the samples analyzed.  

Concentrations of TPHd (C13-C22) above the MSSL of 100 mg/kg for soils less than 20 feet 

above groundwater were reported in 51 samples collected from 33 borings at the site. Con-

centrations above the MSSL were detected primarily at the surface (0-6 inches bgs). In 

addition to TPHd concentrations detected in the surface sample TPHd concentrations were 

reported at depths ranging from 2.5 to 14.5 feet bgs in borings: DP10 (3.5 feet bgs), DP14 

(3.5 feet bgs), DP17 (10 feet bgs), DP23 (5 feet bgs), DP30 (15 feet bgs), DP35 (10 and 14.5 

feet bgs), DP36 (5 feet bgs), DP40 (4.5 feet bgs), HA15 (5 feet bgs), and HA17 (2 feet bgs). 

Concentrations of TPHd in these ten boring locations ranged from 170 to 5,600 mg/kg. 

Seven of the ten borings are located north of the Cerritos Channel and all were located either 

on State Route 47 or Pier A Plaza with the exception of DP36 which was located adjacent to 

an asphalt road leading out of the POLB, Pier A easement onto Pier A Plaza. The highest 

concentration of 5,600 mg/kg was reported for DP17 at 10 feet bgs. Three borings were lo-

cated beneath the bridge approach north of New Dock Street and south of the Cerritos 

Channel. Concentrations of TPHd in these three borings ranged from 150 to 320 mg/kg. 



Commodore Schuyler F. Heim Bridge Replacement Project July 30, 2010 
Long Beach, California Project No. 207940001 
 

207940001 R LSI.doc 23

Concentrations of TPHo (C23-C32) above the MSSL of 1,000 mg/kg for soils less than 20 

feet above groundwater were reported in 35 samples collected from 27 soil borings at the 

site. Concentrations above the MSSL were detected primarily at the surface (0-6 inches bgs) 

or directly below asphalt or concrete cover. In addition to TPHo concentrations detected in 

the surface sample, TPHo concentrations were reported at depths ranging from 1.5 to 14.5 

feet bgs in borings: DP17 (10 feet bgs), DP23 (5 feet bgs), DP35 (10 and 14.5 feet bgs), 

HA5 (1.5 feet bgs), and HA17 (2 feet bgs). Concentrations of TPHo in these five boring lo-

cations ranged from 1,300 to 13,000 mg/kg. The five borings are located either directly on 

SR-47 or the associated on and off ramps with the exception of HA5 which is located on the 

northbound Ocean Avenue on ramp. The highest concentration of 13,000 mg/kg was re-

ported for DP17 at 10 feet bgs. 

6.3. SVOCs 

Detectable concentrations of SVOCs were reported in samples DP20-1, DP33-8, HA13-0, 

and HA15-0. The four borings were located north of the Cerritos Channel along SR-47. The 

four samples exceeded both the CHHSLi and RSLi of 130 and 210 µg/kg, respectively for 

benzo(a)pyrene. Sample DP33-8 had reported concentrations of benzo(a)anthracene (17,000 

µ/kg), benzo(b)fluoranthene (41,000 µg/kg),  dibenz(a,h)anthracene (5,900 µg/kg), and in-

deno(1,2,3,cd)pyrene (17,000 µg/kg) that exceeded their respective RSLi.  

The four samples had reported concentrations of pyrene ranging from 440 to 14,000 µg/kg. 

One sample, HA13-0 had a reported concentration of 610 µg/kg of phenanthrene. Three 

samples DP20-1, DP33-8, and HA15-0 had reported concentrations of benzo(g,h,i)perylene 

ranging from 380 to 41,000 µg/kg. None of these three analytes have an established 

CHHSLi or RSLi. 

6.4. CAM 17 Metals 

Detectable concentrations cof CAM 17 Metals above their respective CHHSLi or RSLi were 

not reported for the CAM 17 analytes, with the exception of arsenic, cadmium, and lead. 

Concentrations of arsenic ranged from less than 1 to 19 mg/kg. Arsenic concentrations in 
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125 of the 148 samples analyzed exceeded the CHHSLi and 121 exceeded the RSLi. How-

ever, arsenic is a naturally occurring substance, which concentrations should be compared to 

background concentrations. The “Determination of a Southern California Regional Back-

ground Arsenic Concentration in Soil” published by the DTSC, describes an upper bound 

estimate of 12 mg/kg in southern California in native soils. Arsenic concentrations in one 

sample, DP24-2.5 (19 mg/kg) exceed this upper bound estimate of 12 mg/kg. The other sam-

ples are considered within background. 

One sample, DP23-20 with a reported concentration of 7.8 mg/kg of cadmium,exceeded the 

CHHSLi of 7.5 mg/kg. However, this sample was several orders of magnitude below the 

RSLi for cadmium of 800 mg/kg. 

Two samples, DP8-0 and DP23-20 had lead concentrations above the CHHSLi of 320 mg/kg 

but were below the RSLi of 800 mg/kg. Sample DP8-0 is located beneath the bridge ap-

proach south of the Cerritos Channel adjacent to ACTA railroad tracks. Soil sample collected 

from this same boring at 2.5 feet bgs had lead concentrations of 16 mg/kg, well below the 

CHHSLi. Sample DP23-20 is located on SR-47 north of the Cerritos Channel and is a dupli-

cate of primary sample DP23-5. The primary soil sample and soil samples collected from 

this same boring at the surface and at 10 feet bgs had lead concentrations well below the 

CHHSLi of 320 mg/kg.  

Thirteen soil samples analyzed for lead had reported concentrations ten times above the 

STLC. The samples were analyzed for soluble lead in general accordance with the WET 

method using citric acid as the extractant. Eight soil samples, DP3-0, DP3-20, DP4-0, DP6-

6.5, DP8-0, DP23-20, HA7-0, and HA7-1, contained greater than or equal to 5.0 mg/l solu-

ble lead which exceeds the STLC. The thirteen samples were analyzed for soluble lead using 

the TCLP. None of the samples contained soluble lead in excess of 5 mg/l, so would not be 

classified as a RCRA hazardous waste. Soil from borings DP3, DP4, DP6, DP8, DP23, and 

HA7 if excavated would be considered California hazardous waste. 



Commodore Schuyler F. Heim Bridge Replacement Project July 30, 2010 
Long Beach, California Project No. 207940001 
 

207940001 R LSI.doc 25

The eight samples exceeding the STLC using citric acid as the extractant were analyzed for 

soluble lead in general accordance with the WET method using DI water as the extractant. 

The reported concentrations in the eight samples were below the DTSC issued Caltrans vari-

ance for lead of 1.5 mg/l. Additionally pH levels for each of the eight samples were above 

5.5. The eight samples are located along Caltrans ROW with the exception of samples col-

lected from borings DP8 and DP6 which are located on POLB property south of New Dock 

Street. Soil from the Caltrans ROW locations could be classified as Y1 soil if the Caltrans 

DTSC variance applies. 

Additionally, seven randomly selected soil samples were analyzed for soluble lead in general 

accordance with the WET method using citric acid as the extractant and TCLP. Four of the 

seven soil samples were analyzed for soluble lead in general accordance with the WET 

method using DI water as the extractant. None of the samples had reported concentrations 

soluble lead equal to or above the STLC of 5 mg/L, the TCLP of 5 mg/l or the STLC-DI. 

Chromium was detected in three samples at concentrations greater than or equal to the 

STLC for chromium of 5 mg/l (50 mg/kg). The three samples, DP15-20 (70 mg/kg), DP23-

20 (100 mg/kg), and DP25-0 (60 mg/kg), were analyzed for soluble chromium in general 

accordance with the WET method using citric acid as the extractant. Detectable concentra-

tions of soluble chromium were not reported in sample DP23-20. Therefore soil from boring 

DP23 is considered non-hazardous with respect to chromium. Analytical results for samples 

DP15-20 and DP25-0 are still pending. 

6.5. pH 

One-hundred forty-eight soil samples (including 15 duplicate samples) were collected from 

56 boring locations and analyzed for pH. pH in the 83 soil samples analyzed north of the 

Cerritos Channel ranged from 7.2 to 11. pH in the 65 soil samples analyzed south of the 

Cerritos Channel ranged from 7.1 to 11 pH. pH levels at the project area range from 7.1 to 

11. 
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6.6. PCBs 

One primary sample and one duplicate soil sample were collected and analyzed for PCBs 

from boring DP-24 due to its close proximity to a bank of transformers. Detectable concen-

trations of PCBs were not reported either of the two samples analyzed. 

6.7. Statistical Evaluation for Lead 

Because of the site sampling, no obvious sample groups can be identified. Samples were 

collected from embankments shoulders, medians, beneath the existing bridge, etc., and the 

ADL depositional history will be different in each area. Additionally, it is not possible to 

correlate vertical layers between these different sampling areas. For those reasons statistal 

analyses of the data were not performed. 

Soil from the following locations is considered hazardous but can be reused in accordance 

with the Variance. Thee areas had samples containing soluble lead concentrations greater 

than or equal to 5 mg/l as analyzed using the WET method using citric acid as the extractant, 

but containing soluble lead concentrations less than 1.5 mg/l as analyzed using the WET 

method using deionized water as the extractant. 

• Boring DP3 at surface which is associated with retaining wall C1 at the New Dock 
Street on ramp. 

• Boring DP4 at surface which is associated with the New Dock Street off ramp. 

• Boring DP6 at 6.5 feet which is associated with the northbound SR-47 between stations 
5+00 and 6+00. 

• Boring DP8 at surface which is associated with SR-47 between stations 9+00 and 
10+00. 

• Boring DP23 at 20 feet which is associated with the MSE wall E2. 

• Boring HA7 at surface and 1 foot which is associated with retaining wall C1. 
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Soil disturbed in these areas is considered Type Y1 soil and may be used as fill in the Cal-

trans ROW provided the soil is placed a minimum of 5 feet above the maximum level of the 

water table and covered with at least 1 foot of non-hazardous soil. 

7. FINDINGS, CONCLUSIONS AND RECOMMENDATIONS 

This LSI evaluated the presence of possible contaminants that might exceed acceptable regula-

tory levels the RWQCB uses to determine the threat to groundwater from nonhalogenated 

hydrocarbons, the EPA RSLi, CHHSLi, and hazardous waste levels for disposal at landfills. 

Findings and conclusions follow: 

7.1. Findings and Conclusions 

• Depth to groundwater was approximately 3 to 4 feet bgs at level ground adjacent to the 
northern and southern bridge approaches and approximately 5.5 to 20 feet bgs along 
SR-47 north of the Cerritos Channel. 

• A total of 177 soil samples were collected and analyzed from 57 borings. Of these 177 
soil samples (including 15 duplicate samples), 149 samples were analyzed for total pe-
troleum hydrocarbons as gasoline (TPHg), total petroleum hydrocarbons as diesel and 
oil (TPHd) and total petroleum hydrocarbons as oil (TPHo), semi-volatile organic com-
pounds (SVOCs), CAM 17 Metals, and pH in general accordance with EPA Methods, 
8015M/5035, 8015M, 8270C, 6010B/7471, and 9045, respectively. Eighty-three (in-
cluding three duplicate samples) of the 177 soil samples were analyzed for volatile 
organic compounds (VOCs) plus oxygenates by EPA Method 8260B/5035. Twenty-
eight of the 177 samples were analyzed for total lead by EPA Method 6010B. 

• Detectable concentrations of VOCs were not reported in the samples analyzed at the 
site, with the exception of chloromethane in the duplicate sample collected from boring 
D23 at 5 feet bgs. 

• Of the 177 soil samples analyzed for lead, 15 samples were analyzed for soluble lead in 
general accordance with the Waste Extraction Test (WET) method using both citric acid 
and de-ionized (DI) water as the extractant. The same 15 samples were also analyzed in 
accordance with the Toxicity Characteristic Leaching Procedure (TCLP).  

• Three soil samples analyzed for chromium were analyzed for soluble chromium in gen-
eral accordance with the WET method using citric acid as the extractant. [2 results 
pending] 
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• One primary and one duplicate soil sample were collected from boring DP24 due to its 
close proximity to a bank of transformers and analyzed for polychlorinated biphenyls 
(PCBs) by EPA Method 8082. Detectable concentrations of PCBs were not reported ei-
ther of the two samples analyzed 

• Detectable concentrations of TPHg (C4-C12) were not reported in the samples analyzed. 
Concentrations above the maximum soil screening levels (MSSL) of 100 milligrams per 
kilogram (mg/kg) of TPHd (C13-C22) for soils less than 20 feet above groundwater were 
reported in 51 samples collected from 33 borings at the site. Concentrations above the 
MSSL were detected primarily at the surface (0-6 inches bgs). In addition to TPHd con-
centrations detected in the surface samples, TPHd concentrations were reported at 
depths ranging from 2.5 to 14.5 feet bgs in ten borings ranging from 170 to 5,600 
mg/kg. Seven of the ten borings are located north of the Cerritos Channel and all were 
located either on State Route 47 or Pier A Plaza with the exception of DP36 which was 
located immediately adjacent to an asphalt road leading out of the Port of Long Beach 
(POLB), Pier A easement onto Pier A Plaza. The highest concentration of 5,600 mg/kg 
was reported from boring DP17 at 10 feet bgs. Three borings were located beneath the 
bridge approach north of New Dock Street and south of the Cerritos Channel. Concen-
trations of TPHd in these three borings ranged from 150 to 320 mg/kg. 

• Concentrations above the MSSL of 1,000 mg/kg of TPHo (C23-C32) for soils less than 
20 feet above groundwater were reported in 35 samples collected from 27 soil borings 
atthe site. Concentrations above the MSSL were detected primarily at the surface (0-6 
inches bgs) or directly below asphalt or concrete cover. In addition to TPHo concentra-
tions detected in the surface samples, TPHo concentrations were reported at depths 
ranging from 1.5 to 14.5 feet bgs in five borings ranging from 1,300 to 13,000 mg/kg. 
The five borings are either directly on SR-47 or the associated on and off ramps with 
the exception of boring HA5 which is located on the northbound Ocean Avenue on 
ramp. The highest concentration of 13,000 mg/kg was reported from boring DP17 at 10 
feet bgs. 

• Detectable concentrations of SVOCs were reported in samples DP20-1, DP33-8, HA13-
0, and HA15-0. The four samples exceeded both the CHHSLi and RSLi of 130 and 210 
micrograms per kilogram (µg/kg), respectively, for benzo(a)pyrene. Sample DP33-8 had 
reported concentrations of benzo(a)anthracene (17,000 µ/kg), benzo(b)fluoranthene 
(41,000 µg/kg),  dibenz(a,h)anthracene (5,900 µg/kg), and indeno(1,2,3,cd)pyrene 
(17,000 µg/kg) that exceeded their respective RSLi. The four samples had reported con-
centrations of pyrene ranging from 440 to 14,000 µg/kg. One sample, HA13-0, had a 
reported concentration of 610 µg/kg of phenanthrene. Three samples DP20-1, DP33-8, 
and HA15-0 had reported concentrations of benzo(g,h,i)perylene ranging from 380 to 
41,000 µg/kg. None of these three analytes have an established CHHSLi or RSLi. The 
four borings were located north of the Cerritos Channel along SR-47. 
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• Detectable concentrations of CAM 17 Metals above their respective CHHSLi or RSLi 
were not reported for the CAM 17 analytes, with the exception of arsenic, cadmium, 
and lead. Concentrations of arsenic ranged from less than 1 to 19 mg/kg. Arsenic con-
centrations in 125 of the 148 samples analyzed exceeded the CHHSLi and 121 
exceeded the RSLi. However, the Department of Toxic Substance Control (DTSC) pro-
vides an upper bound estimate of 12 mg/kg in southern California native soils. Arsenic 
concentrations in one sample, DP24-2.5 (19 mg/kg) exceeded this upper bound estimate 
of 12 mg/kg. The other samples are considered within background. One sample, DP23-
20, with a reported concentration of 7.8 mg/kg of cadmium exceeded the CHHSLi of 
7.5 mg/kg. However, this sample was several orders of magnitude below the RSLi for 
cadmium of 800 mg/kg. 

• Two samples, DP8-0 and DP23-20, had lead concentrations above the CHHSLi of 320 
mg/kg but were below the RSLi of 800 mg/kg. Sample DP8-0 is located beneath the 
bridge approach south of the Cerritos Channel adjacent to ACTA railroad tracks. Soil 
collected from this same boring at 2.5 feet bgs had lead concentrations of 16 mg/kg, 
well below the CHHSLi. Sample DP23-20 is located on SR-47 north of the Cerritos 
Channel and is a duplicate of primary sample DP23-5. The primary soil sample and soil 
samples collected from this same boring at the surface and at 10 feet bgs had lead con-
centrations well below the CHHSLi of 320 mg/kg.  

• Thirteen soil samples analyzed for lead had reported concentrations ten times above the 
soluble threshold limit concentration (STLC). The samples were analyzed for soluble 
lead in general accordance with the WET method using citric acid as the extractant. 
Eight soil samples, DP3-0, DP3-20, DP4-0, DP6-6.5, DP8-0, DP23-20, HA7-0, and 
HA7-1, contained greater than or equal to 5.0 mg/l soluble leads, which exceeds the 
STLC. The thirteen samples were analyzed using the toxicity characteristic leaching 
procedure (TCLP). None of the samples contained soluble lead concentration in excess 
of 5 mg/l so would not be considered Resource Conservation and Recovery Act 
(RCRA) hazardous waste. Soil from borings DP3, DP4, DP6, DP8, DP23, and HA7 if 
excavated would be considered California regulated hazardous waste. 

• The eight samples exceeding the STLC using citric acid as the extractant were analyzed 
for soluble lead in general accordance with the WET method using deionized (DI) water 
as the extractant. The reported concentrations in the eight samples were below the 
DTSC issued California Department of Transportation (Caltrans) DTSC variance for 
lead of 1.5 mg/l. Additionally pH levels for the eight samples were above 5.5. The eight 
samples are located along Caltrans ROW with the exception of samples collected from 
borings DP8 and DP6 which are located on POLB property south of New Dock Street. 
Soil from the Caltrans ROW is classified as Y1 soil and the Caltrans DTSC variance 
applies. 

• Additionally, seven randomly selected soil samples were analyzed for soluble lead in 
general accordance with the WET method using citric acid as the extractant and TCLP. 
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Four of the seven soil samples were analyzed for soluble lead in general accordance 
with the WET method using DI water as the extractant. None of the samples had re-
ported concentrations soluble lead equal to or above the STLC of 5 mg/l, the TCLP of 5 
mg/l or the STLC-DI of 1.5 mg/l. 

• Chromium was detected in three samples at concentrations greater than or equal to ten 
times the STLC for chromium of 5 mg/l. The three samples, DP15-20 (70 mg/kg), 
DP23-20 (100 mg/kg), and DP25-0 (60 mg/kg), were analyzed for soluble chromium in 
general accordance with the WET method using citric acid as the extractant. Detectable 
concentrations of soluble chromium were not reported in sample DP23-20. Therefore 
soil from boring DP23 is considered non-hazardous with respect to chromium. Analyti-
cal results for samples DP15-20 and DP25-0 are still pending. 

• One-hundred forty-eight soil samples (including 15 duplicate samples) were collected 
from 56 boring locations and analyzed for pH. pH levels in the 83 soil samples analyzed 
north of the Cerritos Channel ranged from 7.2 to 11. pH levels in the 65 soil samples 
analyzed south of the Cerritos Channel ranged from 7.1 to 11 pH. pH levels at the pro-
ject area range from 7.1 to 11 pH. 

7.2. Recommendations 

Based on the results of this LSI, Ninyo & Moore provides the following recommendations: 

• Soil from borings DP3, DP4, DP6, DP8, DP23, and HA7 is considered California regu-
lated hazardous waste due to its concentration of soluble lead and should be disposed of 
accordingly. Based on the STLC WET-citric, STLC WET-DI, TCLP, and pH analytical 
results, soil from the boring locations within the Caltrans ROW could be on the Caltrans 
ROW in accordance with the DTSC issued Caltrans lead variance. However, based on 
restrictions applied by the POLB, the soil may need to be removed. 

• Soil at the site that is impacted with TPHs above the MSSLs should be removed and 
disposed as a petroleum contaminated non-hazardous waste. 

• Soil in the vicinity of boring D24 at 2.5 feet contains elevated arsenic and should be 
removed as a non-hazardous waste. 

• Personnel performing subsurface work, including geotechnical investigations, utility in-
stallations, or other construction, should be provided with the analytical data from this 
LSI so that they can be used in developing an applicable health and safety program. The 
personnel should be notified that elevated concentrations of lead may be present in on-
site soil. 
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8. LIMITATIONS AND EXCEPTIONS OF ASSESSMENT 

The environmental services described in this report have been conducted in general accordance 

with current regulatory guidelines and the standard-of-care exercised by environmental consult-

ants performing similar work in the project area. Please note that this study did not include an 

evaluation of geotechnical conditions or potential geologic hazards. 

This document is intended to be used only in its entirety. No portion of the document, by itself, is 

designed to completely represent any aspect of the project described herein. Ninyo & Moore 

should be contacted if the reader requires any additional information or has questions regarding 

the content, interpretations presented, or completeness of this document. 

Our conclusions, recommendations, and opinions are based on an analysis of the observed site 

conditions and the referenced literature. It should be understood that the conditions of a site 

could change with time as a result of natural processes or the activities of man at the subject site 

or nearby sites. In addition, changes to the applicable laws, regulations, codes, and standards of 

practice may occur due to government action or the broadening of knowledge. The findings of 

this report may, therefore, be invalidated over time, in part or in whole, by changes over which 

Ninyo & Moore has no control. 

This report is intended exclusively for use by the client. Any use or reuse of the findings, conclu-

sions, and/or recommendations of this report by parties other than the client is undertaken at said 

parties’ sole risk. 
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TABLE 3 -SOIL SAMPLE ANALYTICAL TEST RESULTS - CAM 17 METALS AND PH 
I EPA Methods 6010Bl7471A I 9045C I 

(Duplicate of DP21-0) 4.7 1 17 1 8.1 1 ND< l I 2.6 1 ND< l I 22 1 38 1 0.34 1 10 
DP22-0 I 0 I 7/16/2010 I ND< 2 I 1.1 I 86 1 ND< l I ND< l I 14 1 6.1 1 20 1 16 1 1.1 I 14 1 ND<l I ND<l I ND<l I 26 1 43 1 ND< 0.1 1 11 
DP22-20 I I I I I I 1 I I I I I I I I 1 I 1 I I 

(Duplicate of DP22-0) 
DP22-3 
DP23-0 
DP23-5 
DP23-20 

(Duplicate of DP35-0) I 0 1 7/16/2010 1 ND< 2 I 6.3 1 190 1 ND<l I ND<l I 20 1 6.5 1 34 1 20 1 ND< l ( 15 1 ND<l I ND<l I 1.1 I 39 1 110 1 0.15 1 8.6 
DP35-5 1 5 1 7/16/2010 1 ND< 2 I 3.9 1 110 1 NDc1 1 ND<l I 15 1 4.2 1 14 1 22 1 ND< l I 9.8 1 ND<l I ND<l I ND<l I 21 1 51 1 ND< 0.1 1 8.5 

(Duplicate of DP34-0) 
DP34-5 
DP35-0 
DP35-20 

0 
3 
0 
5 

0 
5 
0 

7/16/2010 
7/16/2010 
7/16/2010 
7/16/2010 

7/15/2010 
7/35/2010 
7/16/2010 

ND< 2 
ND< 2 
ND< 2 
ND< 2 

ND< 2 
ND< 2 
ND< 2 

1.3 
ND< I 
6.8 
5.1 

ND< I 
ND< 1 
5.9 

160 
83 
120 
85 

60 
65 
210 

ND< I 
ND< 1 
ND< 1 
ND< 1 

ND< 1 
ND< 1 
NDc l 

ND< I 
ND< 1 
ND< 1 
1.1 

ND< I 
ND< I 
ND< 1 

21 
12 
19 
14 

9.9 
11 
20 

8.4 
5.2 
8 

4.8 

4.9 
5.7 
6.5 

23 
16 
19 
21 

5.9 
7.1 
32 

13 
16 
7 
20 

4.3 
6.4 
25 

ND< I 
ND< I 
ND< 1 
ND< 1 

ND< I 
ND< I 
ND< I 

17 
12 
15 
13 

7.2 
8.2 
15 

ND< 1 
ND< 1 
ND< 1 
ND< I 

ND< I 
ND< I 
ND< I 

ND< 1 
ND< 1 
ND< 1 
ND< 1 

ND< I 
ND< I 
ND< I 

ND< 1 
NDc 1 
1.9 

ND< I 

ND< I 
ND< 1 
1.1 

31 
23 
37 
25 

17 
20 
34 

54 
39 
55 
64 

28 
33 
110 

ND< 0.1 
ND< 0.1 
ND< 0.1 
ND< 0.1 

10 
10 
7.8 
7.5 

ND< 0.1 
ND< 0.1 
0.1 

8.3 
8.4 
8.1 
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TABLE 3 -SOIL SAMPLE ANALYTICAL TEST RESULTS - CAM 17 METALS AND PH 

m a g  - milligrams per hlogram 
EPA - United Stater Environmental Protection Agency 
PQL - Practical Quantitation Limit 
ND - not detected above the PQL 
NE - no" established 
NA - not applicable 
TTLC - State of California Total Threshold Limit Concentration 
STLC - State of California Soluble Threshold Limit Concentration 
TCLP - Federal Toxicity Characteristic Leaching Procedure 
'-regulatory screening levels only noted for those analytes with repotted concentrations above the PQL 
CHHSLr - Califomia Human Health Screening Levels for residential land use, (1R005) 
CHHSLi - California Human Health Screening Levels for industrial land use, (1R005) 
RSLr - EPA Region 9, Regional Screening Levels for residential Propettier (5R010) 
RSLi - EPA Region 9, Regional Screening Levels for Industrial Propettien (512010) 



Commodore Schuyler F. Heim Bridge Replacement Project
Long Beach, California

July 30, 2010
Project No. 207940001

DP2-2 2 7/14/2010 ND< 1 430 1,800
DP2-5 5 7/14/2010 ND< 1.1 ND< 1 3

DP2-10 10 7/14/2010 ND< 1 52 160
DP2-15 15 7/14/2010 ND< 0.95 4 12
DP3-0 0 7/13/2010 ND< 1.2 200 610

DP3-20
(Duplicate of DP3-0) 0 7/13/2010 ND< 1.1 210 560

DP3-5 5 7/13/2010 ND< 1.2 6 18
DP3-10 10 7/13/2010 ND< 1 2 7
DP3-15 15 7/13/2010 ND< 0.96 26 61
DP4-0 0 7/13/2010 ND< 1.1 6 24
DP4-5 5 7/13/2010 ND< 1.1 ND 1

DP4-10 10 7/13/2010 ND< 1.2 12 35
DP4-15 15 7/13/2010 ND< 0.95 1 5
DP5-0 0 7/13/2010 ND< 0.92 12 39
DP5-5 5 7/13/2010 ND< 1.1 7 21

DP5-10 10 7/13/2010 ND< 1 3 8
DP5-15 15 7/13/2010 ND< 1.2 3 10
DP6-0 0 7/15/2010 ND< 0.83 5 33

DP6-6.5 6.5 7/15/2010 ND< 0.75 17 60
DP7-0 0 7/15/2010 ND< 1 59 320

DP7-20
(Duplicate of DP7-0) 0 7/15/2010 ND< 0.64 12 78

DP7-4.5 4.5 7/15/2010 ND< 0.54 11 55
DP8-0 0 7/15/2010 ND< 0.75 57 280

DP8-2.5 2.5 7/15/2010 ND< 0.59 2 9
DP9-0 0 7/15/2010 ND< 0.94 290 1,800

DP9-2.5 2.5 7/15/2010 ND< 1.1 30 100
DP10-0 0 7/14/2010 ND< 0.78 270 1,100

DP10-3.5 3.5 7/14/2010 ND< 0.82 320 910
DP11-0 0 7/13/2010 ND< 0.9 420 1,900
DP11-2 2 7/13/2010 ND< 0.73 170 580
DP12-0 0 7/14/2010 ND< 1.2 390 1,800

DP12-2.5 2.5 7/14/2010 ND< 0.82 44 120
DP13-0 0 7/13/2010 ND< 0.86 170 590
DP13-2 2 7/13/2010 ND< 0.78 31 93
DP14-0 0 7/14/2010 ND< 0.85 460 1,600

DP14-3.5 3.5 7/14/2010 ND< 0.97 170 170
DP15-0 0 7/16/2010 ND< 0.96 870 5,200

DP15-20
(Duplicate of DP15-0) 0 7/16/2010 ND< 0.95 800 4,600

DP15-5 5 7/16/2010 ND< 1.1 110 560
DP15-6.5 6.5 7/16/2010 ND< 1.3 ND< 1 ND< 1
DP16-0 0 7/13/2010 ND< 0.99 570 2,300
DP16-5 5 7/13/2010 ND< 0.88 6 27

TABLE 4 – SOIL SAMPLE ANALYTICAL TEST RESULTS – TPHs

Sample ID
Sample 
Depth

Date Sampled
EPA Method 8015B

mg/kg
TPHd TPHoTPHg
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Commodore Schuyler F. Heim Bridge Replacement Project
Long Beach, California

July 30, 2010
Project No. 207940001

TABLE 4 – SOIL SAMPLE ANALYTICAL TEST RESULTS – TPHs

Sample ID
Sample 
Depth

Date Sampled
EPA Method 8015B

mg/kg
TPHd TPHoTPHg

DP16-6.5 6.5 7/13/2010 ND< 0.8 ND< 1 ND< 1
DP17-0 0 7/12/2010 ND< 0.86 1,400 4,800
DP17-5 5 7/12/2010 ND< 0.73 ND< 1 2

DP17-10 10 7/12/2010 ND< 0.89 5,600 13,000
DP17-15 15 7/12/2010 ND< 0.76 ND< 1 ND< 1
DP19-0 0 7/15/2010 ND< 0.87 ND< 1 6
DP19-5 5 7/15/2010 ND< 0.97 ND< 1 7
DP20-0 0 7/15/2010 ND< 0.63 ND< 1 4
DP20-1 1 7/15/2010 ND< 0.73 2 12
DP21-0 0 7/16/2010 ND< 1.5 450 2,800

DP21-20
(Duplicate of DP21-0) 0 7/16/2010 ND< 1.1 700 4,500

DP22-0 0 7/16/2010 ND< 1.3 1,200 6,600
DP22-20

(Duplicate of DP22-0) 0 7/16/2010 ND< 1.3 970 5,500
DP22-3 3 7/16/2010 ND< 1.4 210 1,500
DP23-0 0 7/16/2010 ND< 0.87 30 370
DP23-5 5 7/16/2010 ND< 1.1 290 1,600

DP23-20
(Duplicate of DP23-5) 5 7/16/2010 ND< 1 110 630

DP23-10 10 7/16/2010 ND< 1.2 ND< 1 ND< 1
DP23-15 15 7/16/2010 ND< 0.95 ND< 1 1
DP23-17 14 7/16/2010 ND< 0.93 ND< 1 ND< 1
DP24-0 0 7/12/2010 ND< 0.7 32 220

DP24-20
(Duplicate of DP24-0) 0 7/12/2010 ND< 3 65 450

DP24-2.5 2.5 7/12/2010 ND< 0.77 6 30
DP25-0 0 7/12/2010 ND< 0.56 10 48
DP25-2 2 7/12/2010 ND< 0.67 4 14
DP26-0 0 7/12/2010 ND< 0.62 300 1,400

DP26-4.5 4.5 7/12/2010 ND< 0.86 ND< 1 ND< 1
DP27-0 0 7/16/2010 ND< 0.91 36 490
DP27-2 2 7/16/2010 ND< 1.1 43 350

DP27-20
(Duplicate of DP27-2) 2 7/16/2010 ND< 0.9 15 100

DP28-0 0 7/12/2010 ND< 1.2 5 22
DP28-2.5 2.5 7/12/2010 ND< 0.74 11 48
DP29-0 0 7/12/2010 ND< 0.87 330 1,400
DP29-5 5 7/12/2010 ND< 0.66 30 160
DP30-0 0 7/12/2010 ND< 0.98 62 330
DP30-5 5 7/12/2010 ND< 0.9 82 310

DP30-10 10 7/12/2010 ND< 0.72 73 260
DP30-15 15 7/12/2010 ND< 0.83 160 800
DP31-0 0 7/15/2010 ND< 0.65 ND< 1 2
DP31-5 5 7/15/2010 ND< 0.98 8 49
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Commodore Schuyler F. Heim Bridge Replacement Project
Long Beach, California

July 30, 2010
Project No. 207940001

TABLE 4 – SOIL SAMPLE ANALYTICAL TEST RESULTS – TPHs

Sample ID
Sample 
Depth

Date Sampled
EPA Method 8015B

mg/kg
TPHd TPHoTPHg

DP31-10 10 7/15/2010 ND< 2.5 83 330
DP31-15 15 7/15/2010 ND< 0.94 9 50
DP32-0 0 7/15/2010 ND< 0.83 1,200 12,000
DP32-5 5 7/15/2010 ND< 0.74 ND< 1 4

DP32-13.5 13.5 7/15/2010 ND< 0.79 1 12
DP33-0 0 7/15/2010 ND< 0.64 24 210
DP33-5 5 7/15/2010 ND< 0.85 3 19
DP33-8 8 7/15/2010 ND< 0.8 6 28
DP34-0 0 7/15/2010 ND< 0.8 4 19

DP34-20
(Duplicate of DP34-0) 0 7/15/2010 ND< 1.1 3 13

DP34-5 5 7/15/2010 ND< 0.98 30 93
DP35-0 0 7/16/2010 ND< 1 61 510

DP35-20
(Duplicate of DP35-0) 0 7/16/2010 ND< 1.1 100 710

DP35-5 5 7/16/2010 ND< 1 41 220
DP35-10 10 7/16/2010 ND< 1 480 2,500

DP35-14.5 14.5 7/16/2010 ND< 0.97 360 3,500
DP35-20B 20 7/16/2010 ND< 0.87 ND< 1 1

DP36-0 0 7/12/2010 ND< 1.1 43 160
DP36-5 5 7/12/2010 ND< 1.2 230 850

DP36-10 10 7/12/2010 ND< 0.91 10 47
DP37-0 0 7/12/2010 ND< 0.96 86 400

DP37-4.5 4.5 7/12/2010 ND< 0.86 20 44
DP38-0 0 7/12/2010 ND< 0.95 110 440
DP38-5 5 7/12/2010 ND< 0.85 ND< 1 ND< 1
DP39-0 0 7/12/2010 ND< 0.98 750 7,000

DP39-20
(Duplicate of DP39-0) 0 7/12/2010 ND< 1 1,000 8,600

DP39-5 5 7/12/2010 ND< 0.88 16 58
DP40-0 0 7/14/2010 ND< 0.99 330 1,500

DP40-4.5 4.5 7/14/2010 ND< 0.81 150 540
DP41-0 0 7/14/2010 ND< 1 1,400 6,200
HA1-0 0 7/14/2010 ND< 0.76 150 640

HA1-20
(Duplicate of HA1-0) 0 7/14/2010 ND< 1.3 330 1,800

HA1-2 2 7/14/2010 ND< 0.71 130 540
HA2-0 0 7/14/2010 ND< 0.82 40 150

HA2-1.5 1.5 7/14/2010 ND< 1 67 270
HA3-0 0 7/14/2010 ND< 1.2 170 540
HA3-3 3 7/14/2010 ND< 0.9 64 320
HA4-0 0 7/14/2010 ND< 0.85 21 96
HA4-5 5 7/14/2010 ND< 1 34 130
HA5-0 0 7/14/2010 ND< 0.91 230 1,200

HA5-1.5 1.5 7/14/2010 ND< 0.92 260 1,300
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Commodore Schuyler F. Heim Bridge Replacement Project
Long Beach, California

July 30, 2010
Project No. 207940001

TABLE 4 – SOIL SAMPLE ANALYTICAL TEST RESULTS – TPHs

Sample ID
Sample 
Depth

Date Sampled
EPA Method 8015B

mg/kg
TPHd TPHoTPHg

HA6-0 0 7/13/2010 ND< 0.87 6 22
HA6-5 5 7/13/2010 ND< 1.4 ND< 1 3
HA7-0 0 7/13/2010 ND< 0.99 17 52
HA7-3 3 7/13/2010 ND< 1 3 19
HA7-5 5 7/13/2010 ND< 1.2 5 18
HA8-0 0 7/15/2010 ND< 0.78 210 1,500
HA9-0 0 7/13/2010 ND< 0.97 88 290

HA9-20
(Duplicate of HA9-0) 0 7/13/2010 ND< 0.94 96 300

HA10-0 0 7/12/2010 ND< 4.1 3 8
HA10-5 5 7/12/2010 ND< 1.2 27 110
HA11-0 0 7/15/2010 ND< 1 23 110
HA12-0 0 7/15/2010 ND< 1.4 240 1,200
HA12-2 2 7/15/2010 ND< 0.93 38 250
HA13-0 0 7/15/2010 ND< 0.94 2 14
HA13-1 1 7/15/2010 ND< 0.75 7 32
HA14-0 0 7/15/2010 ND< 0.96 540 1,800
HA14-1 1 7/15/2010 ND< 1.4 ND< 1 2
HA15-0 0 7/15/2010 ND< 1.2 39 140
HA15-5 5 7/15/2010 ND< 0.99 250 690
HA16-0 0 7/16/2010 ND< 1.3 740 4,200
HA16-5 5 7/16/2010 ND< 0.88 58 290

HA16-20
(Duplicate of HA16-5) 5 7/16/2010 ND< 0.98 17 97

HA17-0 0 7/16/2010 ND< 1 1,200 6,500
HA17-20 

(Duplicate of HA17-0) 0 7/16/2010 ND< 0.87 660 3,600
HA17-2 2 7/16/2010 ND< 1.2 560 3,300

Notes:

mg/kg − milligrams per kilogram
EPA − United States Environmental Protection Agency
CRWQCB - California Regional Water Quality Control Board
bgs - belowground surface
PQL - Practical Quantitation Limit
ND − not detected above the Practical Quantitation Limit
MSSL - RWQCBs Maximum Soil Screening Level above drinking aquifer less than 20 feet bgs. 

Regulatory Screening Levels
MSSLs <20 feet bgs 100 1,000100
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Commodore Schuyler F. Heim Bridge Replacement Project
Long Beach, California

July 30, 2010
Project No. 207940001

DP24-0 0 7/12/2010 ND< 16 ND< 33 ND< 16 ND< 16 ND< 16 ND< 16 ND< 16 ND< 16 ND< 16
DP24-20

(Duplicate of DP24-20) 0 7/12/2010 ND< 16 ND< 33 ND< 16 ND< 16 ND< 16 ND< 16 ND< 16 ND< 16 ND< 16

Notes:

mg/kg − milligrams per kilogram
mg/kg − micrograms per kilogram
EPA − United States Environmental Protection Agency
PQL - Practical Quantitation Limit
ND − not detected above the PQL
NE − non established
NA − not applicable
* - regulatory screening levels only noted for those analytes with reported concentrations above the PQL
CHHSLr - California Human Health Screening Levels for residential land use, (1/2005)
CHHSLi - California Human Health Screening Levels for industrial land use, (1/2005)
RSLr − EPA Region 9, Regional Screening Levels for residential Properties (5/2010)
RSLi − EPA Region 9, Regional Screening Levels for Industrial Properties (5/2010)

Aroclor_1268

TABLE 5 – SOIL SAMPLE ANALYTICAL TEST RESULTS – PCBs

Aroclor_1248 Aroclor_1254 Aroclor_1260 Aroclor_1262

EPA Method 8082
µg/kgSample ID

Date 
Sampled

Sample 
Depth

Aroclor_1016 Aroclor_1221 Aroclor_1232 Aroclor_1242

3,900
21,000

CHHSLr

RSLr
RSLi

CHHSLi
140
540

0.089
0.3
140
540

220
740

0.089
0.3

740

0.089
0.3
220
740

220 220

0.089

NE

0.3
NE

740

0.3

NE
NE

Regulatory Screening Levels*
0.0890.089

0.3
0.089

0.3
0.089
0.3

0.089
0.3
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Commodore Schuyler F. Heim Bridge Replacement Project
Long Beach, California

July 30, 2010
Project No. 207940001

Chromium

Total mg/kg 43
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 46
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 22
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 21
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 19
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 70
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 100
STLC mg/l

STLC-DI mg/l ND
TCLP mg/l

DP15-20 20 7/16/2010

DP23-20 20 7/16/2010

DP8-0 0 7/15/2010

DP4-0 0 7/13/2010

DP6-6.5 6.5 7/15/2010

DP3-2 2 7/13/2010

DP3-3 3 7/13/2010

DP3-0 0 7/13/2010

DP3-20
(Duplicate of DP3-0) 0 7/13/2010

48

Test Type Units

610

64

160

ND

ND
6.4

Lead

0.27
13

0.33

ND
4.0

ND

65

ND
1.9

190

200

ND
13

0.31

TABLE 6 – SOIL SAMPLE ANALYTICAL TEST RESULTS – Total and 
Soluble Lead and Chromium 

Sample ID
Sample 
Depth

Date 
Sampled

Analyte

ND

ND

260
19

ND

ND
19

3.2
ND

0.31

ND

360

1.1

44
0.27
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Commodore Schuyler F. Heim Bridge Replacement Project
Long Beach, California

July 30, 2010
Project No. 207940001

Chromium

Test Type Units

Lead

TABLE 2 – SOIL SAMPLE ANALYTICAL TEST RESULTS – Total and 
Soluble Lead and Chromium 

Sample ID
Sample 
Depth

Date 
Sampled

Analyte

Total mg/kg 26
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 60

STLC-DI mg/l
Total mg/kg 8.3 92
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 19
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 19 70
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 40
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 27
STLC mg/l

STLC-DI mg/l
TCLP mg/l
Total mg/kg 28
STLC mg/l

STLC-DI mg/l
TCLP mg/l

DP25-0 0 7/12/2010

DP24-20
(Duplicate of DP24-0) 0 7/12/2010

DP34-0 0 7/15/2010

7/12/2010

HA1-2 2 7/14/2010

DP36-5 5

HA7-1 1 7/13/2010

HA7-0 0 7/13/2010

HA9-20
(Duplicate of HA9-0) 0 7/13/2010

HA9-0 0 7/13/2010

ND
5

0.33

31

ND
0.78

ND

ND

210

ND

ND
3

ND

ND
1.3

ND

ND

ND

61
5

0.33

ND
1.8

ND

ND
1.8

ND

40

40

21

34
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Commodore Schuyler F. Heim Bridge Replacement Project
Long Beach, California

July 30, 2010
Project No. 207940001

Chromium

Test Type Units

Lead

TABLE 2 – SOIL SAMPLE ANALYTICAL TEST RESULTS – Total and 
Soluble Lead and Chromium 

Sample ID
Sample 
Depth

Date 
Sampled

Analyte

Total mg/kg
STLC mg/l
TCLP mg/l
Total mg/kg
STLC mg/l
TCLP mg/l
Total mg/kg
STLC mg/l
TCLP mg/l
Total mg/kg 16
STLC mg/l

STLC-DI mg/l
TCLP mg/l

Notes:
mg/kg – milligrams per kilogram
mg/l – milligrams per liter
TTLC – total lead for comparison to the Total Threshold Limit Concentration

STLC-DI – soluble chromium or lead by WET using deionized water
TCLP – soluble lead by the Toxicity Characteristic Leaching Procedure
ND − not detected above reporting limits presented in Appendix A

2 7/12/2010

HA10-1 1 7/12/2010

HA11-0 0 7/15/2010

HA10-3 3 7/12/2010

HA10-2

10
0.49
ND

ND

ND
2.1

ND
ND
ND
16

51

ND

STLC – soluble chromium or lead by the Waste Extraction Test (WET) using citric acid for comparison to the Soluble Threshold Limit 
Concentration

0.94
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APPENDIX A 

GIS DATABASE EXCEL SPREADSHEET DELIVERABLE 

(Will be included in final report) 
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APPENDIX B 

HEALTH AND SAFETY PLAN 

[COPY FROM WORKPLAN] 
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APPENDIX C 

BORING LOGS 
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APPENDIX D 

FIELD PROCEDURES AND LABORATORY QA/QC PLAN 

[COPY FROM WORKPLAN] 
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LABORATORY REPORTS 
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APPENDIX F 

WASTE MANIFEST 

[PENDING] 

 



APPROXIMATE SCALE IN FEET 

0 ,2400 4800 

N0TE:ULDMENSIONS. DRECTIONSUIDLOUTIOLIS/\RE/\PPROXILUTETE 

a 
M.pO Rmnd Y ~ m I l y . R . L C 7 ~ I 2 D  

SITE LOCATION MAP 
PROJECT NO. DATE SCHUYLER HElM BRIDGE 

207940001 LONG BEACH, CALIFORNIA 7/10 
1 



REFERENCE: PLAN PROVIDED BY CALTRANS, 911 112008. 

1 LEGEND 1 
1 DIRECT PUSH BORING TO 15' BGS 

HAND AUGER BORING TO 5' BGS 

1 BGS BELOW GROUND SURFACE 

yinyo &@anre PROPOSED BORING LOCATION MAP FIGURE APPROXIMATE SCALE IN FEET 

0 140 280 PROJECT NO. DATE SCHUYLER HElM BRIDGE 

NOTE: ALL DIMENSIONS, DIRECTIONS AND LOCATIONS ARE APPROXIMATE. 207940001 711 0 PORT OF LONG BEACH, CALIFORNIA 2 



2 z c v:/ ~ L L L  norc 

'2 I F C -  tCC 

6 '  p!![; " W O  5" 
rin P W P V : ~  

2 
S 
7 

4 

0 
xt 
01 
r. 0 DIRECT PUSH BORING TO 15' BGS 
N 

HAND AUGER BORING TO 5' BGS 

APPROXIMATE SCALE IN FEET 

SERRF 
UPH 



REFERENCE: PLAN PROVIDED BY CALTRANS, 911 112008. 

1 LEGEND 1 
1 . DIRECT PUSH BORING TO 15' BGS ~ 

HAND AUGER BORING TO 5' BGS 

BGS BELOW GROUND SURFACE 

APPROXIMATE SCALE IN FEET 

0 140 280 

NOTE: ALL DIMENSIONS, DIRECTIONS AND LOCATIONS ARE APPROXIMATE. 

yinyo &@anre PROPOSED BORING LOCATION MAP 

SCHUYLER HElM BRIDGE 
PORT OF LONG BEACH, CALIFORNIA 

PROJECT NO. 

207940001 

FIGURE 

4 DATE 

711 0 



0 

2 
(LI 
7 

4 

0 
xt 
01 
r. 
0 N 

\ 

P 

% z 
0 
P 
-P 
0 

W 
W 
u 
3 

f' 

MARINA 2 

34 1' D\IPP> 

I \ 

I "CE X- \IF , P ? L I  i 7  4 I L L  Tu i Ll4P u \ 
PJvlJ at: 

51 1 \ I 
\ 

\ 
1 

'\ 
HENRY FORD A v e  

BADGER BRIDGE (RR)  I 
\ - - - -  - 

(D 
W 

\ 
u 

! 3 

L - - \ $2 - - _  - H 17 
LLL \ 

'FL 
z > - \ -- ---- - - / - 
22 

% 
r i 

0 8 8 
z + L h i I Z A n c N  

" , 

I L t  I I U  
SCL  L PLANS 

SB ROUTE 4 7  4 

t: 
/' 

LO5 t E L I N  7 - 
3 '  

0 1 2 1 7 ~ ; : ~ ~  @ 0 NB ROUTE 47  
@ DP31 

; PIER 14 PIER 15 7 I +E+lv -- - I I 

$c POLB 51" RCP \ 

I I r~ STORM DRAIN \ '$1 i - 4767 J 

PIER A 
- i / h  

C1 
fl 
P i \ 2 
4 
0 
in 1 

C) * i z i- 

P 
Z 

A 
r- 

DIRECT PUSH BORING TO 15' BGS 
BGS BELOW GROUND SURFACE 

POLB PORT OF LONG BEACH 
REFERENCE. PLAN PROVIDED BY CALTRANS, 911 112008. 

APPROXIMATE SCALE IN FEET 

0 140 280 

NOTE ALL DIMENSIONS, DIRECTIONS AND LOCATIONS ARE APPROXIMATE 

yinyo &@anre PROPOSED BORING LOCATION MAP 

SCHUYLER HElM BRIDGE 
PORT OF LONG BEACH, CALIFORNIA 

PROJECT NO. 

207940001 

FIGURE 

5 DATE 

711 0 



HAND AUGER BORING TO 5' BGS ~ 

2 
2 
7 

4 

0 
xt 
01 
r. 
0 N 

BGS BELOW GROUND SURFACE 
REFERENCE: PLAN PROVIDED BY CALTRANS, 911 112008. 

HENRY FORD Ave I \ 

/ '(-- - - - -- 
A +> 

In 
ABUTMENT 28 

MSE WALL El  MSE WALL G I  

POLE 51" RCP 
STORM DRAIN 

PIER A 

PIER A PLA 

\* 

P 
\ .  

A\ 

LEGEND 

DIRECT PUSH BORING TO 15' BGS 

APPROXIMATE SCALE IN FEET 

0 140 280 

NOTE: ALL DIMENSIONS, DIRECTIONS AND LOCATIONS ARE APPROXIMATE. 

yinyo &@anre PROPOSED BORING LOCATION MAP 

SCHUYLER HElM BRIDGE 
PORT OF LONG BEACH, CALIFORNIA 

PROJECT NO. 

207940001 

FIGURE 

6 DATE 

711 0 



1 DIRECT PUSH BORING TO 15' BGS 

a HAND AUGER BORING TO 5' BGS 

BGS BELOW GROUND SURFACE 
REFERENCE: PLAN PROVIDED BY CALTRANS, 911 112008. 

APPROXIMATE SCALE IN FEET 

0 140 280 

NOTE: ALL DIMENSIONS, DIRECTIONS AND LOCATIONS ARE APPROXIMATE. 

yinyo &@anre PROPOSED BORING LOCATION MAP 

SCHUYLER HElM BRIDGE 
PORT OF LONG BEACH, CALIFORNIA 

PROJECT NO. 

207940001 

FIGURE 

7 DATE 

711 0 



May 7,20 10 
EM1 Project No. 06- 123-03 

Alameda Corridor Transportation Authority 
One Civic Plaza, Suite 350 
Carson, California 90745 

Attention: Mr. Lucien Hersh, P.E. 
Project Manager 

Subject: Finn1 Foundation Report, NB SR 103 Off-Rnmp, Bridge No. 53-3034K 
Eos Angeles County, Califarnia, (7-LA-47, PM 0.01, EA 238501) 

Dear Mr. Hersli: 

Attached is our Final Foundation Report for the subject bridge. This report presents the results of 
our analyses and recommendations for design and construction of the bridge foundation for the 
subject bridge replacement. 

The Foundation Report for the subject bridge, dated February 8,201 0, was submitted to Caltrans. 
The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed the report and provided 
their comments on Mwch 23, 2010. EM1 developed responses to the OGDS-1 review comments 
and submitted them on April 20, 2010. OGDS-1 review comments and EM1 responses are 
included in Appendix I. The responses to these review conments have been incorporated into 
this Final Foundation Repoi-t. 

We appreciate tlie opportunity to provide geotechnical services for this project. If you have any 
questions please call us. 

Sincerely, 
EARTH MECHANICS, INC. 

Patrick Wilson, PhD 
Staff Engineer 

Project Manager 

EXP. 6-30-2010 

Eric Brown, GE 
Senior Engineer 
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1.0 INTRODUCTION 

1.1 Purpose and Scope of Worlr 

This Foundation Report presents the findings and conclusions of a geotechnical investigation 
conducted by Earth Mechanics, Inc. (EMI) for the proposed State Route-103 Off-Ramp in Los 
Angeles County, California (Bridge No. 53-3034K). The report has been prepared in general 
accordance with Caltrans Guidelines for Foundation Investigation and Reports (Caltrans, 2006e). 
It presents results of our foundation analysis and provides design and constl-uction 
recommendations to assist the bridge designers in preparing the project Plans, Specifications, and 
Estimates (PS&E) for the project. 

The geotechnical services provided for this project included the following tasks: 

Collection and review of existing geotechnical information; 
a Field exploration consisting of drilling, sampling and logging exploratory borings; 
0 Laboratory testing of selected bulk and relatively undisturbed soil samples; 
0 Engineering analysis to develop foundation design and construction recommendations; 
a Preparation of tlzis report presenting our findings, conclusions, and reconmendations. 

1.2 Project Description 

The Schuyler Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a 
joint partnership between Caltrans and the Alameda Corridor Transpoi-tation Authority (ACTA). 
The project proposes to replace the seismically deficient Schuyler Hei~n Bridge over Cerritos 
Channel and add a four-lane elevated roadway connection to Alaineda Street that will bypass 
three signalized intersections and five at-grade railroad crossings. The location of the project is 
shown in Figure 1. 

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge with an elevated profile to provide a nlinimum vertical clearance of 
47 ft in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The 
prop~sed bridge replacement project includes bridge structures along the southbound exit ramps 
and northbound entrance ramps at New Dock Street and State Route-103 (SR-103). This report is 
prepared for the replacement of the SR-103 Off-Ramp structure (Figure 2). 

The proposed SR-103 Street Off-Ramp is a three-span Cast-in-Place (CIP) prestressed concrete 
box girder bridge supported on a single seat type abutment and two single-column bents. The 
south end of the structure terminates at an expansion joint where the SR-103 Off-Ramp abuts the 
mainline structure approximately 25 fi north of Bent 24 of the mainline. The bridge deck varies 
in width up to about 42 fi and is approximately 443 fi long. 

The typical bridge bent has a single column with each column supported on a single 12 fi 
diameter Type I1 cast-in-drilled-hole (CIDH) pile. The abutments are supported o n  2.5-foot 
diameter CIDH piles. 



1.3 Existing Bridge Information 

The existing Schuyler Heim Bridge is a 45-span sti-ucture, is approxinlately 3,975 feet long and 
varies froin about 80 to 130 feet in width. SR-47 connects to SR-103 via at-grade ramps to the 
north of the existing northern bridge abutment (Abutment 45) so there are currently n o  SR-103 
connector ramp bridges. Abutment 45 of the existing Schuyler Heim Bridge is located about 
275 fi south of the southern most bent (Bent 25) of the proposed SR-103 Off-Ramp bridge. 

Based on the as-built plans, the existing bridge is supported on a combination of timber piles and 
14BP73 driven steel piles. Steel piles with a design loading of 40 tons are used at the abutments 
and timber piles with a design loading of 22 tons are used at the bents. 

Copies of selected sheets from the as-built drawings for the existing Schuyler Heim Bridge 
relevant to the SR-103 Off-Ramp are provided in Appendix A. 

1.4 Limitations 

This report is intended for use by Alameda Corridor Transportation Authority (ACTA), its 
design team members and the Califonzia Department of Transportation (Caltrans) for the 
proposed SR-103 Off-Ramp bridge. This report is based on the project as described herein and 
the information obtained from the exploratory borings at the approximate locations indicated on 
the attached plans. The findings and recommendations contained in tlis report are based on the 
results of the field investigation, laboratory tests, and engineering analyses. Also, soils and 
subsurface conditions encountered in the exploratory borings are presumed to be representative 
of the project site; however, subsurface conditions and characteristics of soils between 
exploratory borings can vary. Findings reflect an interpretation of the direct evidence obtained. 
Recommendations presented herein are based on the assumption that an appropriate level of 
quality coiztrol and quality assurance (inspections and tests) will be provided during construction. 
EM1 should be notified of any pertinent changes in the project plans or if subsurface conditions 
are found to vary from those described herein. Modifications to the project plans or variations in 
subsurface conditions may require re-evaluation of the recommendations contained in tlnis repo1.t. 

The data, opinions, and recommendations contained herein are applicable to the specific design 
elements and locations which are the subject of this report. Data, opinions, and recommendations 
herein have no applicability to any other design elements or to any other locations, and any and 
all subsequent users accept any and all liability resulting from any use or reuse o f  the data, 
opinions, and recommendations without the prior written consent of EMI. 

EM1 is not responsible for construction means, methods, techniques, sequences, or procedures, 
or for safety precautions or programs in connection with the construction, for the acts or 
omissions of the Contractor, or any other person performing any of the construction, or for the 
failure of any worlcer to carry out the construction in accordance with the Final construction 
drawings and specifications, 

Services performed by EM1 were conducted in a manner consistent with that level o f  care and 
skill ordinarily exercised by members of the profession currently practicing in the same locality 
under similar conditions. No other representation, expressed or implied, and no warranty or 
guarantee is included or intended. 
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING 

2.1 Existing Information 

Existing subsurface information beneath the Schuyler Heim Bridge is available from reports 
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, Inc. (MAA, 1993) 
and Diaz-Yourrnan and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler 
Heirn Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade 
Separation Project, respectively. From these three sources, the only borings in the vicinity of the 
9R-103 Off-Ramp were those shown on the on the as-built Logs-of-Test-Boring (LOTB) sheets 
prepared by LKK for the seismic retrofit of the Schuyler Heim Bridge. 

For the seismic retrofit project, a total of 20 cone penetration test (CPT) soundings and five 
rotary wash borings were performed along the entire Schuyler Heim Bridge alignment. Of those 
CPT's and borings, the nearest exploration to the proposed bridge is a CPT that was performed 
approximately 300 fi south of the southern most bent (Bent 25). That CPT sounding penetrated 
to a depth of 100 fi below existing grade with a deepest penetration to an elevation of - 102 fi. 

Copies of the LOTB sheets prepared by LKR for the seismic retrofit study are provided in 
Appendix R. 

2.2 Supplemental Field Exploration 

A geotechnical field investigation was conducted by EM1 for the entire project between October 
and November, 2009 which included a total of eight hollow-stem auger borings, 42 rotary wash 
borings and 38 CPT soundings. Of that exploration program, three rotary wash borings were 
performed in the vicinity of the SR-103 Off-Ramp. The purpose of the explorations was to log 
subsurface conditions and collect soil samples from locations near the proposed bridge suppoi-ts. 
Soil exploration informatiorl is summarized in Table 1. Approximate locations of the 
explorations performed by EM1 for this project are shown on Figure 3 and on the LOTB sheets 
included ax the end of this report. Upon conipletion, the exploration locations were surveyed by 
Wagner Engineering & Survey, Inc. (WES) under a subcontract with EMI. 

22.1 Soil Borings 

All three of the borings surrounding the proposed bridge were performed at grade on the 
shoulder of the existing northbound SR-103lSR47 ramp. The deepest boring penetrated down to 
about elevation -148 ft, approximately 155 fi below ground surface. 

'Th:? bocings were per-fbmed by C&L Drilling Co. (C&L) and SoCal Drilling Co. (SoCal), under 
a subcontract with EM1, using a tl-uck-lnou~~ted drill rig equipped with 5-in diameter tri-cone 
drill bit and ;I mud-rotary circulation drill system. Subsurface soils and conditions were logged 
and samples of soils were collected for laboratory testing. Large bulk samples of near-surface 
soils were logged and collzcted. Smaller soil samples were collected from borings generally at 
5 fi vertical intervals by means of split-spoon drive samplers; the Standard Penetration Test 
(SPT) sampler and the Modified California Drive (MCD) sampler were used to collect small 
distilrbed and relatively undisturbed samples, respectively. The MCD is a split-barrel sampler 
with a taj~erecl cutting tip and lined with a series of 1 inch tall brass rings. The SFT sampler (1.4 
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inch ID) and MCD sainpler (2.4 inch ID, 3.25 inch OD) were driven using a 140 p o ~ n d  haimner 
falling 30 inches down a total depth of 18 inches or until refusal. The blowcou~~ts for the last fi of 
penetration were recorded on the boring logs. 

As part of the field investigation, SPT hammer energy measurements were perfoilned by 
Eai-thSpectives (ES) under a subcontract with EMI. Based on those measurements, the average 
hanrner efficiency was 62 percent in the borings perfomed by C&L, and 79 percent in the 
borings performed by SoCal. A copy of the ES report is provided in Appendix C. 

Boring geophysical measmements were also collected by GeoVision (GeoVision 2009) under a 
subcontract with EM1 in six uncased borings as part of the project. Compression (P) and shear 
(S) wave velocities were measured along the entire boring depth at the six selected boring 
locations. A copy of the GeoVision report is provided in Appendix D. 

Table 1. Soil Exploration Information 

Approx. Approx. Bottom of 
Boring Line Approx. Approx. Approx. 

Station Offset (ft) GSE (ft) GWE Boring Elevation Method 
(ft) (ft) 

R-09-03 0(') 423+04.5 11.8 Rt +6.8 -1 1.7 
. . , "E" '- 

-149.2 RW 

R-09-032"' 
.- 

424+79.5 2.3 Lt +4.1 -9.9 -146.4 RW 
Line ,. - ... -. 

R-09-033(') 42S+P7.5 84.7 Rt +6.1 -9.9 -94.9 RW 

.Notes: 1. Boringperfirmed by C&L. Drilling Co. 
2 Boring perfonned by SoCalDrilling Co. 
3. G WE = Groulzdioater Elevation. 
4. GSE = Ground Surfice Elevation (estinzatedfioin topographic plans). 
5. Top oj'Boring Elevntion Bused on NAVD88. 
6. RW = Kotav Wash, CPT = Cone Penetration Test. 

2.3 Laboratory Testing 

Laboratory tests were performed to determine relevant physical characteristics and engineering 
propel-ties of soils that exist at the site. Selected soil samples were tested to determine soil 
classification and physical and engineering properties. A list of tests performed, the 
conresponding test methods, and ptlrpose of testing is presented in Table 2. 

The laboratory soil tests were conducted in general accordance with California Test (CT) 
methods or American Society for Testing and Materials (ASTM) standards. Test results are 
shown on the LO7'B sheet at the end of the report and in tables in Appendix E. 



Table 2. Explanation of Laboratory Tests Performed 

Applicable Test 
Type of Test Method Purpose 

Test Results 
Location 

Dry Density ASTM' D 2937 Estimate in-situ soil density Appendix E 

Moisture Content ASTM D 2216 Estimate in-situ soil moisture content Appendix E 

No. 200 Wash ASTM D 1140 
Determine the percentage of fine grained 

particles of soil Appendix E 

Sieve & Hydrometer ASTM D 422 Determine particle size distribution of soil Appendix E 

Atterberg Limits ASTMD 4318 Determine plasticity of fine-grained soil Appendix E 

Specific Gravity ASTM D 854 Determine degree of saturation Appendix E 

Consolidation ASTM D 2435 Determine compressibility of soil Appendix E 

UU Triaxial Test ASTM D 2850 Estimate strength parameters of soil 
.-- - -- .- 

Appendix E 
- - 

Direct Shear ASTM D 3080 Estimate strength parameters of soil Appendix E 
- - - - 
Soil pH CT 5321643 Determine corrosion potential of soil Appendix E 

-- -- -- - ----p-----.------.---.-..-.-.--.-- 

Minimum Resistivity CT 5321643 Determine corrosion potential of soil 
- - 

Appendix E 
-4- 

Sulfate Cmntent CT 417 Determine corrosion potential of soil Appendix E 

Chioride Content CT 422 Determine corrosion potential of soil Appendix E 

hTotes: 1. ASTM = American Society for Testing and Materials. 
2. CT = California Y e s t  Method. 





3.0 GEOLOGY 

3.1 Physiography 

The Scll~lyler Heim Bridge spans the Cel-ritos Channel in the Port of Long Beach. Lilce must of 
the shipping cl~annels within the port, the Cei~itos channel is a man-made channel that was 
dredged into the former Wilmington Lagoon wl~ich was a coastal marshland with abundant tidal 
channels, estuaries, and sinall marshy islands. The site area is in the coastal area of San Pedro 
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain 
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the 
northeasl, the Santa Ana Mountains on the east, and the San Joaquin Hills on the south (Figure 
4). The western margin of the basin is open to the Pacific Ocean except for one prominent hill, 
the Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the north from San 
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone 
(Schell, 2007). 

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along 
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet above 
the plain. The margins of the hills and mountains surrounding the basin are commonly elevated 
somewhat above the general level of these major plains by an apron of uplifted sediments such as 
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills. 

The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills such 
as the northwesterly alignrneni of hills and mesas called the Newport-Inglewood Structural 
Zone-NISZ (Figure 4). The NISZ extends from the Newport Bay area on the soul11 to the Beverly 
Hills area 011 the north, and is a result of geologically recent folding and earthquake fault 
displacements. The NISZ divides the basin floor into two major plains, The Downey-Tustin 
Plain on the northeast and the Torrance plain (including the Long Beach Plain) on the southwest. 
'The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5). 

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers. 
These rivers enter the basin through valleys or canyons in the surrounding mountains such as Los 
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin 
floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all minor 
tributaries in the Basin are confined within concrete-or rip-rap-lined channels but in the natural 
state they meandered back arid forth across the Basin floor, conlrnonly shifting outlets. For 
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay through 
Hallona gap and the San Gabriel River flowed into Wilinington Lagoon which is now occupied 
by the Port of Los Angeles. At present, the Los Angeles River flows to the Port of Long Beach- 
L,os Ar~geles area. 

The floor of the 1,os Ar-geles Basin is directly underlain by unconsolidated Quaternary-age saxfly 
sediments. These generally can be subdivided into loose unconsolidated Holocene-age sediments 
which cover the bulk of the basin, and the underlying Pleistocene-age materials of the Lakewood 
and San Fedro formations which are only exposed in some of the uplifts of the NISZ and the 
marginal plains. Hud rocks occur only in the mountains surrounding the basin and at depths 
ranging from a few t'n2usatnd feet to as rnucll as 30,000 feet in the deepest part of the central Los 
Lmgeles Basin. 



Except for the Newpoi-t-Inglewood and the Palos Verdes fault zones, most surface geological 
fa~llts such as the Santa Monica, Hollywood, and Whittier faults occur along the basin margins 
(Figure 4). In Addition to these known surface faults, the Los Angeles region is underlain by 
buried thust and reverse faults. These are poorly understood features with poorly known 
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which 
make up the Puente Hills blind tlu-~~st fault system, are examples (Figure 4). However, any large 
earthq~lakes associated with these subsurface features are most likely to originate at great depths 
(e.g. about 10 to 12 miles), and thus these should not impact the subject site significantly more 
than similar-sized earthquakes on the nearer Newport Inglewood or Palos Verdes faults. The 
1987 Whittier earthquake occurred on one of these subsurface faults (either the Santa Fe  Springs 
or the Coyote I-Iills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel 
Valley northeast of the site. The 1994 Northridge earthquake occurred on a so~ltltl.lerly dipping 
buried fa~llt below the San Fernando Valley. 

3.2 Stratigraphy 

The project area is underlain by a sequence of geologic strata consistent with the general 
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart 
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles 
area. Review of the borehole logs drilled for this project, along with existing boring logs from 
other geotechnical studies and from p~lblished sources (e.g. Zielbauer, et al., 1962; Wright 199 1 ; 
U.S. Geological S~wvey, 2007; Schell, 2007), indicates similar strata. 

The uppennost deposits of most significance to the project were deposited during the last ice age 
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise in sea level 
was not constant b~l t  comprised several fluctuations. Interaction between the fluctuating sea level 
and sedimentary deposition from inland streams resulted in a complex association o f  irregular 
and discontiiluous beds and lenses of marine and non-marine sedimentary strata. The inajor 
stratigraphic units underlying the project corridor are summarized below: 

1) The surficial strata consist of sandy alluvium deposited by streams of the Los Angeles 
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along 
the coast during the past few thousand years (- past 5,000 to 7,000 years). These are 
about 20 to 30 feet thick. 

2) 'The surficial strata overlie early Holocene-age transgressive marine silts and clays 
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits 
occur at depths of' about 25 *5 to 70 *10 feet and represent primarily marine sediments 
deposited during the later stages of the most recent rise in sea level that began about 
15,000 to 20,000 years ago. However, these deposits commonly contain sand and fine 
gravel lenses deposited by seasonal river flooding during intenllittent wetter periods and 
stom-~s inland. 

3) These are underlain bj- the Gaspur Formation which is coarser grained sand a n d  gravel 
inaterial deposited in a relict channel of the Los Angeles River that was cut when sea 
level was lower during the last ice age. As the climate wmned, sea level rose due to 
nlelting ice at the Polar ice c,aps and the short: line retreatzd inland. The Gaspur is about 
70 +I0 feet to about 130 feet deep and conslsis of an upper primarily sandy unit and a 
deeper coarser sand and gr5;:vel unit. The gravels of the Ciaspur channel extend far i~~lartd 



aud coillprise a major aquifer in the Los Angeles area. 
4) The Gaspur chmlel was cut into older Pleistocene inaterial of the Lakewood Formation 

wl3ich is abo~lt 1.60 to 300 thousand years old. The Lakewood is partially marine and 
partially non marine that was deposited during previous Pleistocene ice ages. Lakewood 
sediments were inteilnittently exposed to surficial weathering resulting in desiccation, 
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to 
al7o1it 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Foimation. 

5 )  The SSUI Pedro Formation extends to about 1100 rt50 feet depth and comprises gently 
tilted marine silts and sands overlying the folded Tertiary-age marine deposits (Pico, 
Repetto, Fenlando formations), and the ancient igneous and metamorphic basement rocks 
at a depth of about 10,000 feet. 

Table 3. Stratigraphy and Correlation Chart, Long Beach Area 

California 
Zielbauer Dept. of 

Geologic Sequence Age Estimate Formation (USGS, 2007) 
and others Water 

Series (1962) Resources 

DuneIBeach Sand, 
Coastal Marsh, 

Holocene Transgressive Marine, Dominguez <15 ka Gaspur Gaspur 
Stream 

Alluvium 
-- 

Latest Pleistocene 
Mesa (-30-80 Ita) 

Older Dune Sand, - -- . - 

Stream Aliuvium, Near- pacific Early 0 stage 5 
IJpper shore Marine, - -- - - .- . -- -. - (110-130 - - ka) -- - - -- - . 200 ft sand Gage Pleistnce~ie Lakewuod Frn (R/lariue Constrained between 

and Non Marine) Harbor 0 stage 5 and 9 
(-166-300 ka) 

----- --. 
O stage 9-1 1 

Bent Spring (-300-450 ka) - .. - - - 400 fi gravel Lynwood 
Upper 0 stage 12-14 

Lower 
Pleistocene San Pedro Farmatior? 

Lower 0 stage 15-17t 
Wilmington (-580-<780 ka) . - -- -.- -- - - - - -- 

-2.0 Ma or >2.6 Ma 
from magnetic 

Plioce~e /i polarity and 

upper 
Silverado 

from magnetic Lower 
Pl~ocene R polarity and Silverado 

-- - paleontology 
>2.6 Ma from 

Upper Picoil;ernmdo Pliocene r magnetic polarity and Pico Pico 
Pljocsno Formatiu 11 

jpaleon~ology -- - -- -- 



IJnits 1 tlu-ough 3 were penetrated by many of the deeper on-land borings drilled for this 
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand samples are from 
the Gaspur Formation. ?'he over-water borings generally penetrated deeper and extended tlrough 
the Gaspur into the upper part of the Lakewood Formation. Other units of the stratigraphic 
succession (e.g. the Mesa and Pacific parts of the Lakewood Formation) are present in areas 
adjacent to the project area but were eroded away by the erosion that accompanied deposition of 
the Caspus sediments and therefore are not important to the project. Likewise, the San Pedro 
folxlation is deep below the site and is not important to the project. 

3.3 Geologic Structure 

The regional geological structure was introduced above in the geological Setting. The project 
area is near the crest of the Wilmington Anticline (Figure 5) which is a west-northwest trending 
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late 
Pleistocene strata (Lakewood Formation) form a thin veneer across the Wilmington fold and 
appear to be unaffected by the deeper folding and faulting. 

There are no known active faults at the project site. The nearest major active faults are the Palos 
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the northeast 
(Figures 5 and 6). The Thlms-I-Iuntington Beach fault is deep below the surface (Figure 6). This 
fault is a b x s t  fault dipping northeasterly at about 25-35 degrees. Some geoscientists suspect the 
fault is a potentially active blind thrust fault but high-resolution geophysical data clearly show 
the fault does not displace sediments youngel than 3 or 4 million years old (Schell, 2007). 
FU-tl~errnore, the fault displacement diminislles toward the noi-tl~west and is virtually nil under 
the project area (Figures 5 and 6). 

3.4 Seismicity 

The project site is ln seissnically active southern California. The present-day seisrnotectonic 
stress field isr tlle L,os Angeles region is one of north-northeasterly compression. This is indicated 
by the geologic sti-uctures, by earthquake focal-mechanism solutions, and by geodetic 
measurements. These data suggest crustal shortening of between 5 and 9 r d y s  across the 
greater Los Angeles area (Argus et al., 1999). 

Historical earthquake epicenter maps show widespread seismicity throughout the region. The 
larger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose 
clusters along the PJewport-Inglewood Structural Zone, along the southern margin of the Santa 
Monica Mountains, along the northern side of the Sm Fernando Valley, the southern margin of 
the S;m Gabriel hdountains, and in the Coyote Hills-Puente Hills area. Although historical 
earthquakes have occ~rred in proximity to known faults, they are often difficult t o  directly 
associate with mapped fd~~l t s  unless there was a swfixce rupl.ure or a rabust sequence of 
al?ersho<;ks. Ward (19933 estimated that about 40 percent of seismic rnoment can not be 
conelated with kr~omn faults. Part of the correlation difficulty is due ta the fact that the basin is 
underlain by the subs~lrface blind tlmst faults that are not likely to be discevered imtil they 
rupture during an earthquake. 



The largest historical earthquakes it1 the region were the 1994 Northridge and the 1971 San 
Fernando earthquake both of ~vhich occurred north of the 1,os Angeles Basin (Figure 7). The 
1994 eartl~quake had a moment magnitude (MW) of about 6.7 (MS = 6.8, h4L = 6.4), and 
occw-red on a southerly dipping subs~~rface fault which was unlu~own prior ti, the earthquake. 
T11e maill shock occurred at a depth of about 12 miles below the colnlnunity of Reseda in the San 
Fenlando Valley. E,arthquake aftershocks clearly defined the iupture surface dipping about 35 
degrees southerly from a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The 
causative fault was never identified with certainty, but it may have been on the eastern extension 
of the Oakridge fault (Yeats and Huftile, 1995), a so~~tltherly dipping fault bounding the Ventura 
Basin and dipping under the Santa Susana Mountains. 

The 1971 San Fenlando earthquake was of similar size (MW = 6.7, MS = 6.4, ML - 6.4) to the 
1994 event but did invoive surface rupture. The 1971 event occurred on a northerly dipping 
thrust fault that dips from the northern side of the San Fernando Valley to a depth of about 9 
miles under the San Gabriel Mountains. Several mapped surface faults such as the Sylmar fault, 
'Tujunga fault, and Lakeview fault were involved. These faults are commonly considered to be 
part of the Sieisa Madre fault system which extends easterly along the southern margin of the 
San Gabriel Mountains from the San Fcrnando Valley to the north side of the San Gabriel 
Valley, and to the Cllcarnonga fault in the San Bernardino area. 

The largesl historical earthquake in the Los Angeles region to have a major impact o n  the site 
area was the 1933 Long Beach event which had a magnitude of about MW = 6.4 (ML = 6.3). 
This earthquake did not rupture the surface but is believed to have been associated with the 
Newport-Inglewood Structllral Zone because of the distribution of aftershocks and the 
abundance of ground disturbances in proximity to the hult zone (Figure 7). Although ground 
fzilures were ahwidant alorig the NISZ trend, no unequivocal surface rupture was identified 
(Benioff, 1938). R-eevaluation of the seismicity data by Hauksson and Gross (1991) led to 
relocatioli of the 1933 earthquake hypocenter to a depth of about 6 nmiles below the Huntington 
Beach-Newport Beach city boundary. 

TT'lle 1987 Whittier earthquake (ML = 5.9, MW = 5.9) occul-red on subsurface faults dipping 
under the Pueilte Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer, 
1999; Shaw et al., 2002). This zone of faults is referred to as the Puente Hills blind thrust fault 
system (Figure 4). This event did not rupture the ground surface. 

Another significant earthquake in the Los Angeles region was the 18 12 earthquake which caused 
darnage at the Sari Juan Capistrano Mission. The location and magnitude of the I812 earthquake 
are w l h ~ ~ v m  because of the sparse population at the time, but geological studies (JacoEy et al., 
1988, Weldon et al,, 3,004) postulated that it did not occur in the Los Angeles Basiin area, but 
ralii!la, was z large 7,O) distant event on the Sm Pndreas fault in the Wrightwood area of the 
Sag Gabriel I?.lc)xl~t;li~~. 

The earliest documented earthquake in the region was repoi-ted by the Spanish Portola' 
expedition as they camped near the Santa h a  River in 1769. This event has been attributed by 
various geoscientists to just about evzry fault in tile Los Angeles ares but it collld just as well 
have been i7. disiant event ha t  shoolc a wide area as did the 1871 Sm Fernando, the 1987 
TV~iiitii.,r. aq6 the 1994 l\lor?rhi.iclge e-vents. as well as many oiller nisre-distartt events (for 
exmqle, the 1812 or 1992 Lmders evei~ts). 



3.5 Geologic Hazards 

3.511 Surface Fault Rupture 

No surficial faults are known at the site, therefbre the potential for gro~md rupture due t o  faulting 
is negligible. The newest major faults with a known potential for surface rupture are the 
Newport-Inglewood zone to the nol-tl~east and the Palos Verdes Hill fault to the southwest 
(Figures 4, 5, and 6:). 

3.52  Subsidence 

?lie ground srlrface in the Long Bcach Harbor area has ~mdergone substanitial lowering during 
the 20th century due to subsidence of the sedir~ellts and rocks underlying the area. Some of this 
subsidence may have been due to natural causes (e.g. narural grouiid-water decline, sediment 
c:omnpaction, tectonics, 1933 Long Beach earthquake). Harris (1 945) estimated natural subsidei.~ce 
uf about half an inch per year. The principal cause of the subsidence has been attributed to 
witlidram7al of oil and gas (Allen, 1984; Strelde, 1987): but ground-water extraction undoubtedly 
contributed, perhaps 2 feet out of the 29 feet (7%), to the total subsidence. 

Subsiderice accelerated with development of the Wilmington oil field in 1936. The area of 
subsidence forms a circular or bowi-shaped area centered on the northeast conler of Teilninal 
Island (Figure 8A). The maximtun subsidence in the center of the subsidence bowl is about 29 
fket. Subsidence along the Heim Bridge project col-ridor in the western part of the sulxidence 
bavd was about 14 feet (Figure 8A). The maximum rate of subsidence reached about 2.4 fect per 
;ear by 1851. The subsidence was so great that dilces had to be, built within the harbor area to 
prevent flooding by sea water. Sorne of the subsided areas behind the dikes have recently beell 
filled bringing the groui.td surface back to above sea level (-2 4-15 feet). 

Sulxidenze w-as arrested hy resioring pressure to the oil zunes through injection of water into the 
oil weils. This has not 01114 stopped subsidence but has resulted in some rebound, and also has 
been of economic benefit by driving more oil to the produicing wells. Initial injection began iin 
1953 bfit was not fully established mtii about 1958; by 1961 injection was widespread. 
Cessation sf  sl~bsidence occurred w i t h  a couple years. Elevation rebound was noticed in 1958 
2nd reaclled a maximum by about 1964 with only niinor fluctuations since. Maximum elevation 
reboarnd has been about i .6 feet along Street: mi at  he Heim bridge about 1.2 feet 
(Figure 8B). 

The subsidenze dic! no; cause sigiutifcmi dw.~agc KO most swface facilities but it did dmiaye oil 
wclls ai about 1,500-2.000 feet cleptl1, and induced several small e~dhyu~akes, In all, about 500 
\lirclls were da~.nnged. ' s ~ 4 1 r ~  of t31~ oli wel! ca~ings were rheared off t̂ fr so se~revcly damzged that - 

ti-ie :n~eiIs !lac1 to be nb~nilol~eii $2-td redrjilzd. 

h4athematicai calc~riatio~ls uidicate fllat up to 56 iket of subsidence could occur if allowed to 
cojitinue tmchecited. To prevent and coi~trnl further subsidence, injection must be maintained 

7-7 even after cessatiorl of' flvid wjthdrawa!~. I he City cbf Long Beach Gas and Oil Department 
i'L,RGi)lY) ,<urvt:ys elev1~7::or) cl;;orges twice a yeal-, ax! moritolr, oil field fluid injection. desigccd 
ic? correcl clevaiior~ ella-nge;. 'i be I,U<:c'qI; es tj~liate~, s:irveiT aicuxacy of-about 0.24-iches: ,-~rc~~s - - 

arcG cc:~~Ei~jei'r,ci IO  k):: stable if c;e\.d:io;: il~;,jljlges a3.e less 111an f':;it jI,EIGQTl, 2009). L3cach  narks 



rise and fall in a somewhat randoni manner that is not completely understood but injections do 
seen1 to con-ect elevation changes. The coi-relation between illjection and elevation rebound 
appears to be good, but it may take a few months to a year or so to be fi~lly realized. 

'There are 3 "index" bench marks near the Heim Bridge; one at the north abutment and two more 
a little fasther to the north. Several other bench marlts are scattered around the bridge area. Based 
on measurements of these benchmarks, it appears that s~lbsidence of the Heim Bridge a1e2 has 
resumed since 1995 and total subsidence of about 2 feet has been observed in the Heim Bridge 
area since 1995, DLU-ing the recent years, the annual subsidence rate seems to have decreased; 
Meawlrel~lents were approxilnately 0.6 in. during the period between May 2007 and April 2008 
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009). 

3-53 Flooding 

Tlle flood inundation map in the Los Angeles County safety element of the General Plan (1990) 
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in 
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of 
\vlieri it is full, is quite small and it is difficult to imagine that a significant flood susge could be 
maincaked across the flat open temain for the 30 i- miles across the San Fernando Valley and 
Los Angeles 13asin; therefore, the potential for flooding of the site is considered low. 

3.5.4 Tsunami and Seiche 

Tsunamis are sea waves generated by submarine earthquakes, landslides, and volcanic eruptions. 
Seick~es ase waves internal to an enclosed or highly restricted body of water that wash back and 
forth acro5s the basin. Smaller tsunamis may be common but their ml-ups are no more than 
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsu~arnis 
are caused by si-lbmarine earthquakes with a magnitude of about 7 or larger. 

Most tsunamis to affect the Los Angeles-Long Beach harbor areas have been generated by 
distant earthqudces although Califoillia has had few locally generated, historic tsunamis, namely 
the 1812 Smta Barbara earthquake and the 1927 Point Argue110 earthquake. According to 
Houston (1979), the Los ,4ngeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being 
the worst) indicating a potential for water run-ups of 5 to 15 feet. 

Gnlifiimia has been s tack by several other significant tsunamis generated in the northem Pacific 
(fix example, the 1946 .4leutian earthquake of Mw = 7.8 and 1964 Alaska event of Mw = 9.2); 
ar~d in tine sol-lthem Pacific (1922 Chile earthquake of Mw = 8.4 and the 1960 Chile event of Mw 
= 9.5). The i964 A.laska earthquake caused severe damage and 15 fatalities i n  northern 
Ca!iFo~-nia. In so~~tltlaerr~ Califal-~ia, the most serious recorded tsunami was generated b y  the 1960 
Chile eadhqu3ke. 'Yhc greatest damage occurred in the Long Beach-Los Angeles Harbor where 
5-foot-high seiclie waves surged back and forth in the channels. Currents of 12 kr~ots were 
reposted as the wai,er rose and fell rapidly. A 6-foot drop in water level occurred in I minute at 
Long Beach and 3 foot drop in 5 minutes along the Cersitc~s Cl~annel. The currents torz some 306 
srr:ail bons an2 yachts from the dips md as macy as 30 werz simk. Damage was estinzted at 
between F.506,Qii:i ! t j  mer $1,090,003 



A comprel~ensive tsunami analysis for the ports of Long Beach and Los hlgeles by Moffat & 
Nicllol (2007) basically confirmed the tsunami hazard fro111 distant events. The malysis included 
tsunamis generated by local sources such an eartl.~qualces in the nearby offshore So~~thern 
Califo~nia Continentai Borderland, and by landslides off the Palos Verdes sllelf. No ts~maniis 
have been documeilted from such local events d~~r ing  historical times. These events are 
extremely rare with recurrence intel~als up to about 10,000 years. The results of the analysis 
indicate that the maximum water level within the Cerritos channel near Heim bridge could be as 
high as about I1  feet. Current speeds should be less than about 3 ft/sec. 
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4.0 SUBSURFACE CONDITIONS 

4.1 Subsurface Conditions 

Soil stratigraphy is defined by the available soils information and the exploratory borings and 
CPT sounding (described in Section 2) perfoimed under the supervision of EM1 personnel for the 
project. Within the depths explored (down to aboult elevation -148 ft), the subsurface profile 
consists of about 50 to 60 ft of interlayered all~lvial deposits overlying Gaspur Fonnation sand. 

At the subject bridge site, natural grade lies at an elevation of about zero, with a few feet of 
import fill for the existing northel-n approach embanlunent to Scl~uyler Heinl Bridge extending to 
a maximum elevation of about +8 ft near SR-103 Off-Ramp Bent 25. The near surface deposits 
consist of silty sand and sandy silt between natural grade and about elevation -4 ft. The near 
surface deposits are underlain by a thick strata of inter-layered medium stiff to stiff silt, sandy 
silt, and some clay and loose to medium dense silty sand down to about elevation -60 ft. Below 
elevation -60 ft, lies the Gaspur Formation which consists of dense to very dense sand and silty 
sand within the depths explored. 

It should be noted that the above soil description is general and is intended to describe the 
subsurface in very broad terms. The soil descriptions above should not be construed to mean that 
the subsurface profile is uniform and that soil is homogeneous within the project area. For details 
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of the report. 

4.2 Groundwater Conditions 

D~~r ing  the EM1 investigation in 2009, groundwater was recorded in all five of the borings 
perfomled near the proposed structure between elevation -9.5 ft and -1 1.9 feet. The elevation that 
groundwater was encountered at in each boring is listed in Table 1 and also on LOTB sheets at 
the end of the report. Due to the proximity of the site to the Cesritos Cllannel, where the water 
elevation is dictated by tidal fluctuations, higher groundwater elevations t l~an those encountered 
during the field Livestigation are likely. 

Based on the observed high water groundwater elevation for the Cei-sitos Channel, the design 
groundwater was placed conservatively at elevation +5 ft or the ground surface in locations 
mrlr~ere finished grade is proposed to be below elevation +5 ft. 



4.3 Idealized Soil Profile 

Based on information collected froin borings R-09-030, R-09-032 and R-09-033 an idealized soil 
profile for foundation analysis and design was developed along the proposed bridge alignment. 
The subsurface profile beneath the proposed structure is sl~own in Figure 9. The soil profile and 
design strength parameters are presented below in Table 4. 

Table 4. Idealized Soil Profile and Parameters 

Total Unit Cohesion Friction 
Approx. Elev. (ft) Predominant Soil Type Weight (1b/ft2) Angle 

(1 b/ft3) (degree) 

+7.0 to -5.0 Sand with Silt / Silty Sand 120 0 33 

-5.0 to -15.0 Silty Sand I Sandy Silt / Clay 120 0 3 0 

-15.0 to -25.0 Silty Sand / Sandy Silt / Clay 120 700 0 

-25.0 to -50.0 Silty Sand I Sandy Silt / Sand with Silt 120 0 3 2 

-50.0 to -60.0 Silty Sand I Sand with Silt 125 0 34 

-60.0 to -150.0 Sand / Sand with Silt / Silty Sand 125 0 3 8 
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5.0 CONCLUSIONS AND W,CQMMENDATI[ONS 

5.1 Seismic Study 

A preliminary seisnlic evaluation was performed by EM1 in 2006 and included in the Preliminary 
Foundation Report (EMI, 2006) based on the 2006 Seismic Design Criteria (SDC) (Caltrans, 
2006d). 

Using the 2006 SDC, the PBA was detei~nined based on Caltrans Seismic Hazard Map 
(Mualchin, 1996a) and the attenuation relationship by Sadigh et al. (1997), as required by 
Caltrans (2006a). The controlling fault was found to be the Palos Verdes fault which is a strike- 
slip fault capable of generating a Maximum Credible Earthquake (MCE) of magnitude 7.0 and a 
PBA of 0.60g at the bridge site. 

The standard ARS c w e  published in the 2006 SDC (Caltrans, 2006d) for this bridge site is 
shown on Figure B.8 for Soil Profile D (M = 7.252~0.25) and 0.6g. The standard ARS curve was 
modified to account for near-fault effects (a 20% increase of spectral accelerations for periods 
greater than 1 sec., no increase for periods less than 0.5 sec., and linear interpolation between 0.5 
and 1 sec) per SDC Section 6.1.2.1 

Figure 10 shows the recommended modified design ARS curve with coordinates as provided in 
the PFR (EMI, 2006). 

During bridge type selection, Caltrans commented based on the PFR that due to the length of the 
proposed structwe, a site specific ARS curve should be developed following completion of the 
project geotechnical investigation. It is our understanding that following approval of bridge type 
selection, prelimii~asy design of the bridge proceeded using the preliminary ARS curve in 
anticipation that the site specific ARS cL1rve would be completed in the early stages of final 
design. 

As part of the EM1 field investigation described in Section 2, down-hole shear wave velocity 
measurements were talcen in six of the rotary wash borings for the entire project along the 
mainline bridge alignment. Using the results of shear wave velocity measurements, a site specific 
ground motion study was performed. 

Results of the geotechnical field investigation and site specific ground motion study, following 
the procedures outlined in the latest Caltrans SDC (Caltrans, 2009) indicate that the preliminary 
,4RS curve shown in Figt~re 10 plots well above the site specific ARS curve. Consequently, 
previously condlrcted analyses and design based on the, preliminary seismic evaluation ARS 
curve me considered conservative and suitable for filal design. The peak ground acceleration for 
the site was revised to 0.5 g based on the latest Caltrans SDC. The details of'the ground motion 
study and the site specific ARS cuive are summarized in a memorandum prepared by  EMT and 
are included in Appendix F. 

Ground Rupture. No known active faults traverse the surfdce of the project area. The Califarnia 
Division of Mines and Geology has riot identified Alquist-Priolo Fault Zones through or in the 
proxiinity of the site. Therefore, the risk of ground surface nipture and relzted llazxds is 
considered low. 



5.2 Liquefaction Potential and Seismically Induced Settlement 

The liquefactio~l potentiai of the satrrated, granula- materials below the water table was 
evaluated using the procedures outlined by Seed et al. ( 1  983) and updated by -NCEER (1 997) and 
Youd et al. (2001). For liquefaction potential evaluation of clayey soils the proced~~re outlined in 
Boulanger and Idriss (2006) was used. The seismically-induced soil settlement was estimated 
using the proced~~res outlined by Tokimatsu a id  Seed (1987). As discussed in Section 4.2, the 
design groundwater was assumed to be at the lower of elevation +5 ft or the ground surface for 
the liquefaction potential evaluation. 

J-ayers, pockets and lenses of saturated coarse-grained alluvial deposits above the dense Gaspur 
F'osmation (located below approximate elevation -60 ft) are expected to be susceptible to 
liquefaction. Seismically induced-settlements of a few to several inches are anticipated. The 
elevations of the potentially liquefiable material and the corresponding anticipated seismic 
settlements are shown in Table 5.  Locations of potentially liquefiable material during the design 
eartliquake are also identified in the subsurface profile shown in Figure 9. 

Table 5. Liquefaction and Seismic Settlement Analysis Results 

Approximate Elevations of Layer Approximate Total Approximate 
BoringICPT Liquefiable Zones Seismically induced Seismically induced Sounding No. 

(ft)' Settlement (inches) Settlement (inches) 

Notes: 1. Elevations are based or, NA VD88. 

5.3 Soil Corrosivity 

Sarriples represcntalive of soils throughout the project area were tested to determine corrosivity 
including r i i i n i r n ~ ~  resistivity, pH, soluble sulfate content, and soluble chloride content. Five 
soil sarnples were tested for corrosivity using the procedures described in Califoniia 'Test 
aethods 4 17, 422, 532, and 641. In the performed tests, the pH varied from about 8.1 to  8.9, the 
minimum resistjvil-j varied from about 330 to 630 ohm-cm, the soluble chloride corltent varied 
from about 605 to 1500 parts per million (ppmj and the soluble sulfate content varied fxom about 
180 to 1900 ppm. 

According to Caltra~s corsosion guidelines (Callrans, 2003). soils are corrosive if the pH is 5.5 
or less, or the chioride concentratior, is 500 pa-ts per million (ppm) or greater, or the su!?aie 
conceu~tration is 2,000 ppm or greaier. Based these test results, the on-.site soils are zonsids:.ec'l 
to be corrosive. 
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5.4 Scour 

This site is located within an area that is gel~erally flat and there are no rivers, creeks or chanr~els 
that cross beneath the structuse; therefore., scour is not considered a design issue. 

5.5 Foundation Type 

Due to presence of the weak near-surface soils and the potential for seisnlically induced 
settlement th~oughoat the site, spread footings are not considered feasible for support of the 
proposed structure. 

Site soils are conducive to either a driven or drilled pile foundation. Due to the presence of deep 
liquefiable layers, large diameter Cast-In-Drilled-Hole (CIDH) piles are better suited to resist the 
large lateral foundation demands than small diameter piles and large diameter piles are needed at 
bent locations to support the large axial pile demands. Based on the foundation loads provided by 
the designers, 12 fi diameter CIDH piles are recommended for support at the proposed structure 
bents and 2.5 fi diametel- CIDH piles are recommended at the abutment. At the bent locations, a 
permanent steel casing fi-om finished grade to a depth between 33 and 36 fi is also proposed. 

5.5.1 Axial Pile Capacity 

Per Caltraqs policy, L W D  method is used for bent piles and WSD is used for abutment piles. 
The foundatian design data sheet and factored foundation loads were estimated by the designers 
following the latest Caltrans Memo to Designers 3-1 (Caltrans, 2008), and are shown i n  Tables 6 
and 7. respectively. 

Table 6. Foundation Design Data Sheet 

Pile 
Pile Cap Size Permissible 

Finished No. of Design (ft) Settlement Piles per JJocation Method Pile Type Grade El. Cut-off 
( ft) 

under Service El. (ft) L Load (in) Support 

Bent 25 LRFI) 12 ft CIDH +7.0 0.0 NA NA 1 2 

Rent26 LRFD 12ftC'IDH +5.0 -3.0 NA NA 1 2 

Abut 27 WSD 2.5 ft CIDI-I +1 .O -4.8 24 62.5 1 23 

Axial CIL)lI pile analyses were performed using the computer program SIKFT -6-0 (Ensofi 
2007). Axia! driven steel shell capacities were calculated according to recolmnendations by 
Tomlinscn (I  987) and API (2000). The calculated factored axial geotechnical capacities and pile 
tip elevations 51r each 30-inch CIDH pile at the abutment and 12-ft CIDH pile at the interior 
berits are presented in Tables 8 and 9, respectively. For the extreme event limlt case, negative 
skir: friction due ta seismic settlement was estimated using residlual strengths for liquefiable soils 
based upon the method outlined in Seed and Harder (1990). The depth to the bottom of the 
liquefizhle iayer at each support was determined based upon the nearest boring information. The 
FiZc Data Ta.bIe is provided in Table 10. For bent piles: n resistaEce factor of 0.7 was applied per 
CJailra~s l,RFD 



Table 7. Foundation Design Loads 

Service-l Limit State Strength Limit State Extlaeme Event Limit State 
(Iups) (Controlling Croup, kips) (Controlling Group, Iups) 

Perm Compression Total Load Load Tension Compression Tension 

Location 

Bent 25 3,2713 3,278 2,460 4,545 4:545 0 0 2,460 2,460 0 0 - . .- - " 

Bent 26 2,550 2,550 1,905 3,566 3,566 0 0 1,905 1,905 0 0 

Abut27 5,290 230 NA NA NA NA NA NA NA NA NA 

Notes: 1. For bents with more than one support, the highest support/pile denzarzd is listed in the  table, as 
provided by the designer. 

The maximum pile-head settlement clue ro the nominal resistance is estimated to be less than 1- 
inch at all si-~pporis. For axial loading, pile group effects can be neglected if the on-center spacing 
is equal to or greater than 4 times the pile diameter. A group reductioil factor of 0.65 is applied 
for on-center spacing of 2.5 times the pile diameter. Rased on interpolation over this range, an 
average group reduction hctor of 0.87 was applied at the abutment. 

'Table 8, Foundation Recommendations for Abutments 

a, a2 L W D  Service-I Limit u 
.- State Load (kips) per c 
5 m 

Y 

Support 
Ei 
& 
B 
id E .- 
6 Total permanent .E 2 Y 

" I S  
E 
Z 

-74 ia) 
2.5 ft 

Abut 27 C,,,H -4.8 5,290 NA 230 460 -56 (c) -74 
-49 (d ) 

A-otes: I .  Design t@ elmafions are coolrtrolied Ly: (G) Coinpression, (6) T~nsion, (c) Settlement, (4 Lateral Load. 
2. T17e specified lip elevatiour shall nod be raised. - -- -- 



Table 9. Foundation Recommendations for Bents 

a + Required Factored 

Event 

Bent 12ft 
0.0 3,278 1 4,545 0 2,46G 0 

-95 (a-11) 
25 CDl! 

-117 -25 
-70 (c) 

520 

Bent 12ft -95 (a-11) 
-3.0 2,550 1 3,566 0 1,905 0 -102 -28 

26 CDH -77 (c) 

Totes: 1. De,sign tip elevations are cor~trolled by: (a-ll) Compression (Strength Limit), (a-lr) Colnpression 
( E ~ p e m e  Evetzr Lz'mig, (b) Tension (4 Setdement, (d) Lateral Load. 

2. 7k1c xpecQTed tip e!evation shall not be raised. 

Table 10. Pile Plats Table 

Nominal Steel CIDH CIDH Steel Casing 
Nominal Resistance Casing Design Specified Nominal 

Support Pile Resistance (l ip) (Driven Steel Specified Tip Tip Driving 
Type Shell) (kip) Tip Elevation Elevation Resistance 

Elevation 
(ft) (ft! 

Required 
Camp Tens Comp Tens (ft) (kips) 

-1 17 (a) 
-25 -70 (c) -117 

-80 (d ) 

-102 (a) 
l2 ' 5U9G 

P,ecl 26 ~ 1 ~ 1 1  0 510 0 -2 8 -77 (c) -102 510 
-83 (d ) 

l_-l------..-_-...._ 

-74 (6) 

/';but 2'1 2.5 ft 
CDI3 

4GO 3 NA NA NA -56 (c) -74 NA 

-- -49 (d ) 

Notzs: 1. Design Tip Elrgotions arc controlied by the followirig demands: (ci) Cornpression, (b) Teilsion, (c) 
Settlement, crnd id) Lateral Load. 

2. The ~pecijied tip i.la.~atlon shall not be raised 
. ---.--- P C - - -  - 



5.5.2 Lateral Pile Capacity 

Abutments. Pile-head shear capacity and maximum bending moment caused by lateral pile-head 
deflections for a fixed-head connection with the pile cap are provided in Tables 11 and 12  for the 
Selvice Limit State and the Extreme Event Limit State, respectively. The design tip elevations 
for lateral loading are given in Table 10. 

Lateral pile analyses were performed using the computer program LPILE (Ensoft 2007). The 
internally generated p-y curves for sandy soils were estimated using the API criteria (API, 2000). 
The internally generated p-y curves for stiff fine-grained soils were estimated using the method 
proposed by Reese (Reese et al., 1975), and the internally generated p-y curves for soft fine- 
grained soils were estimated using the method proposed by Matlock (Matlock, 1970). A group 
reduction factor of 0.75 was used in the analysis based on the pile layout provided by the 
designers and the procedures outlined in the Ensoft Group 7.0 software T e c h c a l  Manual 
(Ensoft 2006). Under seismic conditions, liquefied soils were modeled using a p-multiplier to 
degrade the static strength (Ashford et al., 2008). 

'The sol~ltions presented are entirely based on soil resistance and linear pile properties. Therefore, 
these vaiues may be limited by the flexural strength (plastic moment) of the piles and other 
connection details. 

Table 11, Abuimenl; 27,30-in CIDH Pile "Fixed" Head Solution: Service Limit State 

Pile Head Deflection (in) Pile Head Shear ( 1 )  Maximum Moment (k-in) 

Notes: I .  Gtsoup EfSeects considered with a reduction factor of 0.75 on "p. " 

2. Static strengthpnrawieters used in all soil layers. 

3. A c~acked section modtilus o f  8096 ofEI was used in the analysis. 

Bents. The Prelimi~lstry Foundation Report (PFR) for the project was prepared in 2006 by EM1 
(EM4 2006) based upon existing subsurface information available at the time that included a 
general description of the subsurface conditions beneath the proposed structure and eight 
idealized soil profiles along the proposed alignment. It is our understanding that following 
appioval of bridge type selection, design soil springs (p-y curves) were generated b y  Claltrans 
u ing the idealized soil profiles provided in the PFR @MI, 2006). The preliminary p-y curves 
were iritcnrled to be used diuing ihe initial stages of design until a project specific geotechnical 
frclci invesiigal.ion was conducted the bridge foundation report was prepared. 
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Table 12. Abutment 27,30-in CIDH Pile "Fixed" Head Solution: Extreme Event Limit 
State 

Bile Head Deflection (in) Pile Head Shear (k) Maxinlnrn Moment (k-in) 

Arotes. I Group effzcts considered with a reduction factor oj"O.75 on "p. " 

2. Liquefied strength paranzeters used i?? Iiquejiable soil layers. 

3. A cracked szction tnodzllzls of 50% ofEI  was used in the analysis. 

Rased on the currelit geotechnical investigation and updated soil profile, an additional project 
specific lateral pile analysis was also performed. Results from that analysis indicate that the p-y 
curves generated from the soil profiles presented in the PFR are suitable for use in the final 
design. The current results either generate a more conservative lateral pile response than the p-y 
curves developed by Caltrans based on the PFK, or a lateral pile response that is within an 
acceptahit design tolerance. Details of the lateral pile analysis and a comparison between the 
preliminary and updated p-y curves are included in a memorandum prepared by EMI. ?'he 
memorandum is included in Appendix G. The preliminary p-y curves generated from the soil 
protiles in Ihe PFR \vhich were determined to bc suitalde for use in final design for Bent 24 to 
Bent 27 are lrrcvided in Appendix H. 

5,4 Bridge Abutment Walls 

5.6.1 Earth Pressures 

Pcll active earth pressure coefficient of 0 3 and a soil unit weight of 120 pcf are recoimlne~lded for 
a level abutmelit backfill. If abutment walls are free to move laterally at the top, a static active 
lateral earth pressure of 36 psf per ft of depth is recommended for a level backfill. If lateral 
movement at the top of abutment walls is restrained, the lateral pressure distribution has a 
trapezoidal shape with a niaximum lateral pressure of 28.8H psf between 0.2H from the top and 
bottom of the wall, where H is the wall height in feet. A traffic surcharge equivalent to a vertical 
pressure produced by at least 2 f t  of earth should be added to the above lateral earth pressure 
values, Other design requirements are specified in Section 3.20 of the Caltrans Bridge Design 
Specifications (Ca!tra.tls, 2004). 

5'6.2 Passive Resistance 

Thder seismic loading, an ultimate passive earth pressure of 5 ksf may be used for the approach 
backfill and abutmeat backwails with a height equal to or greater than 5.5 ft. For abutment 
bach7~Ils with heights less t!ia~i 5.5 ft, t l ~  ma:cirnum passive pressrxe may be calculated 
prr~portiolially (e.g., for 2 3 R high bacltwall. the maxirnu~l passive pyessure is [4 /5 .5]~5 ltsf = 

7.6 ksfl  The korizonlal lnovement at 14-~ich the tr~axiniom passive pressure is expected to be 
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hlly mobilized can be determined following the procedure outlined in Section 7.8.1 of the 
Caltrans SDC (2006d). 

5.7 Approach Embankments 

Up to about 20 ft of fill will be placed near the SR-103 Off-Ramp Abutment 27 in order to raise 
existing grade to proposed grade. The abutment end slope will be graded at an inclination of 
1.5:l (Ilorizonta1:Vertical) with full slope paving. The bridge approach embanlunent will be a 
mechanically stabilized embankment (MSE) retained by Retaining Wall E l  along the western 
roadway edge and Retaining Wall E2 along the eastern roadway edge. Recommendations for 
Retaining Wall E l  and E2 are provided in a separate folmdation report prepared by EM1 (EM1, 
201 0). 

5.7.1 Static Settlement 

Standard procedures were used to evaluate ground settlement of the underlying fo~mdation soils 
due to the proposed embankment fill placement. Generally, fills induce immediate and 
consolidation settlement of underlying soils. lrmnediate settlement occurs during grading and 
cullsolidation settlemeni occms over varying time periods. Consolidation settlement (magnitude 
and time period) is directly related to the depth offillFplaced over~compressibl~ soil and the 
thickness of cornpressible soil layers Immediate settlement which is estimated to be negligible in 
this case occurs during grading or shortly thereafter while cousolidation settlement, which in this 
case is considerable, occms over varying time periods. 

One cross-section was selected to evaluate the potential settlement beneath the proposed 
embankment appl-oximately 25 ft behind the bridge abutment. Based on cross-sections provided 
by TjKS Corpor;-ltio~l, the existing embanlmer~t at "E" Line Sta. 426+25 will be approximately 
60 fi wide at  loadw way level and the embankment height is approximately 20 feet. Based on our 
caiculations, the m a x i m  settlement of soils underlying the proposed embankment is estimated 
to bz about 4 inches. The settlement period is estimated to be about 13 weeks to reduce the 
remairling long-teixr settlement to less than ?&-inch. If a 5-ft embankment surcharge i s  applied, 
the settleme~~t period is reduced to about 5 weeks. For a 7-ft e m b a h e n t  surcharge, the 
setrlelnent period is reduced to about 4 weelts. 

The surcharge heights referred to in these recommendations are measured relative to the finished 
grade of the proposed embankments. Settlement periods with surcharge begin once the full 
s~~rcharge heigh~ is completed. Waiting periods without surcharge begin once the project grade is 
constn~cred tc? the top ofthe; finished subgrade. 

Se! tlzrrheni cjf tl1.e embailkner~t fill should be verified by the Engineer prior to -installation of 
aljutmea~t piles preveni. a reduction in axial pile capacity due to downdrag loads being applied 
to the piles. 

5.7.2 Bridge Abutment Slope Stability 

.T' lhr. g1ck:~I stability .malysie cjf Retairing Wall Ei ~r;d E2 is provided in a separate rqyort 
plepared by EhlI (EMI, 2016). 
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Slope stability analyses were conducted for the static condition including a 2 fi soil surcharge to 
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability analysis for 
the seismic condition was performed using the pseudo-static approach with a seismic coefficient 
c~f 0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peak horizontal 
acceleration (0.5 g, based on the site specific ground motion study, see ~ ~ p e n d i x  F) but not 
exceeding 0.2. 

According to the results of the analyses and Caltrans guidelines, the slopes meet the minimum 
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the 
seismic condition per Caltrans Foundation Design Guidelines (2006e). 

Earth Mechanics, Inc. 
Gcotechnicai  6 Ei i i lh i jual rc  E n g i n e e i l n ~  



Fault Name Fault T v ~ e  M, Dist, km PBA, g 
Palos Verdes (PVS) ST 7.25 2.7 0.6 

Period (s) 



All work should be perfoimed in accordance with the Caltrans Standard Specificatio~as (2006~) 
except as indicated in the Special Provjsions prepared for the project improvements. 

6.1 Earthwork 

6.1,P General 

Eastlawork sh-ould be perfoilned in accordance with Section 19 of the Caltrans Standard 
Specjficatiolls (2006~). Appropriate measuses should be taken to prevent damage to adjacent 
existing structures and utilities. Design and coiastruction of temporary slopes or shoring should 
be made the cor~tractor's respoiasibility. It should be noted that it is the responsibility of the 
contractor to oversee the safety of the workers in the field during construction. The contractor 
shall conform to all applicable occupational safety and health standards, rules, regulations, and 
orders established by the State of California, In addition, other State, County, or Municipal 
regulations may s~~persede the recolmnendations presented in this section. If a trench shoring 
design and safety plan is required, the geotechnical consultant should review the plan to confirm 
that recoinmendations presented in this report have been applied to the design. 

Heavy construction equipment slaould not be used immediately adjacent to shoring due to large 
lateral pressures iiaducecl by such equipment unless the shoring is designed to accommodate 
resulting pressures. Excavated soil or construction materials should not be stockpiled adjacent to 
shoring or open excavations. Stockpiled soil and construction materials slaould be set back a 
distance at least equal to the height of the excavation. 

In fill areas, complete removal of compressible susficial materials including vegetation, topsoil, 
loose or sol? all~wium, and othenvise unsuitable material is required prior to fill placement. A 
miufimum o~erexcavation of 12 inches is recommended within all areas to receive compacted 
fili; the overexcavation should extend laorizontally a minimum distance of 2 fi from edges of new 
fills or struci~~res. 4ctual depths and extent of the required reinovals should be determined in the 
iield by qualified geotechnical personnel. Overexczvated areas should be cleaned of loose soils 

debris m.d ihould be observed to be finn and ~myielding before receiving fill. The bottom of 
the overe:ccavation should be scarified to a minimum depth of 8 inches, moisture conditioned or 
dricd to near optinunr moisture, and compacted in placc to a minimum 95 percent relative 
conapaction. 

6.1.2 Cuts and Excavations 

Prelirnj~iary p l a ~ s  ds  not show any permanent cuts as excavations necessary to achieve finish 
grades. llowever, temporary cuts inay be rcquired in slreas where drainage improve~~aencs and 
fiiotings we proposed. Tenlporary excavalions, including temporary shoring, necessary to 
construct the bridge abutment footings or culverts will need to be designed by the corltractor for 
local and global stability, once the means and nerhods c.f cocstmction zre deteimined. 



6.1.3 Groundwatel- Control 

Groundwater was encountered in all three of the borings performed for the proposed bridge 
foundation between E<levation -9.9 and -1 1.7 ft. The proposed footing bottom elevation at 
Abutineizt 27 is -6.0 ft. Due to the proximity of the site to the Cerritos Channel where the water 
elevation is dictated by tidal fluctuations, higher groundwater elevations than those encountered 
during the field investigation are likely; therefore, the contractor should be prepared to control 
groundwater during footing consti-uction. Any groundwater encountered during footing 
const~uetion should be controlled in accordance with Section 19-3.04 of the Caltrans Standard 
Specifications (2006cj. Any seepage or groundwater removed from an excavatioil should be 
tested and disposed of i~ compliance with all applicable local, state and federal requirements. 
Free water should not be allowed to stand in any excavations. If excavations become flooded, at 
least the bottom 6 inches of soil should be removed and replaced or re-compacted to 95 percent 
relative compaction. Additional removals may be required at the discretion of the Engineer. 

6.2 CIDH Pile Construction 

L,oose soils should be cleaned from the bottom ofthe borings. Pile borings should be inspected 
and approved hy the geotechical engineer prior to the installation of reinforcement. Extreme 
care in drilling- placetnent of steel, and the pouring of concrete is essential to avoid excessive 
disturbance of pile boring walls. Concrete placement by pumping or tremie tube to the bottom of 
the pile horjngs is recommended. Specifications should require that sufficient space be provided 
in the pile reinforcing cage during fabrication to allow the insertion of a tremie tube for concrete 
PI acerneilt. 

The pile reinf~rcing cage should be installed and the concrete pumped immediately after drilling 
is completed. No boring should be drilled immediately adjacent to another pile until the concrete 
in the other pile has attained its initial set. 

Groundwater was encountered between elevation -9.9 and -1 1.7 feet in October and November 
2009. Actual go-mdwater elevation may be different during construction due to seasonal 
rainfall, surface runor'f and other man-made conditions. III addition, due to the proximity of the 
site to the Cerritos Charmel where the water elevation is dictated by tidal fluctuations, higher 
groundwater elevations than those encountered during the field investigation are  likely. 
Tlierefore, contractors should be prepared to use a "wet" method of construction. As a standard 
Calirans practice for "wet" construction, PVC tubings must be installed within the reinforcement 
cage of fhe ClDH pile for gamma-ray testing. 

Pock(;?ts and lex~ses of loose sandy material and very soft to soft fine-grained material were 
e~lcounte~ed i i ~  ow  soil borings and these material:; are susceptible to caving. If caving occurs, a 
temnporary casijlg may be required during construction. Casings should have an outer diameter 
equal !o or exceeding the pile diameter. Temporary casing should be pulled as the concrete is 
being powed while always maintaining at least a 5 ft head of concrete inside the  casing. 
Contractor can choose to use a "wet" method of constnlction to control caving. 

111 rhe evem lhat smy boring becomes bell-shaped and cwaot be advar~ced due to severe caving, 
all loose rmtcrial sho~~lc! be rernoved Gt>m the bottom of the boring and the caved region filled 
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with low strength sand-cement s lw~y.  Drilling rimy continue when the slurry has reached its 
initial set. 

6.3 Backdrain and Backfill Requirements for Abutment Walls 

Materials behind the abutment and wing walls should be low-expansive soil with an Expansion 
Index (EI) less than 50 and Sand Equivalent (SE) of more than 20 as shown in Figure 11. The 
low-expansive material requirement should not supersede the structure backfill and pervious 
backfill requirements as described in Caltrans Standard Plans, Bridge Detail 3-1 (2006b), and 
Caltrans Standard Specifications (2006~) under Sections 19-3.06 and 19-3.065, respectively. 

Backfill should be compacted in accordance with Section 19-5 of the Caltrans Standard 
Specifications (2006~). Backfill should be placed in loose lifts not exceeding 8 inches in 
thickness, moisture-conditioned or dried to near optimum moisture content, and compacted to at 
least 95 percent relative compaction. The relative compaction should be based on the maximum 
density determined by California Test Method 21 6. Jetting or flooding to compact backfill is not 
recommended. Heavy compaction equipment, such as vibratory rollers, dozers, or  loaders, 
should not be used adjacent to the abutment walls in order to avoid damaging the walls due to 
large lateral earth pressures. 

Bacltdrains should be installed behind abutment walls to relieve hydrostatic pressure. The 
backdrains sliollld be constructed in accordance with Bridge Detail 3-1 per Caltrans Standard 
Plans (2006b). 

6.4 Review of Construction Plans 

Recoilmeildations contained herein are based on cuirent design illfoimation. The geotecluical 
consultant should review the final construction plans and specifications in order to confirm that 
the general intent of the recommendations contained in this report have been incorporated into 
the final construction documents. Recommendations presented in this report may require 
modification or additional recommendations may be necessary based on the final design. 

6.5 Geotechnical Observation and Testing 

Qualified geotechnical personnel should perform inspections and testing during the following 
stages of const~~iction: 

Grading operztions, inzlilding excavations and placement of compacted fill. 
Shoring installation. 
Footing excav~t' I 1011s. 
CIDW pi12 csnst r~~t ivc .  
CTDH pile Integrity testing. 
Backdrain installation and bacldilling of bridge abutment walls. 
Removal or installation of support of buried utilities or structures. 
When any unusual subsurface conditions zre encountered. 



*EXPANSION INDEX (El) TO BE 
DETERMINED PER ASTM D 4829 
SAND EQUIVALENT (SE) TO BE 
DETERMINED PER CALIFORNIA TEST METHOD 21 7 
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Appendix A. Selected As-Built Plan Sheets for Schuyler Heim Bridge 



I I ,  . ! . r I i lL R E T A I N I N G  WALL 
. ;:. 9 2 . -  . :;&$p: ,;; :. 2 . -  ' ig@ . -  -:.:? . - J + . ~ * ' ~ ~ - : ,  .. :... . - ,.a. 2, .&..! .. i .: c., . . 

r .s = = Y ? r s . + i  z = ,. ~..,~.*c~:>.~.e:+:~~.ii z , : *  = z = I. xo>w, 5 =: z r g  
t S  ... ' . . . - I  !'C ??lna. 

. . ~ = t x ~ ' = ' r ~ x = * = I ~ ~ L : = ~ =  * . =  x .  = = *. a1 

RECORD DRAWING 
- . ?HE8716POF& 

5ia L I ~ B  N O Y ~ D A Y , P E D + ~  \ 

I 

COhISTR UCTION PILING CHART 

7'~RhnlNAL ISLAND F R E I I W Y  











I IlBiGDI mmirr nar me oAraucwonccuahrecwv or ~~~?MOI,E-NT 1 1 6 0 1  
~ i D ~ R W O l R f f i ~ l O N b N D ~ H T i I I L N ( T H ' I  O A T E I H % C W U I O  UUEaRlm RI-I YO 
n u ~ n ~ z ~ ~ ~ o u  su ms nviecr~no~ T R L M R I ~ A T I ~ .  . . 

. 
.a,.,,. 



_. ., . ... . 

/-s b. of.+,,> c" 
T7, r.7 .i*r+,'J 2 * . 
ss, .. -. .. r .AL. .,, 

. . I  . 
- i n  1 

-. . 

- 
. .. - 

---- 

A d  . . .  . 

- .- 8 .  - .  
:,,. .,, ., .*, .- 

I I (WW*tEmlF~WT l lD Ic * IWEInOAmmiesm or rnn.spr~-~~ ,.,as, 
UKEn YI I I IAECIIWhWGWL1. ON 7!ll( MTE LV %STUY~WO CAU W ~ W V .  W ~ U I T  i n  
L ~ R I Z I T I O H ~ ~ ~ H S O ~ E C T ~ ~ ~ V  TW,IBRlnl&T4ON. 

!.,.,. . . . 



Appendix B. Schuyler Heim Bridge Seismic Retrofit LOTB Sheets Prepared by LKR 
(1998) 





Appendix C. EarthSpectives SPT Hammer Energy Measurement Report 



EARTHSPECTIVES 
250 Goddard Phone: (949) 777-1 270 
Irvine, California 9261 8 Fax: (949) 777-1 283 

November 12, 2009 
EarthMechanic, Inc. 
17660 Newhope, Suite E 
Fountain Valley, California 92708 

Attention: Mr. Ranian Guneranian 

Dear Ranjan: 

SPT Hammer Energy Measurement 
Borings A-09-053, R-09-004, and R-09-009 
ACTA Schuyler Heim Bridge Replacement 
Long Beach, California 
ES Project No. 09095-141 

INTRODUCTION 

This letter report summarizes the results of EarthSpectives' (ES) SPT, hammer energy measurements 

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It 

provides a description of the test program and results. 

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system 

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and 

6066 test standards. Results are summarized in Table 1, while more details regarding energy records 

are provided in Appendix A. 

TESTING CONDITIONS 

Test Borings 
SPT hammer energy measurements were performed at three boring locations drilled by three different 

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R 

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ 

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal 

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig 

equipped with a Automatic trip hammer and HF2-518 drill rod, while C&L Drilling samplers were 

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made 

drill rod. 

Instrumentation 
SPT energy measurements were performed by placing a 2 ft instrumented section of drill rod at the top 

of the drill string between the hammer and the existing sampling rods. The instruments consist of two 

Geotechnical Specialty Engineering 



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view 

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during 

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The 

raw data were stored directly on a portable field computer for subsequent analysis in the office. 

RESULTS 

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy 

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred 

energy to rated energy of the hammer which is the product of the weight of the hammer times the 

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft). 

TABLE I -SUMMARY OF SPT HAMMER ENERGY MEASUREMTS 

AVERAGE SPT HAMMER EFFICIENCY 

I I Automatic Trip hammer I Automatic Trip hammer I Rope and cat-Head I 

SAMPLING DEPTH 
(FT) 

(ENERGY TRANSFER RATIO) 
BORING R-09-009 
C&L Drilling, Inc. 

Mud Rotary 

BORING A-09-053 
2R Drilling, Inc. 

Hollow Stem 

BORING R-09-004 
So Cal drilling, Inc. 

Mud Rotary 



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of 

blow number in Appendix A. Table immediately following the plot also provides the minimum, 

maximum, and average values at each sampling depth in addition to raw data. 

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an 

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall 

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall 

average of 62 percent for boring hole R-09-009. 

LIMITATIONS 

Professional judgments represented in this report are based on evaluations of the technical 

information gathered, our understanding of the proposed construction, and our general experience in 

the geotechnical field. We do not guarantee the performance of the project in any respect, only that 

our engineering work and judgments are rendered while striving to meet the standard of care of our 

profession at this time. 

CLOSURE 

It has been a pleasure serving you on this project and we look forward to working with you again. 

Please call if you have any questions. 

Sincerely Submitted for EarthSpectives 

Hossein K. Rashidi, Ph.D., P.E. 
Principal Engineer 



E a r t h S p e c t i v e s  2009-Oct-13 

ACTA SCHUYLER HEIM BRIDGE REPLACEMENT, BORING HOLE A-09-053,  2R D R I L L I N G  

EMX ( k i p s - f  t) 
Max T r a n s f e r r e d  E n e r g y  

N o t e s  1. Sample  a t  5 f t  
2 .  Sample  a t  1 0  f t  
3 .  Sample  a t  15 f t  
4 .  Sample  a t  20 f t  
5 .  Sample  a t  25 f t  

ETR (%) 
E n e r g y  T r a n s f e r  R a t i o  

N o t e s  
1 

2 

3 

4 

5 

6 

7 

9 

10 

N o t e s  6 .  S a m p l e  a t  30 f t  
7 .  S a m p l e  a t  35 f t  
8 .  (BN159) , S a m p l e  a t  40 f t 
9 .  S a m p l e  a t  45 f t  

1 0 .  Sample  a t  5 0  f t  



P i l e  
I n f o  
AR : 

: A - 0 9 - 0 5 3  Proj: ACTA HEIM BRIDGE PROJECT P g l  
: HOLLOW STEM S P :  0 . 4 9 2  k / f t n 3  

1 . 2  i n - 2  WS: 1 6 8 0 8  f t / s  
LE:  5 6 . 0  f t  EM: 3 0 0 0 0  KSI  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  Energy BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max Measured C - S t r e s s  
E 2 F  : UNDEFINED CSI: Max F 1  o r  F2 C - S t r e s s  
EF2 :  E n e r g y  by F A 2  M e t h o d  TSX: Max C o m p u t e d  T - S t r e s s  
EV2 : UNDEFINED 
_ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# d e p t h  T Y  EMX ETR E2F EF2 EV2 B PM CSX CSI TSX 
end b l / f t  f t K - f t  % K - f t  bl/min l c s i  k s i  l c s i  

1 4  5 . 0 0  AV 0 . 2 8  8  2 0  1 . 5 0  2 0 4  5 4 . 7  2 0 . 0 6  2 0 . 1 3  6 . 8 1  



Pile: A-09-053 
Info: HOLLOW STEM 

Proj : ACTA HEIM BRIDGE PROJECT Pg2 

COMMENTS 
JC = 0.70 
Sample at 5 ft 
Sample at 10 ft 
Sample at 15 ft 
Sample at 20 ft 
Sample at 25 ft 
Sample at 30 ft 
Sample at 35 ft 
Sample at 40 ft 
Sample at 45 ft 
Sample at 50 f t 

DRIVEN (2009-0ct-13 : A-09-053.MDF) 
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Pile: R-09-004 Proj: ACTA HEIM BRIDGE PROJECT Pgl 
Info: MUD ROTARY SP: 0.492 k/ftn3 
AR : 1.4 in-2 WS: 16808 ft/s 
LE: 163.0 ft EM: 30000 KSI 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

EMX: Max Transferred Energy BPM: Blows Per Minute 
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress 
E2 F : UNDEFINED CSI: Max F1 or F2 C-Stress 
EF2: Energy by F-2 Method TSX: Max Computed T-Stress 
EV2: UNDEFINED 
-_ - - - . . . - - - - - - - - - - - . . . -  

BL# depth TY 
end bl/ft ft 
1 2 10.00 AV 

EMX ETR E2F 
K-ft % 
0.20 5 9 0 

- - - - - - - - - - - - - - - - - - -  
EF2 EV2 BPM 
K-ft bl/min 
2.79 164 0.0 

- - - - - - - - - - - - - - - - - - 
CSX CSI TSX 
k s  i ksi ksi 

26.20 32.04 11.83 



P i l e :  R-09-004 Proj : ACTA HEIM BRIDGE PROJECT Pg2 
I n f o :  MUD ROTARY 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end b l / f t  f t  K-ft % K-f t b l /m in  ks  i k s i  k s i  
5 7 5  5  1 3 5 . 0 0  AV 0 . 2 8  8 0  0  5 . 1 4  210 3 8 . 6  3 5 . 6 9  3 5 . 6 8  1 2 . 6 5  

MX 0 . 2 8  8 1  0  5 . 3 8  222 3 9 . 4  3 6 . 7 5  3 6 . 7 5  1 4 . 0 2  
MN 0 . 2 6  7 5  0  4 . 9 6  1 5 4  0 . 0  3 4 . 2 8  3 4 . 2 8  1 1 . 1 5  

COMMENTS 
JC = 0 . 7 0  
Sample a t  30  f t 
Sample a t  56 f t 
Sample a t  80  ft 
Sample a t  90  ft 
Sample a t  1 0 5  f t  
Sample a t  1 1 5  ft 
Sample a t  1 2 5  ft 
Sample a t  1 3 5  f t  
Sample a t  1 4 5  f  t 
Sample a t  155 f t  

DRIVEN ( 2 0 0 9 - 0 c t - 2 2  : R-09-004  .MDF) 
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P i l e :  R - 0 9 - 0 0 9  P r o j :  ACTA HEIM BRIDGE PROJECT P g l  
I n f o :  MUD ROTARY- rope and cathead S P :  0 . 4 9 2  k / f t A 3  
AR: 1 . 4  111-2 WS: 1 6 8 0 8  f t / s  
LE:  1 6 5 . 0  ft EM: 3 0 0 0 0  KSI  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max Measured C - S t r e s s  
E2F:  UNDEFINED C S I :  Max F 1  o r  F2 C - S t r e s s  
E F 2 :  E n e r g y  by F"2 M e t h o d  TSX: Max C o m p u t e d  T - S t r e s s  
EV2 : UNDEFINED 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# d e p t h  TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end b l / f t  f t  K - f t  5 K-ft bl/min ksi lcs i k s  i 

1 3 1 0 . 0 0  AV 0 . 2 0  55 0 2 . 1 0  0 2 4 . 0  2 8 . 2 7  2 8 . 2 7  0 . 0 0  



Pile: R - 0 9 - 0 0 9  P r o j :  ACTA HEIM BRIDGE PROJECT Pg2  
I n f o :  MUD ROTARY- rope and cathead 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# d e p t h  TY EMX ETR E 2 F  EF2 EV2 BPM CSX C S I  TSX 
end b l / f t  ft K - f t  P K - f t  bl/min ksi ksi ksi 
6 8 7  9  1 4 0 . 0 0  AV 0 . 2 4  6 8  0  3 . 0 1  2 3 6  3 4 . 8  2 3 . 3 1  2 3 . 3 1  2 . 7 9  

MX 0 . 3 0  8 0  0  3 . 6 9  3 0 3  3 8 . 8  2 8 . 0 9  2 8 . 0 9  5 . 5 9  
MN 0 . 1 8  5 1  0  0 . 0 0  1 3  0 . 0  3 . 8 0  3 . 8 0  0 . 4 7  

COMMENTS 
JC = 0 . 7 0  
Sample a t  
Sample a t  
Sample a t  
Sample at 
Sample at 
Sample a t  
Sample at 
Sample a t  
Sample a t  
Sample a t  

DRIVEN ( 2 0 0 9 - 0 c t - 2 8  : R-09-009 .MDF)  
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INTRODUCTION 

Boring geophysical measurements were collected in six uncased borings for the Schuyler Heim 

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisition was 

performed between October 19 to November 6, 2009 by Victor Gonzalez and Charles Carter of 

GEOVision. Data analysis was performed by Victor Gonzalez and reviewed by Robert Steller of 

GEOVision. Report preparation was performed by Victor Gonzalez and reviewed by John Diehl 

of GEOVision. The work was performed under subcontract wit11 Earth Mechanics, Inc. (EMI) 

with G. J. Gunaranjan serving as the point of contact for EMI. 

This report describes the field measurements, data analysis, and results of this work. 

GEOVision Reoort 9375-01 rev a Paoe 5 of 72 



Earth Mechanics Inc. Project Number 06-123 

SCOPE OF WORK 

This repoi-t presents the results of boring geophysical measurements collected between October 

19 and November 6,2009 in six 4 718 -inch uncased borings, as detailed in Table 1. The purpose 

of the study was to supplement stratigraplGc information obtained during EMI's soil sampling 

program and to acquire shear wave velocities and compressional wave velocities as a filnction of 

depth. 

I I 1 ELEVATION - FEET I COORDINATES - FEET "' 
BORING 

DESIGNATION 

Table I Boring locations and logging dates 

DATES 

LOGGED 

MLLW 

The OYO Suspension Logging System was used to obtain in-situ horizontal shear and 

coinpressional wave velocity measurements at 1.6-foot intervals. The acquired data were 

NORTHING I EASTING 

analyzed and a profile of velocity versus depth was produced for both compressional and 

horizontally polarized shear waves. 

A detailed reference for the velocity measurement techniques used in this study is: 

Guidelines for Determining Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, 

Sections 7 and 8.  
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INSTRUMENTATION 

Suspension Instrumentation 

Suspensioil soil velocity measurements were perfomled in all borings using the PS suspension 

logging system, manufactured by OYO Corporation, and their subsidiary, Robei-tson 

Geologging. This systein directly determines the average velocity of a 3.3-foot high segment of 

the soil column surrounding the boring of interest by measuring the elapsed time between 

arrivals of a wave propagating upward through the soil column. The receivers that detect the 

wave, and the source that generates the wave, are moved as a unit in the boring producing 

relatively constant amplitude signals at all depths. 

The suspension system probe consists of a combined reversible polarity solenoid horizontal 

sheas-wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet, 

allowing average wave velocity in the region between the receivers to be detemined by 

inversion of the wave travel time between the two receivers. The total length of the probe as used 

in these surveys is 19 feet, wit11 the center point of the receiver pair 12.1 feet above the bottom 

end of the probe. 

The probe receives control signals from, and sends the receiver signals to, instrumentation on the 

surface via an annored 4 or 7 conductor cable. The cable is wound onto the drum of a winch and 

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28- 

foot circumference sheave fitted with a digital rotary encoder. 

The entire probe is suspended in the boring by the cable, therefore, sousce motion is not coupled 

directly to the boring walls; rather, the source motion creates a horizontally propagating 

impulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure 

wave is converted to P and SH-waves in the surrounding soil and rock as it impinges upon the 

wall of the boring. These waves propagate tlvough the soil and rock surrounding the boring, in 

t ~ m  catsing a pressure wave to be generated in the fluid surrounding the receivers as the soil 
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waves pass their location. Separation of the P and SH-waves at the receivers is performed using 

the following steps: 

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source, 

maximizing the amplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a characteristic SH- 

wave signature distinct from the P-wave signal. 

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and 

damp sig~lificantly before the slower SH-wave signal arrives at the receiver. In saturated 

soils, the received P-wave signal is typically of much higher frequency than the received 

SH-wave signal, permitting additional separation of the two signals by low pass filtering. 

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significantly greater than the 

dimension of the fluid annulus surrounding the probe, preventing significant energy 

transmission through the fluid medium. 

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows: 

1. The source is fired in one direction producing dominantly horizontal shear with some 

vertical compression, and the signals from the horizontal receivers situated parallel to the 

axis of motion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded. The repeated 

source pattern facilitates the picking of the P and SH-wave arrivals; reversal of the source 

changes the polarity of the SH-wave pattern but not the P-wave pattern. 

The data from each receiver during each source activation is recorded as a different channel on 

the recording system. The Suspension PS system has six channels (two simultaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six channels with 

a common time scale. Data are stored on disk for fM11er processing. Up to 8 sampling sequences 

can be summed to improve the signal to noise ratio of the signals. 

GEOVision Reoort 9375-01 rev a 
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Review of the displayed data on the recorder or comnp~~ter screen allows the operator to set the 

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize 

the quality of the data before recording. Verification of the calibration of the Suspension PS 

digital recorder is performed every twelve months using a NIST traceable frequency source and 

counter, as outlined in Appendix B. 

GEOVision Re~ort 9375-01 rev a 
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MEASUREMENT PROCEDURES 

Suspension Measurement Procedures 

Six 4 718-inch uncased borings filled with freshwater drilling mud were logged. Measurements 

followed the GEOVision Procedure for P-S Suspension Seisniic Velocity Logging, revision 1.4. 

Prior to each logging run, the probe was positioned wit11 the top of the probe at the top of the 

drilling nlud tub, ground surface, or other stationary reference point. Subsequently, the electronic 

depth couilter was set to 8.2 feet, the distance between the mid-point of the receiver and the top 

of the probe, minus the height of the stationary reference point, as verified with a tape measure, 

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the 

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as 

summarized in Table 2. 

At each measurement depth the measurement sequence of two opposite horizontal records and 

one vertical record was performed, and the gains were adjusted as required. The data from each 

depth were viewed on the computer display, checked, and recorded on disk before moving to the 

next depth. 

Upon coillpletion of the measurements, the probe zero depth indication at the stationary 

reference point was verified and recorded on the field logs prior to removal from the boring. 

Field data were backed LIP to USB flash drive each day upon completion of data acquisition. 

Table 2. Logging dates and depth ranges 

BORING 
NUMBER 

R-09-007 

R-09-014 

R-09-021 

R-09-022 

R-09-025 

R-09-028 

TOOL AND RUN 
NUMBER 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

DATE 
LOGGED 

1011 912009 

1012012009 

1 012 1 12009 

1 1 10212009 

1 1 I0512009 

1 1 I0612009 

DEPTH 
RANGE 
(FEET) 

3.3 - 136.2 

3.3 - 118.1 

6.6 - 154.2 

3.3 - 162.4 

3.3 - 160.8 

3.3 - 162.4 

DEPTH TO 
OF 

BORING 
(FEET) 

150 

165 

170 

175 

175 

175 

SAMPLE 
INTERVAL 

(FEET) 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 
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DATA ANALYSIS 

Suspension Analysis 

Using the proprietaly OYO program PSLOG.EXE version 1.0, the recorded digital waveforms 

were analyzed to locate the most prominent first minima, first maxima, or first break on the 

vertical axis records, indicating the arrival of P-wave energy. The difference in travel time 

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate the P-wave velocity for 

that 3.3-foot segment of the soil column. When observable, P-wave arrivals on the horizontal 

axis records were used to verify the velocities determined fi-om the vertical axis data. The time 

picks were then transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the 

velocity calculations based on the arrival time picks made in PSLOG. 

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-R1) was also picked 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived from the travel time between receivers. In this analysis, the depth values as recorded 

were increased by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel 

times were obtained by picking the first break of the P-wave signal at receiver I and subtracting 

0.35 milliseconds, the calculated and experimentally verified delay from source trigger pulse 

(beginning of record) to source impact. This delay corresponds to the duration of acceleration of 

the solenoid before impact. 

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to 

locate the presence of clear SH-wave pulses, as indicated by the presence of opposite polarity 

pulses on each pair of horizontal records. Ideally, the SH-wave signals from the 'normal' and 

'reverse' source pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass 

filtering can be used to remove the higher frequency P-wave signal fi-om the SH-wave signal. 

Generally, the first maxima were picked for the 'normal' signals and the first minima for the 

'reverse' signals, although other points on the waveform were used if the first pulse was distorted. 

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds, 

due to differences in the actuation time of the solenoid source caused by constant mechanical 

bias in the source or by boring inclination. This variation does not affect the R1-R2 velocity 
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determinations, as the differential time is measured between arrivals of waves created by the 

same source actuation. The final velocity value is the average of the values obtained from the 

'normal' and 'reverse' source actuations. 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 6.33-foot 

interval from source to receiver 1 was calculated and plotted for verification of the velocity 

derived from the travel time between receivers. In this analysis, the depth values were increased 

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel times were 

obtained by picking the first break of the SH-wave signal at the near receiver and subtracting 

0.35 milliseconds, the calculated and experimentally verified delay from the beginning of the 

record at the source trigger pulse to source impact. 

These data and analysis were reviewed by Robert Steller as a component of GEOVisionYs in- 

house QA-QC program. 

Figure 2 shows an example of Rl - R2 measurements on a sample filtered suspension record. In 

Figure 2, the time difference over the 3.3-foot interval of 1.88 milliseconds for the horizontal 

signals is equivalent to an SH-wave velocity of 1745 feetlsecond. Whenever possible, time 

differences were determined from several phase points on the SH-waveform records to verify the 

data obtained fi-om the first arrival of the SH-wave pulse. Figure 3 displays the same record 

before filtering of the SH-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, 

illustrating the presence of higher frequency P-wave energy at the beginning of the record, and 

distortion of the lower frequency SH-wave by residual P-wave signal. 
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RESULTS 

Suspension Results 

Suspension R1-R2 P- and SH-wave velocities are plotted in Figures 4, 5, 6, 7, 8, and 9. The 

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8, 

respectively. These plots and data are included in the EXCEL analysis files transmitted 

separately. 

P- and SH-wave velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data 

are plotted together in Figures A-1 through A-6 to aid in visual comparison. It sl~ould be noted 

that R1-R2 data are an average velocity over a 3.3-foot segment of the soil column; S-RI data 

are an average over 6.33 feet, creating a significant smoothing relative to the R1-R2 plots. S-R1 

data are presented in Tables A-1 through A-6, and included in the EXCEL analysis files. 

Calibration procedures and records for the suspension PS measurement system are presented in 

Appendix B. 
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SUMMARY 

Discussion of Suspension Results 

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotary mud (rotaiy wash) methods, as were these borings. Thus data collected in these uncased 

borings was of veiy good quality. 

Suspension PS velocity data quality is judged based upon 5 criteria: 

1. Consistent data between receiver to receiver (R1 - R2) and source to receiver (S - R1) 

data. 

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated 

soils) 

3. Consistency between data from adjacent depth intervals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

5. Consistency of profile between adjacent borings, if available. 

These data show good correlation between R1 - R2 and S - R1. Additionally, there is a good 

correlation between P-wave and SH-wave velocities, as both show similar velocity inflections. 

Data from adjacent depth intervals are generally similar. P-wave and SH-wave onsets are clear 

and later oscillations are well damped. 

Velocity profiles between borings in the study area are generally similar. All borings exhibit SH- 

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over 

1,000 fps at depth. All borings show an increase to water velocitie~in the P-wave profiles at 10 - 

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a similar 

decrease in P-wave velocity at approximately 45 - 55 feet bgs which typically indicates an 

organic-rich zone. 
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Quality Assurance 

These boring geophysical nleasurelnents were performed using industry-standasd or better 

methods for measurements and analyses. All work was performed under GEOVision quality 

assurance procedures, which include: 

a Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instrumentation 

e Use of standard field data logs 

e Use of independent verification of velocity data by conlparison of receiver-to-receiver and 

source-to-receiver velocities 

e Independent review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 

Suspension Data Reliability 

P- and SH-wave velocity measurement using the S~lspension Method gives average velocities 

over a 3.3-foot interval of depth. This high resollxtion results in the scatter of values shown in the 

graphs. In uncased borings, individual measurements are very reliable, with estimated precision 

of +I- 5%. Standardized field procedures and quality assurance checks contribute to the 

reliability of the data. 
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Figure 1 : Concept illustration of P-S logging system 
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Far HN 
9.918 

Far HR 
18.148 

Far U 
5.555 

Near HN 
8.838 

Near HR 
8.260 

Near U 
5 .895 

Figure 2: Example of filtered (1400 Hz lowpass) record 
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Far HN 
9.918 

Far HR 
10 .I48 

Far U 
5.555 

Near HN 
8.038 

Near HR 
8.268 

Near U 
5.095 

Figure 3. Example of unfiltered record 
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SCHUYLER HEIM BRIDGE BORING 8491887 
Recelver to Recelver V, and V, Analysls 

6 1 000 2088 3888 4808 5080 6008 7088 
VELOCITY (Ws) 

Figure 4: Boring R-09-007, Suspension R1-R2 P- and &-wave velocities 
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Table 3. Boring R-09-007, Suspension Rl-R2 depths and P- and &wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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Summary of Compressional Wave Velocity, Shear Wave Veloci,ty, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 

Midpoint Between 
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SCHUYLER HElM BRIDGE BORING Rag444 
Receiver to Receiver V, and V, Analysis 

--P Near-Far Receivers V 

r - , ! ! ! ! , !  , ! , , ! ! , ,  
6 1006 2606 3600 4000 5060 8000 7006 

VELOCITY (Ws) 

Figure 5: Boring R-09-014, Suspension Rl-R2 P- and &-wave velocities 
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 

Midpoint Between Midpoint Between 
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SCHUYLER HElM BRIDGE BORING 849424 
Recelver to Recelver V, and V, Analysls 

8 I 000 2000 3006 4000 5000 6600 7006 
VELoClsY (Ws) 

Figure 6: Boring R-09-021, Suspension R1-R2 P- and SH-wave velocities 



Earth Mechanics Inc. Project Number 06-123 

Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 

Midpoint Between Poisson's 
Ratio 

Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 

Midpoint Between Midpoint Between 
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SCHUYLER HElM BRIDGE BORING R-OB-022 
Receiver to Receiver V, and V, Analysis 

0 

2006 4000 a000 8000 
VELOCITY [Ws) 

Figure 7: Boring R-09-022, Suspension Rl-R2 P- and SH-wave velocities 
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpoint Between Midpoint Between 
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SCHUYLER HElM BRIDGE BORING R-09425 
Receiver to Receiver V, and V, Analysis 

4008 
VELOCITY (Ws) 

Figure 8: Boring R-09-025, Suspension R1-R2 P- and SH-wave velocities 
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLER HEIM BRIDGE BORING 849428 
Recelver to Recelver V, and V, Analysls 

0 1000 2868 3800 ' 4000 5000 6000 7800 
VELOCITY (Ws) 

Figure 9: Boring R-09-028, Suspension R1-R2 P- and SH-wave velocities 
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 

Midpoint Between Midpoint Between 
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APPENDIX A 

Project Number 06-123 

SUSPENSION VELOCIW MEASUREMENT 
QUALITY ASSURANCE SUSPENSION SOURCE 

TO RECEIVER ANALYSIS RESULTS 
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SCnuYLER HEIM BRIDGE BORING 848407 
Source to Recelver and Wacalver to Recelvar Anerlysls 

6 

1 80 
6 1600 2660 3000 4000 Ei060 8000 7600 

VELOCITY (Ws) 

u Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

Figure A-I . Boring R-09-007, R l  - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-I .  Boring R-09-007, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Depth at Midpoint Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

GEOVision Report 9375-01 rev a Paue 44 of 72 November 11.2009 
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SCHUYLER HElM BRIDGE BORING R49444 
Source to Recglver and Recelver to Wecelver Analysls 

Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-2. Boring R-09-014, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 

GEOVision Report 9375-01 rev a Page 47 of 72 November 11.2009 
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SCHUYLEW HElM BRIDGE BORING RIO9.1021 
Source to Recelver and Recelver to Recelver Analysls 

-+ Source-Near Receiver, Vs 

--n- Near-Far Receivers, Vp 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 1000 2000 3000 4000 5000 t3600 7000 

VELOCITY [Ws) 

Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and .%-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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Between Source and 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and Between Source and 
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SCHUYLER HElM BRIDGE: BORING W49422 
Source to Recelver and Recelwer to Recelwer Ana lysls 

0 

+Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

U Source-Near Receiver, Vp 

180 
0 2600 4000 6000 8000 

VELOCITY [Ws) 

Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis 
and S - R l  quality assurance analysis P- and &-wave data 
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Between Source and Between Source and 
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SCHUYLER nElM BRIDGE BORING ~-88-025 
Source to Recelver and Receiver to Rscslvgr Analysis 

0 

+Source-Near Receiver, V 

Near-Far Receivers, Vp 

4000 $000 

VELOCITY (Ws) 

Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLER HEIM BRIDGE BORING W109428 
Source to Recelver and Wecelver to Recelver Analyds 

--0-- Source-Near Receiver, Vs 

-+ Near-Far Receivers, Vp 

+ Source-Near Receiver V 

1 1 1 . 1 . 1 . 1 1 . 1  1 1  m . . . . . . . . . . .  . . . . . . . . . .  
0 1000 2000 3060 4000 5000 8000 7000 

VELOCITY (ftls) 

Figure A-6. Boring R-09-028, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-6. Boring R-09-028, S - R l  quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Depth at Midpoint Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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Earth Mechanics Inc. Project Number 06-123 

SON ES "' Calibration Report 

IWetrology 
7300 FenwicIc Lane 
West~ninster, CA 92683 

GEOVision Geophysical Services 
1 124 Olympic Drive 

Corona, CA 92881-3390 

Page I of 4 

I Illlll l~lii Wii lilIBriB~l llll1111 
573794 

7'"~l.l Free: 866-723-2257 
L a b  Code: 105014-0 

Manufacturer: o y o  
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160023 
Serial Number: 160023 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

Ambient Temoerature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 
Calibration Due Date: 07/17/2010 

Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by  Metrology Engineering and documented 
in SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards Utilized 

- J - ' .--.*- -,- - . . ' ' - -  . : . .. Calibration Performed By: ' - - - 1 ' - I ,_ . , -: Q U  - I .. . - . - _ 
1. '= ; /" 

Branson, Craig A Metrologist 71 4-895-071 4 
.- -- -- -- - A- 

Phone Nnn~e Title Nnme 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISOllEC 17025:2005, ANSllNCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 

Q u e  D.ate 
07/29/2009 

1 1/04/2009 

01/24/2010 

the uncertai@bpted ishhe elp#ed uncertainty of the measurement, where k=2. 
lsron epor 5-01 rev a Page 65 of 72 November 11. 2009 

- 
-Cal.IDate - - 
01/29/2009 

05/04/2009 

01/24/2009 

r - -  -- i- - @Skfijjti&? ;< <- - *- -* - - ..-- .-. .T pX;---i 

- ' - - 
Counter, Universal 

Generator, Function, Synthesizer 

Standard, Frequency, Controlled, Gps 

lLD. fio, 
SI-01252 

S1-01347 

S1-03686 

- - -- .-- -..,'- ' ~ a n u f a c ~ r e ~  -- - - C--  .- - 
Hewlett Packard 

Hewlett Packard 

Fluke 

.2~-fj&~?fl&2~>:=5s: ;.:;-2;2 - -- rc- %- ( I_ - - -- - 
5 3 3 5 ~  OPT 010,203o40 

3325A 

91 0 



Earth Mechanics Inc. 
Project Number 06-123 

Test No. 573794 
Asset No. 160023 

Custom Specification Report 
Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

MlrdCnlr CPM: I'crxio,, 2.2.2 (P~o/es~iotln~ ATTACHMENT 2 Customer 
Src DUI: (9548AF3D-C74D-JCPF-,IEEF-IIEF56OBC4SIJ (c) 

Doc DUI: ( ~ ~ B I O F J ~ E - ~ C S ~ - ~ ~ S O - ~ I C B - I ~ O S A ~ ~ E ~ ~ ~ C I )  (0) Page 1 of 2 

GEOVision Report 9375-01 rev a Page 66 of 72 

CALIBRATION 
TOLERANCE 

49.50 to 50.50 HZ 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

-- 

198.0 t o  202.0 Hz 
[EMU 0.001000] 

495.0 to  505.0 Hz 
[EMU 0.002500] 

-- 

[EMU 0.005000] 
990 to 1010 Hz 

[EMU 0.010000] 
1980 t o  2020 Hz 

-- 

49.50 t o  50.50 Hz 
[EMU 0.000250j 

-- 

[EMU 0.000500] 
99.0 t o  101.0 Hz 

--- 

198.0 t o  202.0 Hz 
[EMU 0.001000] 

495.0 to  505.0 Hz 
[EMU 0.002500] 

[EMU 0.005000j 
990 t o  1010 Hz 

[EMU 0.010000] 
1980 t o  2020 Hz 

49.50 t o  50.50 Hz 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

198.0 to  202.0 Hz 
[EMU 0.001000] 

495.0 t o  505.0 Hz 
[EMU 0.0025001 

-- 

November 11. 2009 

Out 
of 

To1 
ASLEFT 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

AS POUND 

50.00 

100.0 

200.0 

500.0 

1000 

2000 

50.00 

NOMINAL 
VALUE 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

STEP 
NUM 

FUNCTION 
TESTED 

CH HN 
Frequency 
Sine Wave 

I 

I 

I 

I 

1 

CH HR 
FI equency 
Sine Wave 

-- 

- - - -. 

I 

I 

I 

I 

I 

CH V 
Frequency 
Sine Wave -- 

I 
-- 

I 

I 

100.0 Hz Same 

Remarlcs: 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

200.0 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 



Earth Mechanics Inc. Project Number 06-1 23 

I Rernnrlts: 

Test No. 573794 
Custom Specification Report 

Asset NO. 160023 Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4 

M:,dCnls CPM: Versior: 2.2.2 (Projerrionol) 

Src DUI: /9548AF3D-C74D-4C9F-,IEEF-21EF56OBC451) (c) 

Doc DUI: /ABIOF47E-4C5F-4650-9ICB-A05A72E36/CI) (0) 

ATTACHMENT 2 
Page 2 of 2 

CALTBRATION 

Customer 

Out 
of ASLEFT NOMINAL 

NUM 
STEP 

TOLERANCE -- 
AS FOUND FUNCTION 

To1 TESTED VALUE 

--- 

CH V 
Frequency 
S~ne  Wave 

I 

1000 Hz 

2000 Hz 

- 

- 

--- 

-- 

998.9 

2000 

-- 

Same 

Same 

1 

990 to 1010 HZ 
[EMU 0.005000] 

1980 to 2020 Hz 
[EMU 0.010000] 

--- 

- 

-- - 

- 

- -  

--- 

I 



' Earth Mechanics Inc. Project ~ u r n h d l 6 - 1 2 3  " ' 
{ G o o Z 3  

SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 

OYO Model no.: 3403 
160023 Calibration date: 711 712009 

By: Craig Branson Due date: 7/17/2010 

Counter rnfg.: 
Serial no.: 
By: 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: 1/29/2009 
SCE #S1-01252 Due date: 

Signal generator mfg .: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: SCE #S1-01347 Due date: 1 1 /4/2009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 
Delav: 

I OKHz 
See sample period in table below 
0 

stack (I std) I 
Svstem date = correct date and time 7/17/2009 / o r 9  . . 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +/- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*l 00)% As found -0. , '/ As left -0. I ! . [  

Calibrated by: 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Craig Branson 711 712009 
Name Date / Signature 

Witnessed by: Robert Steller 711 712009 
Name Date Signature 

Suspension PS Seismic RecorderILogger Calibration Data Form Rev 2.0 July 21, 2008 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Sample 
Period 

(micros) 
200 
I00  
50 
20 
I 0  
5 

File 
Name 

401 
402 
403 
404 
405 
406 

Time for 
9 cycles 

Hn (msec) 
/go,oo 

44.09 
45.00 
l8 .00  

9.000 
4,500 

Average 
Frequency 

Hn (Hz) 
5o.00 
/oo. 0 

r o ~ . o  
rj-00.0 
/ O ~ O  

~ a o b  

Average 
Frequency 

V (Hz) 
50,os 

/ Q ~ Q  
Z ~ 0 . 0  
500.0- 
99a.q 
2800 

Time for 
9 cycles 

Hr (msec) 
1go.oo 
40.00 
45. 
/ t i . -  
9.000 

L(.Joe 

Average 
Frequency 

Hr (Hz) 
90.00 
/oo,o 
zoo. o 
500.0 
/000 

Lo60 

Time for 
9 cycles 
V (msec) 
I5ja.00 
't0.00 

4 5-00 
lg .00  

~ . o / o  
4.j-00 



Earth Mechanics Inc 

SON ES "I Calibration Report 

Metrology 
7300 Fenwick L ~ n e  
M/estn~inster, CA 92683 
"Toll 17ree: XBf'i-723-2257 

Manufacturer: Oyo 
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160024 
Serial Number: 160024 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

GEOVision Geophysical Services 
1 124 Olympic Drive 

Corona, CA 92881-3390 

Project Number 06-123 
Page 1 of 4 

I llllll lliiiii iiilifiRil Ill1 Ill1 
573795 

Lab Code: 105014-0 

Ambient Tem~erature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 
Calibration Due Date: 07/17/2010 
Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by  Metrology Engineering and documented 
i n  SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards Utilized 
- - [ I.D. No. I Manqfacturer' _ - ; - - IMO~GI NO: . : = - -  - '=lbesciiption:- - - - - I Cali Date I Rue-Date 

151-01252 7 HewlGt ~ackard 1 5 3 3 5 ~  OPT 010,203o4o I counter, Universal ( 0~/29/z009 ( 07/29/2009 1 
51-01347 

51-03686 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISOllEC 17025:2005, ANSllNCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 

. . L-. - _ -  - - : 
CalibrafiohPerformed By:- - - - \ - - , -  - - = _ ' -  .- - <-: -- - -  - ; 

Branson, Craig A Metrologist 714-895-0714 
Nnr~ic Tillc Pl~one 

the uncerta t ted i the ex anded uncertainty of the measurement, where k=2. 
@!~slon%eport 8375-01 rev a Page 69 of 72 November 11, 2009 

Hewlett Packard 

Fluke 

-i-.,---- - 
ualiG R$$eyekZ : - - :=Q &=.*=. *--,.*:-- - - < 

Nn~nc 

11/04/2009 

01/24/2010 

3325A I Generator, Function, Synthesizer 

910 1 Standard, Frequency, Controlled, Gps 
05/04/2009 

01/24/2009 



Earth Mechanics Inc. Project Number 06-1 23 

Test No. 573795 
Asset No. 160024 

Custom Specification Report 
Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

Remarlcs: I 

STEP 
NUM 

MurlC~Is CPM: I'ersion 2.2.2 (ProJasio~ml) 

Src DUI: [9548AF3D-C74D-JC9F-AEEF-21EF56OBC45Ij (c) 

Doc DUI: [1169COBZ-3A13-Jl6il-81BF-J09D9887DDDA) (0) 

ATTACHMENT 2 
Page 1 of 2 

FUNCTION 
TESTED 

CH m 
Flequency 
Sine Wave 

I 

I 

I 

I 

I 

CH HR 
FI equency 
S ~ n e  Wave 

I 

I 

I 

I 

I 

FI equency 
Sine Wave 

Customer 

--K 
I 

I 

GEOVision Report 9375-01 rev a Page 70 of 72 

VALUE 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 HZ 

100.0 Hz 

November 1 1,2009 

100.0 Hz 

200.0 Hz 

500.0 Hz 

ASFOUND 

50.00 

100.0 

200.2 

500.0 

1000 

2000 

50.00 

100.0 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 

200.0 

500.0 

ASLEFT 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

200.0 

500.0 

1001 

2000 

50.00 

Same 

Same 

Same 

Out 
of 

 TO^ 

[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

- - 

198.0 to  202.0 Hz 
[EMU 0.001000] 

[EMU 0.002500] 
495.0 t o  505.0 Hz 

CALIBRATION 
TOLERANCE 

49.50 to 50.50 Hz 
[EMU 0.0002501 

99.0 to 101.0 Hz 
[EMU 0.000500] 

198.0 to 202.0 Hz 
[EMU 0.001000] 

495.0 to 505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000] 

1980 to 2020 Hz 
[EMU 0.010000] 

49.50 to 50.50 Hz 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.0005001 

Same 

Same 

Same 

Same 

Same 

198.0 to  202.0 Hz 
[EMU 0.001000] 

495.0 t o  505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000] 

1980 to  2020 Hz 
[EMU 0.010000] 

49.50 to 50.50 Hz 



Earth Mechanics Inc. Project Number 06-1 23 

Test No. 573795 
Asset No. 160024 

Custom Specification Report 
Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4 

MtrdCnIs CPM: I'ersio,~ 2.7.2 (ProJ~siorrul) 

Src DUl: (9WWF3D-C74D-4C9F-~IEEF-2IEF56OBC451) (c) 

Doc DUI: (1269COB2-3A13-416A-81BF409D9887DDD~I) (0) 

ATTACHMENT 2 
Page 2 of 2 
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Earth Mechanics Inc. 

SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

Counter mfg.: 
Serial no.: 
By: 

OYO Model no.: 3403 
160024 Calibration date: 711 712009 
Craig Branson Due date: 711 71201 0 

Hewlett-Packard Model no.: 533514 
2626A09881 Calibration date: 1 I2912009 
SCE #S1-01252 Due date: 7/29/2009 

Signal generator mfg.: Hewlett-Packard Model no.: 332514 
Serial no.: 
By: 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 

2652A25647 Calibration date: 5/4/2009 
SCE #S1-01347 Due date: 1 1 I412009 

10KHz 
See sample period in table below 

Delay: 0 
Stack (1 std) 1 
System date = correct date and time 711 712009 / 0 3 7  

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)lACT*l 00)% As found 

Calibrated by: Craig Branson 711 712009 ->-G--- 

Name Date V~ignature 

Witnessed by: Robert Steller 711 712009 
Name Date Sianature . . - . . . - " 

Suspension PS Seismic RecorderlLogger Calibration Data Form Rev 2.0 July 21,2008 

GFn\lisinn Rnnnrt 9375-01 rev a Pane 77 nf 77 November I I 7009 



Appendix E. Laboratory Soil Test Results 



SUMMARY OF LABOMTORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc 

DATE: 11/23/2009 SUMMARIZED BY: JT 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1 1/30/2009 Summarized By: RJ 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1211 12009 SUMMARIZED BY: JT 



SILT OR CLAY GRAVEL 

SYMBOL 

SAND 
COARSE I FINE ICOARS I MEDIUM I FINE 

BORING 
No. 

R-09-030 

II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 - w  3/," 3/817 #4 # I 0  #20 #40 #I 00 #ZOO 
100 

90  

8 0 

t- 
I 7 0  
L2 
w 
3 60 
& 
K 
w 50 
z 
U- 
t- 
Z 40  
w 
0 
rr: 
W 
a . 3 0  

2 0  

. I 0  

. o  
100 10 1 0.1 0.01 0.001 

GRAIN SIZE (rnm) 

, . . . . . . . . 
ENVIRONMENTAL 

GEOTECHNOLOGY 
,, LABORATORY 

SAMPLE 
No. 

U-05 

Project Name: 
ACTA Heim Bridge Replacement 

Earth Mechanic, Inc. Client: 
Job NO: 06-1 23-03 
EGL Project No: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FIGURE 

DEPTH 

(FT) 

25 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

CL 

LIQUID 
LIMIT 

4 3 

PLASTICITY 
INDEX 

18 



SILT OR CLAY GRAVEL 

SYMBOL 

SAND 
COARSE I FINE ICOARSI MEDIUM I FINE 

BORING 
No. 

R-09-030 

I I  S STANDARD SIEVE OPENING U.S. STANDARD S I N E  NUMBER HYDROMETER 

3" I-%" 3/," 3/82' #4 # I 0  #20 #40 #I 00 #ZOO 
100 

90 

80 

t- 
L 
C3 

70  
- 
$ 60 

iz 
lx 
LLI 50 z 
L L  

t- 
Z 40 
w 
0 
K 
w 
a 30 

20 

10 

0 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mrn) 

. . . . . . . . . 
. .. ...... : . EN,,I RONMENTAL ,.......-- ...*.., 

:*.,.,-..*..& , . , . . . . :::=Ti - GEOTECHNOLOGY ,..+.... *., --ar LAB0 RATORY 

SAMPLE 
No. 

U-09 

Project Name: 
ACTA Heim Bridge R e p l a c e m e n t  

Client: Earth Mechanic, Inc. 

Job No: 06-1 23-03 

EGL Project No: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM 0422) FIGURE 

DEPTH 
(FT) 

45 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

CL 

LIQUID 
LIMIT 

45 

PLASTICITY 
INDEX 

20 



II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUblBER 

3" I -% 3/4" 3 / ~ ' '  #4 # I 0  $20 #40 #I00 #200 

HYDROMETER 

100 

SILT OR CLAY GRAVEL 

1 0.1 

GRAIN SIZE (mm) 

SAND 
COARSE I FINE ICOARS~ MEDIUM I FINE 

I IProject Name: 

SYMBOL 

~ E G L  Project No: 09-230-008 

GRAINSIZE 

BORING 
No. 

R-09-030 

. . , . . . . . . 
.,',T..'' :;... E;.'.;:':. ENVl RON M ENTAL ,...- 7,- -::::::. 
! ,.*.:....; , "",. sqx$ GEOTECHNOLOGY 

%::*&-.., ,, LABORATORY 

DISTRIBUTION CURVE 
1 1/29/09 (ASTM D422) FiGUR 

ACTA Heirn Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job No: 06-1 23-03 

SAMPLE 
No. 

S-20 

DEPTH 

(FT) 

110 

SAMPLE 
TYPE 

BAG 

SOIL 
TYPE 

ML 

LIQUID 
LIMIT 

27 

PLASTICIT( 
INDEX 

4 



I I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" I-%" 35," 3 
/8" #4 # l o  #20 #40 #60 #I 00 #200 

100 

90 

80 

I- 

10 1 0.1 

GRAIN SlZE (mm) 

DEPTH SAMPLE SOIL LIQUID PLASTIC 
SYMBOL BORING NO SAMPLE NO 

(FT) TYPE TYPE LIMIT INDEX 

R-09-030 5-23 135 Bag SM N/A N/A 

. . . . . . . . . . - . . . . . . ENVIRONMENTAL ACTA Heim Bridge Replacement 

06-1 23-03 

LABORATORY Earth Mechanics, Inc 

GRAIN SlZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FlGUR 



AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

Earth Mechanics, I nc. 



LC) 
CU 

-w L 

!z + a 
E a, 

a, 
n 

0 
rn - 
Q LC) 

2 4 - 





AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

Earth Mechanics, Inc. 







NORMAL PRESSURE (PSF) 

Sample 
Depth (ft) 

Sample Cohesion Friction 
Boring No.: Soil Type Symbol 

No. TY pe (PSF) Angle 
0 

R-09-030 D-06 30 Ring SM 
10 33 

n 0 32 

Normal Initial Final 
S t r e s s  Moisture Moisture 
(psf) (%I (Yo) 

2000 24.9 33.0 
4000 24.9 30.7 
6000 24.9 29.4 

............ 

Project No: 06-1 23-03 

EGL Project No: 09-230-008 

DIRECT SHEAR 
1 12109 (ASTM D3080) Figu 



1000 2000 3000 4000 5000 6000 7000 8000 

NORMAL PRESSURE (PSF) 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (%) (Yo) 

4000 26.1 29.1 
6000 26.1 27.2 
8000 26.1 26.6 

Boring No.: 

R-09-030 

I I Project Name: 

Sample 
No. 

D-13 

I EGL Project No: 09-230-008 

DIRECT SHEAR 

........ ............ 

....... FZa r 

Depth (ft) 

6 5 

ENVIRONMENTAL 

GEOTECHNOLOGY 

LABORATORY 

Sample 
TY ~e 

Ring 

ACTA Heirn Bridge Replacement 

Client: Earth Mechanics. Inc. 

Project No: 06-123-03 

Soil Type 

SM 

Symbol 

0 

u 

Cohesion 

(PSF) 
160 
109 

Friction 
Angle 

35 
32 



SUMMARY OF LABOMTORY BEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement 

PROJECT NO.: 06-123-03 

DATE: 11/23/2009 

EGL JOB NO. : 09-230-008 

CLIENT: Earth Mechanics, Inc 

SUMMARIZED BY: JT 

*LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1 1/30/2009 Summarized By: RJ 



I I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER 

GRAVEL 

1 0.1 

GRAIN SIZE (mm) 

HYDROMETER 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 
0.01 0.001 

COARSE 1 FINE ICOARS 1 MEDIUM I FINE 

SAND SILT OR CLAY 

1 project Name: 

SYMBOL 

JEGL Project NO: 09-23 0-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1 /29/09 (ASTM D422) FIGURE 

BORING 
No. 

R-09-032 

. . . . . . . . . . - ."'% """ EN",RONMENTAL . . . . . . . . . . . . , ; ......-- ""4,' . . . . . . . ,.,...; ..*.; , " "" 
%%2,3 GEOTECHNOLOGY 
t:Z*&..r ,, LABORATORY 

ACTA Heim Bridge Replacement 

Earth Mechanic, Inc. Client: 
Job NO: 06-1 23-03 

SAMPLE 
No. 

S-03 

DEPTH 
(FT) 

15 

SAMPLE 
TYPE 

BAG 

SOIL 
TYPE 

CH 

LIQUID 
LIMIT 

55 

PLASTICITY 
INDEX 

2 9 





I 1  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 3,14'' 3 #4 # I 0  #20 #40 #60 # I  00 #zoo 

LL 

t- 
2 
w 40 

0 
aL 
W 
a 3 0 

20 

10 

0 
100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

SYMBOL 

. . . . . . . . . . . . . . . ... %{. ...,. .... ...... ENVIRONMENTAL ::::.- ::;:::. ,...,.,..... , . , . . . . 
% Z ~ J  GEOTECHNOLOGY - LABORATORY 

Project Name: 
ACTA Heirn Bridge Replacement 

Client Job NO.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008 

BORING NO 

R-09-032 

GRAIN SlZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FIGURE 

SAMPLE NO 

5-20 

DEPTH 

(FT) 

120 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

SP-SM 

LIQUID 
LIMIT 

NIA 

PLASTIC 
INDEX 

NIA 





2000 3000 4000 5000 

NORMAL PRESSURE (PSF) 

Sample 
Depth (ft) Soil Type Symbol 

Cohesion Friction 
Boring No.: 

No. Type (PSF) Angle 

10 
0 

R-09-032 0-02 Ring SM 
150 29 

17 90 3 0 

Normal Initial Final 
St ress  Moisture Moisture 
(psf) (%) (%) 

Project Name: I 
ACTA Heirn Bridge Replacement 

GEOTECHNOLOGY Client: Earth Mechanics, Inc. 

Project No: 06-1 23-03 

I EGL Project No: 09-230-008 

DlRECT SHEAR 
1 2/09 (ASTM D3080) Fiqure 



0 1000 2000 3000 4000 5000 6000 

NORMAL PRESSURE (PSF) 

Boring No.: Depth (ft) Sample Cohesion Friction 
No. 

Soil Type Symbol 
Type (PSF) Angle 

30 SM 
0 

R-09-032 D-06 Ring 284 33 
n 196 30 

Normal Initial Final 
Stress Moisture Moisture 

(psf) (%) (%) 

Project Name: 
ENVIRONMENTAL ACTA Heim Bridge Replacement 

Project No: 06-1 23-03 

EGL Project No: 09-230-008 

DIRECT SHEAR 
I 11 2/09 (ASTM D3080) Figi 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc 

DATE: 1 1/23/2009 SUMMARIZED BY: JT 



l1.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1-1/2" 3/," 3/811 #4 # I 0  #20 #40 #I 00 #200 

1 0.1 

GRAIN SIZE (mm) 

SILT OR CLAY GRAVEL SAND 

I 1 I project Name: 

COARSE I FINE ICOARS~ MEDIUM I FINE 

SYMBOL 

I E G L  Project No: 09-230-008A 

GRAINSIZE 

BORING 
No. 

R-09-033 

.... . .... .-..... ;.'.': &;.;;.:):., ENVl RON M ENTAL .... . . . . . . . ......- GEOTECHNOLOGY 
'*..I."- ,, LABORATORY 

DISTRIBUTION CURVE 
12/21 109 (ASTM D422) FIGURE 

ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 

SAMPLE 
No. 

U-04 

DEPTH 
(FT) 

20 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

CH 

LIQUID 
LIMIT 

61 

PLASTICITY 
INDEX 

3 5 



I 

COARSE I FINE ICOARSl MEDIUM I FINE 

1 GRAVEL 

I1 S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER 

3" 1-51" 3/," 3/8" #4 # I 0  #20 #40 #I 00 #ZOO 

HYDROMETER 

SAND 

' 1 0.1 

GRAIN SIZE (mm) 

SILT OR CLAY 

I 1 Project Name: 

SYMBOL 

I EGL Project No: 09-230-008A 

GRAINSIZE 

BORING 
No. 

R-09-033 

. . . . . . . . . .-.... . . ' >  ENVIRONMENTAL ,.... - +::::::. " ,..... , ,... #. z:qx~ GEOTECHNOLOGY 
gz...:r ,, LAB0 RAT0 RY 

DISTRIBUTION CURVE 
12/21 109 (ASTM D422) FlGUF 

ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 

SAMPLE 
No. 

S-08-1 

DEPTH 

(FT) 

40 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

C L 

LIQUID 
LIMIT 

4 1 

PLASTICITY 
INDEX 

18 



II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

GRAVEL 

1 0.1 

GRAIN SIZE (rnrn) 

COARSE I FINE ICOARS I MEDIU~V~ I FINE 

SAND SILT OR CLAY 

SYMBOL 

. , . . . . . . . 
..',c3~.'.-;.'. :., .... .. ...... . :.., ..,,....... ENVIRONMENTAL ....... : ....,.::; , "".. 

GEOTECHNOLOGY 
y:isV,-..;r ,, LABORATORY 

BORING 
No. 

R-09-033 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 
EGL Project No: 09-230-008A 

GMINSIZE 
DISTRIBUTION CURVE 

12/22/09 (ASTM D422) FIGURE 

SAMPLE 
No. 

U-09 

DEPTH 
(FT) 

45 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

ML 

LIQUID 
LIMIT 

24 

PLASTICITY 
INDEX 

1 



GRAVEL 

SYMBOL 

SAND SILT OR CLAY 

BORING 
No. 

R-09-033 

COARSE I FINE I COARS I IvlEDlUM I FINE 

IJ S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 
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. . . . , . . . . .-.... ::.;.;.'a::!:, ENVIRONMENTAL ,....- -.....* ;....;..*. i, """ GEOTECHNOLOGY ...... 
*.c.).Ur ,, LABORATORY 

Project Name: 
ACTA Heim Bridge Replacement 

Client: E a r t h  Mechanics, Inc. 

Job NO: 06-123-03 

EGL Project No: 09-230-008A 

SAMPLE 
No. 

D-12-1 

GRAINSIZE 
DISTRIBUTION CURVE 

12/21 I09 (ASTM D422) FIGURE 

DEPTH 
(FT) 

60 

SAMPLE 
TYPE 

Ring 

SOIL 
TYPE 

SM 

LIQUID 
LIMIT 

N/A 

PLASTICITY 
INDEX 

NIA 



COARSE I FINE ~ C O A R S ~  MEDIUM I FINE 

l l  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 -q/22" 3/4" 3/81 #4 # I 0  $20 #40 # I  00 #200 

100 

0 
1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY 
SYMBOL 

No. No. (FT) TYPE TYPE LIMIT INDEX 

R-09-033 5-1 3-1 65 Bag C L 38 14 

I 1 Project Name: . . . . , . . . . .-.. ... . 
:.:<.'&,l.>j):: ENVIRONMENTAL ACTA H e i m  B r i d g e  R e p l a c e m e n t  
""" m-...." 
::;:;:: , -@.'.':.-.; c z q &  GEOTECHNOLOGY 
'=  LAB0 RATORY 

Client: E a r t h  M e c h a n i c s ,  Inc .  

Job No: 06-123-03 
~ E G L  P r o j e c t  N o :  09-230-008A 

GRAINSIZE 
DISTRIBUTION CURVE 

12/21/09 (ASTM D422) FIGURE 
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BORING 
No. 

R-09-033 
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I I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" I-%'' 3/," 3/8" #4 # I 0  #20 #40 #I 00 #ZOO 

100 
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I 70 cr, 
W 
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60 
& 
cL 
W 
Z 50 
- 
LL 
t- 
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. . . . . . . . . .-..... . .. . *., .. . :, , ,,>.:.:-+;;.;:.,: ENVl RON M ENTAL ..*..:;..: k, :;;;:;; 
GEOTECHNOLOGY 

y..,.. l or 
.M..W* ,, LABORATORY 

SAMPLE 
No. 

S-I 7-2 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-123-03 
EGL Project No: 09-230-008A 

GRAINSIZE 
DISTRIBUTION CURVE 

1 2/21 109 (ASTM D422) FIGURE 

DEPTH 
(FT) 

90.6 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

C L 

LIQUID 
LIMIT 

3 3 

PLASTICITY 
INDEX 

11 



GRAVEL SAND 
COARSE I FINE I COARSE I [VIEDIUM FINE 

I SILTOR CLAY 1 
I1 S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

10 1 0.1 

GRAIN SlZE (rnm) 

I EGL Project No: 09-230-008A 

GRAIN SlZE 

;..2&$(;., ENVIRONMENTAL 
:..; ,-....; , . , . , . , . 

GEOTECHNOLOGY ..... 
.*.wwr - LABORATORY 

DISTRIBUTION CURVE 
Dec-09 (ASTM D422) FIGURE 

DEPTH 

(FT) 

80 

SAMPLE NO 

S-16 

SYMBOL 

Project Name: 
ACTA Heim Bridge Replacement 

Client J O ~  No.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 

BORING NO 

R-09-033 
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TYPE 

Bag 

SOIL 
TYPE 

SM 

LIQUID 
LIMIT 
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PLASTIC 
INDEX 

NIA 
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+ ,  ENVIRONMENTAL .....* : ..,. :..:: , "."' 
%x&$ GEOTECHNOLOGY 
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Project Name: 
ACTA Heim Bridge Replacement 

Client Job No.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008A 

BORING NO 

R-09-033 

GRAIN SlZE 
DISTRIBUTION CURVE 

Dec-09 (ASTM D422) FIGURE 
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S-19 

DEPTH 

(FT) 
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Bag 
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TYPE 

SM 
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PLASTIC 
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NIA 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008A 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1211 812009 Summarized By: RJ 



SUMMARY OF LABORATORY TEST RESULTS 
POCKET PENETROMETER 

PROJECT NAME ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A 

PROJECT NO: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/22/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/22/2009 SUMMARIZED BY: JT 



NORMAL PRESSURE (PSF) 

Boring No.: 

R-09-033 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (%) (%) 

2400 21.4 26.4 
4000 21.4 25.8 
8000 21.4 25.5 

Sample 
No. 

0-07 

........ ............ 
. ,.-.. ....... ..-. - ....... ............. ........... .----. ....- .. " ... ........ - :  

Depth (ft) 

3 5 

DIRECT SMEAR 
12/09 (ASTM D3080) Figure 

ENVIRONMENTAL 

GEOTECHNOLOGY 

LABORATORY 

Sample 
Type 

Ring 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-1 23-03 

EGL Project No: 09-230-008 

Soil Type 

SP-SM 

Symbol 

0 

Cohesion 
(PSF) 
286 
138 

Friction 
Angle 

34 
3 0 



Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void 
Symbol 

No, No. (Ft.) Type Content (%) Density (PCF) Ratio 

O R-09-033 U-03 15.0 CL-ML 47.8 77.3 1.179 





10 100 

LOG OF TIME (MINUTE) 

10 20 3 0 

SQUARE ROOT OF TIME (MINUNTE) 

Boring No: R-09-033 

Sample No: U-03 

Depth (ft): 15 

Soil Type: CL-ML 

Normal Stress: 4.0 ksf 

1 project Name: ACTA Heim Bridge 

Replacement 

ENVIRONMENTAL Earth Mechanics, Inc 

09-230-008A 

TIME DEFORMATION CURVE 

12/09 (ASTM D2435) Figure 



1 10 

COMPRESSIVE STRESS (KSF) 

- 

ACTA Heim Bridge Replacement 
Earth Mechanics, Inc. 

LAB 0 RAT0 RY 

(ASTM D2435) 

Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void 
Symbol 

No. No. (Ft.) Type Content (%) Density (PCF) Ratio 

O R-09-033 D-10-2 50.5 ML 27.1 95.7 0.761 



Boring No: R-09-033 

Sample  No: D-10-2 

Depth (ft): 50.5 

Soil Type: ML 

Normal Stress: 1.0 ksf 

TlME BEFORMATION CURVE 

12/09 (ASTM D2435) Figure 
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......... ............ ' ' ENVIRONMENTAL 

GEOTECHNOLOGY 

LABORATORY 

Project Name: ACTA Heim Bridge 

Replacement 

'Iient: Earth Mechanics, Inc 

Project No: 06-123-03 

EGL No: 09-230-008A 





5  I 0  15 2 0  
AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

Boring Depth Sample Soil Sample Moisture Dry Effective Maxiinurn Strain Initial 

Content Density Confined Deviator Rate Saturation 
No (ft) No Type Type (%) (pcf) Pressure (psi) Stress (psi) (idinin) (%) 

R-09- 
20 U-04 CH 

Shelby 
03 3 Tulbe 

59.44 64.1 7.0 11.1 0.06 98.4 

. . . . , :... . . . ENVIRONMENTAL Project Address: ACTA Heim Bridge Replacement :.::I%-- .. . . . . . . . . . . . ...... ...... ...... 2,s GEOTECHNOLOGY - ....... .... " ... q..... .&, LAB 0 RAT0 RY Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 

EGL Project No: 09-230-008A 

UNCONSOLIDATED UNDRAffNED 
(ASTM D2850) 
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5  I 0  15 2 0 

AXIAL STRAIN (%) 

10 20 30 40 50 60 70 

NORMAL STRESS (PSI) 

Boring Depth Sample Soil Sample Moisture Dry Effective Maximum Strain Initial 

Content Density Confined Deviator Rate Saturation 
No (ft) No Type Type (%) (pcf) Pressure (psi) Stress (psi) (dmin)  (%) 

R-09- 
033 

45 ML 30.47 92.2 14.0 53.7 0.06 99.3 
Tube 

. . . . . , . . ...... ::.... ENVIRONMENTAL Project Address: ACTA Heim Bridge Replacement 

GEOTECHNOLOGY 

LAB0 RATORY Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 

EGL Project No: 09-230-008A 

UNCONSOLIDATED UNDRAlNED 
(ASTM D2850) 







Appendix P. Site-Specific Ground Motion Study Memorandum 



  
 
 

17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 16.7 in

Min= -10.5 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 1 - FP

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 21.4 in/s

Min= -18 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.51 g

Min= -0.43 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 10.2 in

Min= -14 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 5 - FP

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 16.9 in/s

Min= -19.3 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.4 g

Min= -0.51 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 
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Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
 
DATE: February 2, 2010 EMI PROJECT NO: 06-123-03 
 

PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  

COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  

PREPARED BY: Arul K. Arulmoli, Eric Brown & Patrick Wilson / Earth Mechanics, Inc. 
 

SUBJECT: ACTA Schuyler Heim Bridge (Replace) 
 Los Angeles and Long Beach, CA 
 Bent Foundation Lateral Pile Analysis (p-y Curve Comparison) 
 
 
Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge (Replace) and associated ramp structures (New Dock Street On-Ramp, New Dock Street 
Off-Ramp, State Route-103 On-Ramp and State Route-103 Off-Ramp) in the cities of Los 
Angeles and Long Beach, California.  

This memorandum summarizes the results of our lateral pile analysis following completion of 
the recent field investigation and laboratory testing program and is intended to verify that p-y 
curves developed during the preliminary design phase are suitable and conservative for use in 
final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California. The bridge is located on SR-47 and spans the Cerritos Channel generally 
between Pier A Way on the north side and W. Ocean Boulevard on the south side.

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge and the new alignment shifts east along the existing alignment. The 
proposed fixed bridge will have an elevated profile to provide a vertical clearance of about 47 
feet over a mean high water level (MHWL) of +4.7 feet in the Cerritos Channel and maintain a 
navigable channel width of 180 feet. The proposed bridge will also include southbound exit 
ramps and northbound entrance ramps at New Dock Street and State Route (SR) 103. 



 Schuyler Heim Bridge (Replace) 
Bent Lateral Pile Analysis – P-Y Curve Comparison 

February 2, 2010 
Page 2 

 

17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

The typical bridge bent will have either multiple columns (mainline) or single columns (ramp 
structures) supported on Type II cast-in-drilled-hole (CIDH) piles. South of Cerritos Channel, the 
CIDH piles are 10 ft diameter while the spans across Cerritos Channel and north of Cerritos 
Channel are supported on 11 to 12 ft diameter CIDH piles. The abutments for the mainline and 
the ramp structures are expected to be supported on 2.5-foot diameter CIDH piles; however the 
subject memorandum only pertains to the bent pile analysis. 

Project Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by EMI (EMI, 
2006) based upon existing subsurface information available at the time and was intended to be 
used for bridge type selection and preliminary design. The PFR included a general description of 
the subsurface conditions including eight idealized soil profiles along the proposed structure 
alignment with each idealized soil profile typically spanning across multiple bents. The idealized 
soil profile was used by EMI to develop pile lengths for cost estimating purposes based upon 
preliminary design loads provided by the designers. Each idealized soil profile included 
stratigraphy and idealized soil strength parameters (unit weight, friction angle and undrained 
shear strength) including post-liquefaction “residual” shear strengths for the layers identified as 
being potentially liquefiable based on a liquefaction analysis performed on the existing soil 
borings.  

It is our understanding that following approval of bridge type selection, design soil springs (p-y 
curves) were generated by Caltrans using the idealized soil profiles provided in the PFR (EMI, 
2006). The preliminary p-y curves were intended to be used during the initial stages of design 
until a project specific geotechnical field investigation was conducted and the bridge foundation 
report was prepared. A set of p-y curves was generated at each bent of the mainline and ramp 
structures for a single 10-ft diameter CIDH pile and included reduced soil strengths for the layers 
identified in the PFR as potentially liquefiable. Since the project specific geotechnical field 
investigation could not be initiated until late during the project timeline, the preliminary p-y 
curves were used by the Caltrans bridge designers in final design. Based upon our conversations 
with the bridge designers, the only modifications that were made to the preliminary p-y curves 
was the application of a p-multiplier of 1.2 to curves where the CIDH pile diameter was 
increased to 12 ft.  

In September 2009, EMI was requested by the Alameda Corridor Transportation Agency 
(ACTA) to perform the project-specific geotechnical field investigation which when completed 
consisted of 42 rotary wash borings, 33 cone penetration test (CPT) soundings and 8 hollow-
stem auger borings along the proposed bridge and ramp alignment; including at least one boring 
performed near each support of the proposed structure. After completion of the geotechnical field 
investigation and laboratory testing program, a complete liquefaction analysis was conducted 
using the new boring information and the idealized soil profile along the proposed bridge 
alignment was revised.  

Because the geotechnical field investigation was not able to be initiated until late during the 
project timeline, re-analyzing the structure based upon p-y curves generated using the updated 
soil profile was not feasible given project deadlines. Therefore, EMI performed a set of lateral 
pile analyses at selected bent locations representing the entire bridge alignment to compare the 
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preliminary p-y curves (referred to as Design Curves in this memorandum) generated from the 
idealized soil profiles in the PFR to the p-y curves developed using the updated soil profile 
(referred to as Revised Profile Curves in this memorandum) to verify that the preliminary curves 
are suitable and conservative for use in final design.  

Method of Analysis 

As described above, the Design Curves were generated from eight different soil profiles provided 
in the PFR (EMI, 2006). For comparison purposes, five bent locations were selected where the 
individual p-y curves and the overall pile behavior (pile head shear resistance and maximum pile 
moment versus pile-top deflection) could be compared. The bents selected for comparison were 
at locations where five of the eight different soil profiles generated during preliminary design 
could be analyzed. The bent locations selected consisted of two bents south of Cerritos Channel 
(Bent 2 and Bent 11), one of the bents inside the Cerritos Channel (Bent 14) and two bents north 
of Cerritos Channel (Bent 18 and Bent 24). The five different idealized soil profiles are shown in 
Figures 1 to 5.  

A review of the Design Curves indicated that coarse-grained soils appear to have been developed 
using the method proposed by Reese et al. (1974) and fine-grained soils appear to have been 
developed using the method proposed by Reese and Cox (1975) for stiff clay in the presence of 
free water. The Revised Profile Curves generated by EMI were developed using API criteria 
(2000) for coarse grained soils, Matlock’s soft clay criteria (Matlock, 1970) for clays with 
undrained shear strength less than 1 ksf and Reese’s method (Reese and Cox, 1975) for stiff clay 
in the presence of free water  for clays with an undrained shear strength greater than 1 ksf.  

For comparison of the individual p-y curves, the design curves were provided by the designers. 
The Revised Profile Curves were generated using LPILE (Ensoft, 2004) based upon the revised 
idealized soil profile developed at the different bent locations. For the comparison of overall pile 
behavior (pile head shear resistance and pile moment versus pile-top deflection), the Design 
Curves were input into LPILE using the “user input p-y curves” option. Based upon our 
conversations with the designers, a “cracked” section modulus (EI) equal to 75% of the gross EI 
was used for both models.  

Liquefiable Soil. As described above, the Design Curves were generated from soil profiles that 
indicated the presence of potentially liquefiable material. Based upon a review of the Design 
Curves, liquefied strengths were generated by applying a p-reduction factor varying between 
0.15 and 0.20 for potentially liquefiable layers.  

The Revised Profile Curves were generated based upon an updated liquefaction analysis 
performed on the borings completed in the EMI field investigation. Liquefied soil strengths for 
layers identified to be potentially liquefiable were modeled using a p-reduction factor based upon 
the values provided in Ashford et al. (2008). The p-reduction factors are correlated to an average 
normalized clean sand SPT blowcount (N1)60-CS for the liquefiable layer with discrete values 
provided for a range of (N1)60-CS. An approximate trend line was drawn through the ranges 
proposed by Ashford and used in the analysis as shown in Figure 6.  
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Group Effects. It is our understanding that the Design Curves were generated prior to Caltrans 
implementation of the AASHTO LRFD Bridge Design Specifications (AASHTO, 2007) which 
required p-reduction factors to p-y curves to account for group effects. P-reduction factors to 
account for group effects for the Revised Profile Curves followed the recommendations for pile 
group efficiency reduction factors provided in Caltrans Amendments to AASHTO LRFD BDS 
(Caltrans, 2008) and were based upon the CIDH pile on-center spacing in the bridge transverse 
direction at the individual bent locations. Since each bent consists of a single row of piles, the 
bridge transverse direction controls the pile design as it has a greater group reduction than the 
longitudinal direction. The pile spacing and p-reduction factors used in the analysis for each bent 
are listed in Table 1.  

Table 1. Group Reduction Factors for Revised Profile Curves 

Bent Location Pile Diameter (ft) Average Spacing in 
Transverse Direction (ft) 

P-Reduction Factor for 
Group Effects 

Bent 2 10 30 = 3.0 x D 0.53 

Bent 11 10 36 = 3.6 x D 0.61 

Bent 14 12 33 = 2.9 x D 0.48 

Bent 18 12 35 = 3.0 x D 0.53 

Bent 24 12 45 = 4.0 x D 0.67 

Note: Group reduction effects were not accounted for in development of Design Curves. 

Groundwater. The design groundwater elevation for the Revised Profile Curves was placed at an 
elevation of +5 ft MLLW or the ground surface in locations where proposed grade is indicated 
on the plans as being below elevation +5 ft MLLW.  

Results 

The revised soil profiles resulting from the information gathered during the recent investigation 
are generally consistent with those provided in the PFR that were used to develop the Design 
Curves. Site soils can be characterized by alluvial deposits consisting of loose to medium dense 
fine-grained silty sand and sandy silt with abundant silty clay and clayey silt layers between the 
ground surface and about 50 to 70 ft below grade. The near surface alluvium is underlain by 
dense to very dense coarse-grained Gaspur Formation sand. The coarse grained portions of the 
alluvium is generally liquefiable with some pockets and lenses with medium dense to dense 
consistency that are not considered susceptible to liquefaction.  

Since lateral pile behavior is primarily dictated by the soil profile within the upper portion of the 
pile (within about 5 to 7 pile diameters from the pile top), the lateral pile stiffness throughout the 
project is dominated by soft to stiff fine-grained material and liquefiable sand. In generating the 
revised soil profiles, the recent soil borings and laboratory test results justify using more 
appropriate p-reduction factors to account for liquefaction throughout the profile and higher 
undrained shear strengths in some of the fine-grained material. Though the Design Curves were 
generated during early stages of the project without considering group effects, when the more 
appropriate p-reduction factors for liquefiable soils and increased undrained shear strengths for 
the appropriate fine-grained soils are used in conjunction with the group reduction factors, the 
Revised Profile Curves are generally comparable to the Design Curves. Figures 7 to 11 show the 
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Design Curves plotted along side the Revised Profile Curves at each bent location for the top 100 
ft of pile length.   

Due to some revisions in the idealized soil profile stratigraphy based upon the new soil 
information, there are some depths that the Revised Profile Curves model a layer or a portion of 
a layer as softer than the Design Curves; therefore, it isn’t necessarily clear upon initial 
inspection which set of p-y curves generates a more conservative soil model. Based upon our 
conversations with the designers, performing a pile pushover analysis using a free-head pile, the 
curves that generate a pile response where a smaller pile-head shear is required to produce a 
prescribed lateral pile displacement is considered to be more conservative. In addition, since 
earthquake loading on a bridge is force based (i.e., mass times the spectral acceleration), the 
curve that predicts more moment in the pile for a given pile-head shear would also be an 
indication of a more conservative analysis. 

For the five different bents considered, the lateral pile head shear and maximum moment are 
plotted against lateral pile-top displacement in Figures 12 to 16 using the analysis methods 
described above. Figures 12, 15 and 16 show that for Bent 2, Bent 18 and Bent 24, respectively, 
the Design Curves produce a more conservative lateral pile response than the analysis using the 
Revised Profile Curves. For Bent 11 and Bent 14 shown in Figures 13 and 14, respectively, the 
lateral pile head shear to produce the same lateral pile deflection is about 15 percent less for the 
Revised Profile Curves than that for the Design Curves. These differences are considered small 
and acceptable. In addition, as shown in Figures 12 through 16, the maximum moments for given 
pile-head shear values predicted using the Design Curves are approximately equal to or greater 
those predicted using the Revised Profile Curves. 

Conclusions 

Based upon the results of the above described analysis and our discussions with the designers, 
we conclude that the Design Curves are appropriate for use in the bridge final design as they 
typically generate a more conservative lateral pile response than the response predicted by the 
Revised Curves.  
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Range from Table 1
Simplified trendline

Chart for selecting p-multiplier based on (N1)60cs

Recommended values (after Ashford et al. 2008)



y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 90 0.20 1,436 0.17 180 0.20 1,853 0.17 270 0.20 2,263

0.34 162 0.40 2,753 0.34 341 0.40 3,538 0.34 502 0.40 4,271

0.50 182 0.60 3,869 0.50 384 0.60 4,943 0.50 569 0.60 5,873

0.67 197 0.80 4,753 0.67 418 0.80 6,032 0.67 622 0.80 7,046

0.83 210 1.00 5,416 0.83 447 1.00 6,829 0.83 666 1.00 7,852

1.00 221 1.20 5,894 1.00 472 1.20 7,389 1.00 705 1.20 8,381

1.16 231 1.40 6,228 1.16 494 1.40 7,771 1.16 739 1.40 8,719

1.33 240 1.60 6,457 1.33 514 1.60 8,025 1.33 770 1.60 8,931

1.50 248 1.80 6,611 1.50 532 1.80 8,193 1.50 799 1.80 9,062

1.67 256 2.00 6,715 1.67 549 2.00 8,303 1.67 825 2.00 9,143

1.84 263 2.20 6,783 1.84 565 2.20 8,374 1.84 850 2.20 9,192

2.00 269 2.40 6,829 2.00 579 2.40 8,420 2.00 873 2.40 9,222

4.50 365 5.40 6,916 4.50 794 5.40 8,503 4.50 1,210 5.40 9,269

124.50 365 149.40 6,916 124.50 794 149.40 8,503 124.50 1,210 149.40 9,269

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 360 0.20 512 0.17 522 0.17 547 0.25 3,765 0.17 5,521

0.34 631 0.40 967 0.34 744 0.33 1,058 0.50 5,325 0.33 10,523

0.50 720 0.60 1,330 0.50 868 0.50 1,509 0.76 6,204 0.50 14,668

0.67 792 0.80 1,597 0.67 970 0.67 1,885 1.01 6,775 0.67 17,855

0.83 852 1.00 1,780 0.83 1,056 0.83 2,184 1.26 7,164 0.83 20,166

1.00 904 1.20 1,900 1.00 1,132 1.00 2,414 1.51 7,425 1.00 21,774

1.16 951 1.40 1,977 1.16 1,201 1.17 2,586 1.76 7,585 1.17 22,858

1.33 993 1.60 2,026 1.33 1,264 1.33 2,711 2.02 7,664 1.33 23,576

1.50 1,032 1.80 2,055 1.50 1,322 1.50 2,802 2.27 7,676 1.50 24,045

1.67 1,069 2.00 2,074 1.67 1,377 1.67 2,866 2.52 7,629 1.67 24,348

1.84 1,103 2.20 2,085 1.84 1,428 1.83 2,911 2.77 7,532 1.83 24,543

2.00 1,134 2.40 2,092 2.00 1,476 2.00 2,943 3.02 7,390 2.00 24,668

4.50 1,599 5.40 2,103 4.50 2,182 4.50 3,016 5.04 5,330 4.50 24,888

124.50 1,599 149.40 2,103 124.50 2,182 124.50 3,017 7.06 3,268 124.50 24,889

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 6,081 0.17 7,430 0.25 3,765 0.17 9,074 0.17 5,976 0.17 10,832

0.34 7,867 0.33 14,426 0.50 5,325 0.33 17,775 0.34 9,023 0.33 21,341

0.50 9,145 0.50 20,652 0.76 6,204 0.50 25,790 0.50 11,483 0.50 31,242

0.67 10,176 0.67 25,918 1.01 6,775 0.67 32,904 0.67 13,624 0.67 40,316

0.83 11,056 0.83 30,186 1.26 7,164 0.83 39,014 0.83 15,557 0.83 48,423

1.00 11,830 1.00 33,525 1.51 7,425 1.00 44,113 1.00 17,338 1.00 55,503

1.16 12,527 1.17 36,068 1.76 7,585 1.17 48,270 1.16 19,001 1.17 61,565

1.33 13,164 1.33 37,963 2.02 7,664 1.33 51,593 1.33 20,571 1.33 66,668

1.50 13,753 1.50 39,354 2.27 7,676 1.50 54,208 1.50 22,063 1.50 70,902

1.67 14,302 1.67 40,363 2.52 7,629 1.67 56,241 1.67 23,489 1.67 74,373

1.84 14,817 1.83 41,089 2.77 7,532 1.83 57,807 1.84 24,858 1.83 77,191

2.00 15,303 2.00 41,609 3.02 7,390 2.00 59,004 2.00 26,177 2.00 79,461

4.50 22,408 4.50 42,867 5.04 5,330 4.50 62,636 4.50 45,628 4.50 87,868

124.50 22,408 124.50 42,874 7.06 3,268 124.50 62,684 124.50 45,628 124.50 88,090

Figure 7
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 90 0.20 108 0.17 180 0.20 185 0.17 270 0.05 229

0.34 162 0.40 208 0.34 341 0.40 359 0.34 502 1.58 723

0.50 182 0.60 295 0.50 384 0.60 512 0.50 569 3.15 910

0.67 197 0.80 367 0.67 418 0.80 640 0.67 622 4.73 1,042

0.83 210 1.00 423 0.83 447 1.00 743 0.83 666 6.30 1,147

1.00 221 1.20 465 1.00 472 1.20 822 1.00 705 7.88 1,235

1.16 231 1.40 496 1.16 494 1.40 881 1.16 739 9.45 1,313

1.33 240 1.60 518 1.33 514 1.60 925 1.33 770 11.03 1,382

1.50 248 1.80 533 1.50 532 1.80 956 1.50 799 12.60 1,445

1.67 256 2.00 544 1.67 549 2.00 979 1.67 825 14.18 1,503

1.84 263 2.20 551 1.84 565 2.20 995 1.84 850 15.75 1,557

2.00 269 2.40 556 2.00 579 2.40 1,006 2.00 873 17.33 1,607

4.50 365 5.40 567 4.50 794 5.40 1,032 4.50 1,210 18.90 1,654

124.50 365 149.40 568 124.50 794 149.40 1,033 124.50 1,210 50.40 2,294

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 359 0.05 256 0.17 539 0.04 245 0.17 461 0.17 324

0.34 629 1.58 808 0.34 740 1.31 771 0.34 678 0.33 612

0.50 719 3.15 1,018 0.50 869 2.63 972 0.50 850 0.50 843

0.67 790 4.73 1,165 0.67 973 3.94 1,112 0.67 998 0.67 1,012

0.83 850 6.30 1,282 0.83 1,062 5.25 1,224 0.83 1,130 0.83 1,130

1.00 902 7.88 1,381 1.00 1,141 6.56 1,319 1.00 1,251 1.00 1,208

1.16 949 9.45 1,468 1.16 1,212 7.88 1,402 1.16 1,363 1.17 1,257

1.33 991 11.03 1,545 1.33 1,278 9.19 1,475 1.33 1,468 1.33 1,289

1.50 1,030 12.60 1,616 1.50 1,338 10.50 1,543 1.50 1,567 1.50 1,308

1.67 1,066 14.18 1,680 1.67 1,395 11.81 1,604 1.67 1,662 1.67 1,320

1.84 1,100 15.75 1,740 1.84 1,448 13.13 1,662 1.84 1,753 1.83 1,328

2.00 1,132 17.33 1,797 2.00 1,499 14.44 1,715 2.00 1,840 2.00 1,332

4.50 1,594 18.90 1,849 4.50 2,236 15.75 1,766 4.50 3,121 4.50 1,340

124.50 1,594 50.40 2,565 124.50 2,236 42.00 2,449 124.50 3,121 124.50 1,340

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.25 3,765 0.17 584 0.25 3,765 0.25 3,063 0.17 11,128 0.17 9,360

0.50 5,325 0.33 1,135 0.50 5,325 0.50 4,332 0.34 16,961 0.33 18,242

0.76 6,204 0.50 1,626 0.76 6,204 0.76 5,047 0.50 21,702 0.50 26,260

1.01 6,775 0.67 2,041 1.01 6,775 1.01 5,511 0.67 25,850 0.67 33,178

1.26 7,164 0.83 2,379 1.26 7,164 1.26 5,828 0.83 29,606 0.83 38,920

1.51 7,425 1.00 2,643 1.51 7,425 1.51 6,040 1.00 33,077 1.00 43,533

1.76 7,585 1.17 2,845 1.76 7,585 1.76 6,170 1.16 36,327 1.17 47,142

2.02 7,664 1.33 2,996 2.02 7,664 2.02 6,235 1.33 39,400 1.33 49,910

2.27 7,676 1.50 3,107 2.27 7,676 2.27 6,244 1.50 42,325 1.50 51,998

2.52 7,629 1.67 3,188 2.52 7,629 2.52 6,206 1.67 45,125 1.67 53,555

2.77 7,532 1.83 3,246 2.77 7,532 2.77 6,127 1.84 47,817 1.83 54,706

3.02 7,390 2.00 3,288 3.02 7,390 3.02 6,011 2.00 50,414 2.00 55,551

5.04 5,330 4.50 3,389 5.04 5,330 5.04 4,336 4.50 88,729 4.50 57,780

7.06 3,268 124.50 3,390 7.06 3,268 7.06 2,658 124.50 88,729 124.50 57,797

Figure 8
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.22 1,631 0.71 1,055 0.24 2,252 0.53 1,555 0.26 2,862 0.53 1,796

0.42 2,306 1.43 1,491 0.49 3,185 1.05 2,200 0.53 4,047 1.07 2,540

0.64 2,660 2.14 1,735 0.73 3,688 1.58 2,561 0.79 4,697 1.60 2,958

0.85 2,870 2.86 1,891 0.97 3,999 2.10 2,794 1.04 5,106 2.13 3,229

1.06 2,997 3.57 1,996 1.21 4,198 2.63 2,952 1.31 5,375 2.67 3,414

1.27 3,064 4.29 2,065 1.46 4,316 3.15 3,057 1.57 5,542 3.20 3,536

1.49 3,085 5.00 2,105 1.70 4,372 3.68 3,120 1.84 5,631 3.73 3,611

1.69 3,068 5.71 2,122 1.94 4,378 4.20 3,149 2.10 5,657 4.27 3,647

1.91 3,019 6.43 2,121 2.18 4,341 4.73 3,150 2.36 5,630 4.80 3,651

2.12 2,944 7.14 2,102 2.44 4,268 5.25 3,127 2.62 5,558 5.33 3,627

2.33 2,844 7.86 2,069 2.68 4,163 5.78 3,083 2.88 5,445 5.87 3,578

2.54 2,724 8.57 2,024 2.92 4,032 6.30 3,021 3.14 5,300 6.40 3,510

4.24 1,978 14.29 1,463 4.86 2,926 10.50 2,181 5.24 3,841 10.67 2,532

5.94 1,230 20.00 902 6.80 1,820 14.71 1,341 7.34 2,382 14.93 1,554

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.28 3,375 0.37 2,691 0.20 1,234 0.21 3,600 0.20 2,530 0.22 3,613

0.55 4,773 0.74 3,805 0.40 2,467 0.43 5,092 0.40 5,059 0.43 5,110

0.83 5,547 1.12 4,432 0.60 3,701 0.64 5,931 0.60 7,589 0.65 5,953

1.10 6,041 1.49 4,837 0.80 4,120 0.86 6,475 0.80 8,955 0.86 6,500

1.39 6,371 1.86 5,113 1.00 4,395 1.07 6,846 1.00 9,591 1.08 6,874

1.67 6,583 2.23 5,296 1.20 4,632 1.29 7,093 1.20 10,144 1.29 7,123

1.94 6,703 2.61 5,408 1.40 4,843 1.50 7,244 1.40 10,637 1.51 7,277

2.22 6,750 2.98 5,461 1.60 5,033 1.71 7,317 1.60 11,083 1.73 7,353

2.50 6,735 3.35 5,466 1.80 5,208 1.93 7,326 1.80 11,491 1.94 7,364

2.77 6,667 3.72 5,429 2.00 5,368 2.14 7,279 2.00 11,870 2.16 7,319

3.05 6,553 4.10 5,356 2.20 5,518 2.36 7,183 2.20 12,223 2.37 7,225

3.32 6,400 4.47 5,251 2.40 5,659 2.57 7,044 2.40 12,555 2.59 7,088

5.54 4,631 7.45 3,790 5.40 7,701 4.29 5,083 5.40 17,381 4.32 5,113

7.76 2,861 10.43 2,327 149.40 7,701 6.00 3,119 149.40 17,381 6.04 3,135

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0

0.20 5,410 0.20 3,604 0.20 12,610 0.18 9,154

0.40 10,819 0.40 6,576 0.40 25,219 0.37 17,902

0.60 13,502 0.60 8,661 0.60 34,932 0.55 25,909

0.80 15,196 0.80 9,964 0.80 41,608 0.73 32,951

1.00 16,655 1.00 10,720 1.00 47,654 0.92 38,933

1.20 17,951 1.20 11,140 1.20 53,241 1.10 43,863

1.40 19,125 1.40 11,368 1.40 58,472 1.28 47,829

1.60 20,203 1.60 11,490 1.60 63,417 1.47 50,956

1.80 21,205 1.80 11,554 1.80 68,125 1.65 53,382

2.00 22,143 2.00 11,588 2.00 72,632 1.83 55,243

2.20 23,028 2.20 11,607 2.20 76,965 2.02 56,657

2.40 23,866 2.40 11,616 2.40 81,146 2.20 57,723

5.40 36,124 5.40 11,627 5.40 142,818 4.95 60,806

149.40 36,124 149.40 11,627 149.40 142,818 136.95 60,840

Figure 9
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.14 115 0.23 231 0.19 195 0.06 288 0.22 268 0.06 312

0.29 162 0.47 459 0.38 275 2.00 906 0.42 379 2.00 983

0.43 186 0.70 679 0.58 318 3.99 1,142 0.64 439 3.99 1,239

0.58 199 0.93 889 0.77 344 5.99 1,307 0.85 477 5.99 1,418

0.72 206 1.17 1,086 0.97 361 7.98 1,438 1.06 502 7.98 1,560

0.86 209 1.40 1,269 1.16 370 9.98 1,549 1.27 517 9.98 1,681

1.01 208 1.63 1,436 1.36 374 11.97 1,646 1.49 524 11.97 1,786

1.15 204 1.87 1,586 1.55 374 13.97 1,733 1.69 526 13.97 1,880

1.30 198 2.10 1,721 1.74 370 15.96 1,812 1.91 523 15.96 1,966

1.44 190 2.33 1,841 1.93 363 17.96 1,885 2.12 515 17.96 2,045

1.57 180 2.57 1,946 2.12 353 19.95 1,952 2.33 504 19.95 2,118

1.72 169 2.80 2,037 2.32 340 21.95 2,015 2.54 490 21.95 2,186

2.87 122 6.30 2,522 3.86 247 23.94 2,074 4.25 355 23.94 2,251

4.02 74 174.30 2,560 5.41 154 63.84 2,877 5.94 221 63.84 3,121

100.00 74 342.30 2,560 100.00 154 119.70 2,877 100.00 221 119.70 3,121

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 186 0.23 757 0.17 402 0.20 872 0.25 4,519 0.05 382

0.34 350 0.47 1,479 0.34 722 0.40 1,690 0.50 6,390 1.53 1,203

0.50 395 0.70 2,136 0.50 822 0.60 2,410 0.76 7,445 3.06 1,516

0.67 429 0.93 2,711 0.67 902 0.80 3,011 1.01 8,129 4.59 1,735

0.83 458 1.17 3,195 0.83 969 1.00 3,490 1.26 8,597 6.12 1,910

1.00 483 1.40 3,591 1.00 1,027 1.20 3,859 1.51 8,910 7.65 2,057

1.16 505 1.63 3,907 1.16 1,080 1.40 4,134 1.76 9,102 9.18 2,186

1.33 526 1.87 4,153 1.33 1,127 1.60 4,336 2.02 9,197 10.71 2,301

1.50 544 2.10 4,342 1.50 1,171 1.80 4,481 2.27 9,211 12.24 2,406

1.67 561 2.33 4,486 1.67 1,211 2.00 4,585 2.52 9,155 13.77 2,502

1.84 577 2.57 4,594 1.84 1,249 2.20 4,658 2.77 9,038 15.30 2,592

2.00 592 2.80 4,675 2.00 1,284 2.40 4,710 3.02 8,868 16.83 2,675

4.50 808 6.30 4,902 4.50 1,800 5.40 4,829 5.04 6,396 18.36 2,754

124.50 808 174.30 4,904 124.50 1,800 149.40 4,829 7.06 3,922 48.96 3,819

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.25 4,519 0.20 798 0.25 4,519 0.54 1,996 0.17 7,207 0.20 8,099

0.50 6,390 0.40 1,559 0.50 6,390 1.08 2,822 0.34 9,150 0.40 15,587

0.76 7,445 0.60 2,252 0.76 7,445 1.62 3,288 0.50 10,522 0.60 22,023

1.01 8,129 0.80 2,857 1.01 8,129 2.16 3,590 0.67 11,618 0.80 27,217

1.26 8,597 1.00 3,367 1.26 8,597 2.70 3,797 0.83 12,546 1.00 31,200

1.51 8,910 1.20 3,782 1.51 8,910 3.24 3,935 1.00 13,360 1.20 34,137

1.76 9,102 1.40 4,113 1.76 9,102 3.78 4,020 1.16 14,088 1.40 36,240

2.02 9,197 1.60 4,371 2.02 9,197 4.32 4,062 1.33 14,751 1.60 37,715

2.27 9,211 1.80 4,569 2.27 9,211 4.86 4,068 1.50 15,362 1.80 38,734

2.52 9,155 2.00 4,720 2.52 9,155 5.40 4,044 1.67 15,930 2.00 39,430

2.77 9,038 2.20 4,833 2.77 9,038 5.94 3,992 1.84 16,462 2.20 39,903

3.02 8,868 2.40 4,917 3.02 8,868 6.48 3,917 2.00 16,963 2.40 40,223

5.04 6,396 5.40 5,152 5.04 6,396 10.80 2,825 4.50 24,267 5.40 40,876

7.06 3,922 149.40 5,154 7.06 3,922 15.12 1,732 124.50 24,267 149.40 40,878

Figure 10
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.14 115 0.23 140 0.19 195 0.23 182 0.22 268 0.06 325

0.29 162 0.47 276 0.38 275 0.47 358 0.42 379 1.79 1,025

0.43 186 0.70 404 0.58 318 0.70 523 0.64 439 3.57 1,291

0.58 199 0.93 521 0.77 344 0.93 674 0.85 477 5.36 1,478

0.72 206 1.17 625 0.97 361 1.17 808 1.06 502 7.14 1,627

0.86 209 1.40 717 1.16 370 1.40 925 1.27 517 8.93 1,753

1.01 208 1.63 795 1.36 374 1.63 1,024 1.49 524 10.71 1,862

1.15 204 1.87 861 1.55 374 1.87 1,107 1.69 526 12.50 1,961

1.30 198 2.10 916 1.74 370 2.10 1,176 1.91 523 14.28 2,050

1.44 190 2.33 960 1.93 363 2.33 1,232 2.12 515 16.07 2,132

1.57 180 2.57 997 2.12 353 2.57 1,277 2.33 504 17.85 2,208

1.72 169 2.80 1,026 2.32 340 2.80 1,313 2.54 490 19.64 2,279

2.87 122 6.30 1,134 3.86 247 6.30 1,443 4.25 355 21.42 2,347

4.02 74 174.30 1,137 5.41 154 174.30 1,446 5.94 221 57.12 3,254

100.00 74 342.30 1,137 100.00 154 342.30 1,446 100.00 221 107.10 3,254

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 204 0.06 358 0.17 348 0.20 444 0.17 420 0.20 521

0.34 385 1.79 1,127 0.34 642 0.40 848 0.34 743 0.40 983

0.50 434 3.57 1,419 0.50 729 0.60 1,183 0.50 848 0.60 1,351

0.67 472 5.36 1,625 0.67 797 0.80 1,443 0.67 931 0.80 1,619

0.83 504 7.14 1,788 0.83 855 1.00 1,631 0.83 1,001 1.00 1,802

1.00 532 8.93 1,926 1.00 905 1.20 1,764 1.00 1,062 1.20 1,922

1.16 557 10.71 2,047 1.16 949 1.40 1,853 1.16 1,116 1.40 1,999

1.33 579 12.50 2,155 1.33 990 1.60 1,913 1.33 1,166 1.60 2,046

1.50 599 14.28 2,253 1.50 1,027 1.80 1,952 1.50 1,211 1.80 2,076

1.67 618 16.07 2,343 1.67 1,061 2.00 1,978 1.67 1,254 2.00 2,094

1.84 636 17.85 2,427 1.84 1,093 2.20 1,994 1.84 1,293 2.20 2,105

2.00 652 19.64 2,505 2.00 1,123 2.40 2,005 2.00 1,330 2.40 2,111

4.50 892 21.42 2,579 4.50 1,561 5.40 2,024 4.50 1,871 5.40 2,122

124.50 892 57.12 3,577 124.50 1,561 149.40 2,024 124.50 1,871 149.40 2,122

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 565 0.20 5,169 0.25 4,519 0.20 10,619 0.17 10,788 0.20 14,188

0.34 826 0.40 9,886 0.50 6,390 0.40 20,345 0.34 16,443 0.40 27,639

0.50 1,030 0.60 13,846 0.76 7,445 0.60 28,563 0.50 21,040 0.60 39,764

0.67 1,205 0.80 16,941 1.01 8,129 0.80 35,046 0.67 25,061 0.80 50,205

0.83 1,361 1.00 19,231 1.26 8,597 1.00 39,889 0.83 28,702 1.00 58,848

1.00 1,504 1.20 20,855 1.51 8,910 1.20 43,362 1.00 32,067 1.20 65,771

1.16 1,636 1.40 21,973 1.76 9,102 1.40 45,780 1.16 35,218 1.40 71,173

1.33 1,760 1.60 22,728 2.02 9,197 1.60 47,429 1.33 38,197 1.60 75,301

1.50 1,877 1.80 23,230 2.27 9,211 1.80 48,537 1.50 41,032 1.80 78,408

1.67 1,988 2.00 23,561 2.52 9,155 2.00 49,275 1.67 43,747 2.00 80,717

1.84 2,094 2.20 23,778 2.77 9,038 2.20 49,764 1.84 46,357 2.20 82,418

2.00 2,196 2.40 23,920 3.02 8,868 2.40 50,086 2.00 48,875 2.40 83,664

4.50 3,694 5.40 24,182 5.04 6,396 5.40 50,698 4.50 86,020 5.40 86,920

124.50 3,694 149.40 24,182 7.06 3,922 149.40 50,699 124.50 86,020 149.40 86,943

Figure 11
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1/20/2010 Figure 1206-123

ACTA Schuyler Heim Bridge (Replace) Bent 2 Pile Head Shear and Max 
Moment versus Deflection 
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ACTA Schuyler Heim Bridge (Replace) Bent 11 Pile Head Shear and Max 
Moment versus Deflection 
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1/20/2010 Figure 1406-123

ACTA Schuyler Heim Bridge (Replace) Bent 14 Pile Head Shear and Max 
Moment versus Deflection 
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ACTA Schuyler Heim Bridge (Replace) Bent 18 Pile Head Shear and Max 
Moment versus Deflection 
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ACTA Schuyler Heim Bridge (Replace) Bent 24 Pile Head Shear and Max 
Moment versus Deflection 
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Appendix H. Design p-y Curves for Bent Lateral Pile Analysis 



- 
Table H-1. NB SIR 103 Off-Ramp Bent 25 and Bent 26 



Appendix I. Caltrans Review Comments and EM1 Response 



Review Conlnlents for Foundation Reports for BR.53-303 1 ,  BR53-3 ... 

Subject: Review Coillllleilts for Fouildation Reports for BR.53-303 1, BR.53-3033, BR.53-3034K. 
BR53-3035s. 
From: FIaitao Liu <l~aitao - liu@dot.c 
Date: Tue, 23 Mar 2010 17:17:30 -0400 
To: Arul c\sulllloli <arulmoli@ea~"iliech.coni> 
CC: Hector Bedolla <hector - bedolla@dot.ca.gov>, Dell-Jeng Jang <dell-jeng jang@dot.ca.gov>. 
Maillid R Toossi <hamid - r - toossi@dot.ca.gov>, Foued Zayati <foued-zayati@dot.ca.gov>. Bo-jan 
Misic <bo.jan - misic@dot.ca.gov>, Ralijai~ Guilaralljan <raTljai~@ea?hmecl~.com>, Eric Brown 
<e.browi~@eai-tl~rnech.com>, Seuilgwoon Han <seungwooil-l~an@dot.ca.gov> 

Dear Arul, 

Below are our review comments for the subject bridges: 

New Dock Street Off-Ramp, Bridge No. 53-3031: 

1) Table 5 (Page 28 of Foundation Report). 
Boring No. R-09-010: Please verify the liquefaction potential and 
seismic-induced settlement for the soils from El. -40' to -45' (Silt with 
sand under the blowcounts of 3), and evaluate its impact on the CIDH pile 
design in Abut 3. Comment eliminated based on your recent findings 

2) Section 5.6.1 (Page 34 of the Report). 
Please reisr to Section A11.1.1.3 of AASHTO LRFD BDS for the estimation of 
seismic lateral earth pressure on nonyielding bridge abutment, as Yong's 
method (1965) may not be an acceptab1.e approach for the seismic earth 
pressure estimation. 

3) Section 5.6.2 (Page 34 of the Report). 
Please change the word "abutment wall" into "abutment backwall". For the 
seat abutnient in this bridge, it is the baclcwall portion of the abutment 
wall that is designed to break off under longitudinal thrust from the box 
girder in order to engage the passive earth pressure. The soil spring 
behind the stemwall portion of the abutment wall will not be included for 
the bridge seismic analysis in longitudinal direction. 

4) Log of Test Borings. 
I. Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs; 11. Silty clay is not a 
standard group name for fine-grained soils in Caltrans Soil and Rock 
Logging Manual, please revise them. 

5) Appendix E.Lab Test Results 
Consolidation Coefficient (CV) is a function of the effective overburden 
and pre-consolidation stress for a given soil. Please present the 
correlation curve between consolidation coefficient and applied vertical 
pressure, and select the lowest coefficient, or the coefficient value under 
the actual effective overburden by the end of construction for the 
settlement evaluation. 

6) Axial Capacity (Calculation Volume) 
Boring No. R-09-010 was used as the reference boring for the analysis of 
axial p i l ~  capacity at all bridge support locations. This practice will 
ger~erat~ ~slatively conservative results for the determina-tion of pile tip 
under strength and service limit states. However, under the extreme event, 
the dragload produced by the soils above the bottom of liquefaction layer 
in locations other than R-09-010 could be higher than those presented in 
the analysis. The downdrag effect due to soil liquefaction could make what 
is conservative for the strength and service limit states more aggressive 
for extreme event in axial pile analysis. Different load/resistance 
combination may be needed for the seismic-controlled design pile tip. 



Re\~iew Comments for Fo~lndation Reports fol- BR53-303 1, BR53-3 ... 

7) Axial Capacity for Abut 3 (Calculation Volume) 
Based on Abutment 3 Details No.1, the closest pile center-to-center spacing 
is three times of pile diameter, group reduction factor may be needed in 
determining design pile tip elevations. 

8) Axial Capacity for Abut 3 (Calculation Volume) 
The current design pile tips will s-top at cohesive soil layers. Based on 
Section 10.8.3.5.1 of AASHTO LRFD BDS, the contribution to total pile side 
resistance from the bottom one diameter of pile embedment should be 
ignored due to the potential tensile crack in that area. Please extend the 
pile tip by one time pile diameter to reflect the above design 
consideration. 

3) Axial Capacity for all bents (Calculation Volume) 
According to CIDH Pile Details No. 2, the permanent steel casing will be 
used within 26 feet below the top of the shaft to facilitate the 
installation of the column rebar cage to be embedded into the shaft and 
subsequent concrete pour under the dry condition. It is recommended that 
shaft frictional resistance be neglected within the vertical limits of the 
proposed permanent casing. Please revise the shaft axial capacity analysis 
and design pile tips for all bents accordingly. 

10) Axial Capacity for Bent 4 (Calculation Volume) 
For extreme event, the depth to the bottom of soil liquefaction and 
downdrag should be 30 feet (E1.+5 ft minus El.-25 ft) below finished grade, 
instead of 37 ft. 

11) Axial Capacity for Bent 5 (Calculation Volume) 
For all limit states, the depth to the shaft cut-off should be taken as 10 
feet below finished grade (E1.+4 ft minus El.-6 ft), instead of 4 feet. 

12) Lateral Pile Capacity for Abut 3 (Calculation Volume) 
Please consider following point in pile lateral analysis. I. Reduce the 
overburden that is 19 ft above the pile cut-off, and create a more 
conservative soil spring value. 11. Reduce the value of momen-t of inertia 
("I" value) for the CIDH piles, and create a more conservative pile 
stiffness to reflect the cracked condition; or use nonlinear EI in L-Pile 
anal.ysis, based on pile reinforcement information from the contract plans. 
III. Try to limit the maximum bending moment of the piles to the plastic 
moment in the analysis, and revise the boundary condition of the pile, if 
necessary. 

13) Static Settlement 
Eased on LOTBs, sandy lean clay layer was encountered from El. -5 ft to 
El.-1.0 ft, with PP value of 0.25 tsf. However the settlement contribution 
from the above layer has not been addressed in the consolidation analysis. 
Please include them in your future submittal if necessary. 

14) Static Settlement 
The soil profile for New Dock Street On-Ramp Abutment 6 was used for the 
settlement analysis of the Off-Ramp Abutment 3. 

SR 103 Off-Ramp, Bridge No. 53-3034K: 

All applicable review comments from New Dock Street Off-Ramp, plus: 

1) Axial Pile Capacity for Abutment 27 (Calculation Volume) 
Please limit the end bearing to less than 20% of total required nominal 
resistance in determining design pile tip, regardless of what limit state 
we are loolr_ing at. This will reduce the additional settlement (or the 
additional stress on structural member under such settlement) associated 
with the end bearing mobilization. 

2) Axial Pile Capacity (Calculation Volume) 
The average energy corrected blowcounts are all assumed to be 18 for soils 
from El.-25 ft to El.-50 ft in axial pile analysis for all bridge support 
locations. However, the LOTBs at Bents 25 and 26 shows that soils with 
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blo~.~~counts significantly less than 15 were encountered from El.-30 ft to 
El.-40 ft, which requires that the reduction factor for the load transfer 
coefficient be included in axial pile analysis per Reese-O'Neil (1999). 
Please a(1jut the number of blowcounts in axial analysis based on LOTBs for 
Bents 25 and 26. 

New Dock Street On-Ramp, Bridge No. 53-3033 and SR 103 On-Ramp, Bridge No. 
53-30355 

All applicable review comments from BR 53-3031 and BR 3034K. 

Should you have any question, please contact me or Mr. Seungwoon Han at 
(916) 227-4533. 

Thank you. 

Haitao Liu, P.E. 

Transportation Engineer - Civil 
Office of Geotechnical Design South - 1 
Division of Engineering Services 
Department of Transportation, California 

5900 Folsom Blvd. 
Sacramento, CA 95819 
Office phone: (916) 227-0992 
Cell phone: (916) 704-6519 
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4 
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1) Table 5 (Page 28 of Foundation Report). 
Boring No. R-09-010: Please verify the liquefaction potential and 
seismic-induced settlement for the soils from El. -40' to -45' (Silt with 
sand under the blowcounts of 3), and evaluate its impact on the ClDH pile 
design in Abut 3. Comment eliminated based on your recent findings. 

2) Section 5.6.1 (Page 34 of the Report). 
Please refer to Section A1 1.1.1.3 of AASHTO LRFD BDS for the estimation of 
seismic lateral earth pressure on nonyielding bridge abutment, as Yong's 
method (1985) may not be an acceptable approach for the seismic earth 
pressure estimation. 

3) Section 5.6.2 (Page 34 of the Report). 
Please change the word "abutment wall" into "abutment backwall". For the 
seat abutment in this bridge, it is the backwall portion of the abutment 
wall that is designed to break off under longitudinal thrust from the box 
girder in order to engage the passive earth pressure. The soil spring 
behind the stemwall portion of the abutment wall will not be included for 
the bridge seismic analysis in longitudinal direction. 

4) Log of Test Borings. 
I. Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs; 11. Silty clay is not a 
standard group name for fine-grained soils in Caltrans Soil and Rock 
Logging Manual, please revise them. 

5) Appendix E.Lab Test Results 
Consolidation Coefficient (CV) is a function of the effective overburden 
and pre-consolidation stress for a given soil. Please present the 
correlation curve between consolidation coefficient and applied vertical 

pressure, and select the lowest coefficient, or the coefficient value under 
the actual effective overburden by the end of construction for the 
settlement evaluation. 

Patrick Wilson 

(pw), 
Eric Brown (EB), 

K. Arul Arulmoli (KA) 

pW EB I KA 

P W I E B I K A  

PW I EB I KA 

P W I E B I K A  

A 

A 

A 

A I C 

A 

Will comply. Supplemental laboratory tests performed on 
the sample indicate a Plasticity Index (PI) of 12: therefore, 
based upon the Boulanger and ldriss (2006) criteria, this 
layer is determined to be non-liquefiable. Lab test results 
are attached. 

Will comply. Tthe recommendations for seismic lateral 
earth pressure on nonyielding bridge abutments have 
been revised to be consistent with the recommendations 
shown in Section A1 1.1.1.3 of AASHTO LRFD BDS. 

Will comply. We agree that the recommended edit will be 
more clear for the reader and the text has been revised 
per your suggestion. 

I. Will comply. LOTB's have been revised to only show 
SPT blowcounts (attached). 
11. Silty Clay is listed as a soil-type descriptor in Figure 3-3 
(page 42) of the Caltrans SRLPCM for material with a PI 
between 4 and 7. All of the instances where a material is 
described as Silty Clay on the LOTBs, plasticity test 
results indicate a PI between 4 and 7. 

Will comply. Settlement rate calculations have been 
revised to use the lowest consolidation coefficient 
determined from lab testing. Revised settlement 
calculations are attached. 

412012010 

412012010 

4/20/2010 

412012010 

412012010 



RESPONSES FOR ACTION REOD 
A AGREE FULLY WILL COlvlPLY 
B AGREE PARTLY SEE NOTED EiCEPTlOElS 
C DISAGREE REASONS ARE 1lOTED 

Off Ramp (Bridge No. 53-3034K) Bridges 
SUBMITTAL REVIEW COMMENTS FORM 

D COlillvlENT HAS BEE11 SUPERCEDED BY DESlGil D iVEL3Pt , IE l l i  
E OUESTION OhiLY ANSWER THE OUESilOi l  

6 

7 

8 

Page 2 of 5 Tab: Ramp Bridges 65% PS&E 

6) Axial Capacity (Calculation Volume) 
Boring No. R-09-010 was used as the reference boring for the analysis of 
axial pile capacity at all bridge support locations. This practice will 
generate relatively conservative results for the determination of pile tip 
under strength and service limit states. However, under the extreme event, 
the dragload produced by the soils above the bottom of liquefaction layer 
in locations other than R-09-010 could be higher than those presented in 
the analysis. The downdrag effect due to soil liquefaction could make what 
is conservative for the strength and service limit states more aggressive 
for extreme event in axial pile analysis. Different loadlresistance 
combination may be needed for the seismic-controlled design pile tip. 

7) Axial Capacity for Abut 3 (Calculation Volume) 
Based on Abutment 3 Details No.1, the closest pile center-to-center spacing 
is three times of pile diameter, group reduction factor may be needed in 
determining design pile tip elevations. 

8) Axial Capacity for Abut 3 (Calculation Volume) 
The current design pile tips will stop at cohesive soil layers. Based on 
Section 10.8.3.5.1 of AASHTO LRFD BDS, the contribution to total pile side 
resistance from the bottom one diameter of pile embedment should be 
ignored due to the potential tensile crack in that area. Please extend the 
pile tip by one time pile diameter to reflect the above design 
consideration. 

P W I E B I K A  

P W I E B I K A  

pw EB I KA 

A 

A 

A 

Will comply. All six borings1CPTs were used to generate 
the idealized soil profile used in the pile analysis. We 
agree that the downdrag elevation for determining the 
seismic-controlled (extreme event) design pile tip 
elevation should be based on the nearest soil boring or 
CPT sounding. Different bottom of liquefiable layer 
elevations were used at each support. As shown in the 
calculation volume, the elevation to the bottom of the 
liquefiable layer was based on R-09-010 for abutment 3 
and bent 4, CPT-09-064 for bent 5, R-09-012 for bent 6, R- 
09-013 for bent 7. and R-09-015 for bent 8. This appears 
to comply with your comment. 

Will comply. Per our discussions with the designer, 1 pile 
will be added at this abutment. We have revised our axial 
pile capacity calculations to include an average pile group 
reduction factor of 0.93 at Abutment 3. The evaluation of 
the group reduction factor and revised axial pile capacity 
calculations for Abutment 3 are attached. 

Will comply. Revised axial pile capacity calculations are 
attached. 

4/20/2010 

4/2012010 

412012010 
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DATE 

412012010 

412012010 

4/20/2010 

NO. 

9 

10 

11 

Reviewed By: 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. COMMENTS 

9) Axial Capacity for all bents (Calculation Volume) 
According to CIDH Pile Details No. 2, the permanent steel casing will be 
used within 26 feet below the top of the shaft to facilitate the 
installation of the column rebar cage to be embedded into the shaft and 
subsequent concrete pour under the dry condition. It is recommended that 
shaft frictional resistance be neglected within the vertical limits of the 
proposed permanent casing. Please revise the shaft axial capacity analysis 
and design pile tips for all bents accordingly. 

10) Axial Capacity for Bent 4 (Calculation Volume) 
For extreme event, the depth to the bottom of soil liquefaction and 
downdrag should be 30 feet (E1.+5 ft minus El.-25 ft) below finished grade, 
instead of 37 ft. 

11) Axial Capacity for Bent 5 (Calculation Volume) 
For all limit states, the depth to the shaft cut-off should be taken as 10 
feet below finished grade (El.+4 ft minus El.-6 ft), instead of 4 feet. 

RESPONSE BY: 

P W I E B I K A  

P W I E B I K A  

PW I EB I KA 

ACTION 
REQ'D 

D 

A 

A 

RESPONSE 

As a result of design development and discussions with 
the designers, the CMP permanent casing has been 
replaced with driven permanent steel casing. The driving 
resistance of the permanent steel casing will be specified 
in the Pile Data Table; therefore, the skin friction along the 
length of the permanent casing (based upon APl 
methodology) has been included in the design. The axial 
pile capacity calculations for the controlling limit case 
(Strength Limit State) for the bents have been revised. A 
sample revised calcuation for Bent 4 and the revised pile 
data table are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 
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12) Lateral Pile Capacity for Abut 3 (Calculation Volume) 
Please consider following point in pile lateral analysis. I. Reduce the 
overburden that is 19 ft above the pile cut-off, and create a more 
conservative soil spring value. II. Reduce the value of moment of inertia 
("I" value) for the ClDH piles, and create a more conservative pile 
stiffness to reflect the cracked condition; or use nonlinear El in L-Pile 
analysis, based on pile reinforcement information from the contract plans. 
Ill. Try to limit the maximum bending moment of the piles to the plastic 
moment in the analysis, and revise the boundary condition of the pile, if 
necessary. 

13) Static Settlement 
Based on LOTBs, sandy lean clay layer was encountered from El. -5 ft to 
El.-10 ft, with PP value of 0.25 tsf. However the settlement contribution 
from the above layer has not been addressed in the consolidation analysis. 
Please include them in your future submittal if necessary. 

P W I E B I K A  

P W I E B I K A  

A 

A 

I. The apparent discrepancy arises from the facts that the 
LPile program does not allow the bottom of a soil layer to 
be above the pile cut-off, and the water table is not directly 
entered (it is accounted for by inputting the correct 
effective unit weight and subgrade modulus values based 
on saturatedldry conditions). 

At abutment 3, the top of the embankment is at about 
elevation +20 ft. Finished grade is at about elevation +7 ft. 
Taking the average of the top of the embankment and 
finished grade gives +13.5 ft. The design water table is 
conservatively located at elevation +5 ft. Pile cut-off is at 
+ I  ft. So the overburden can be estimated by including 4 ft 
of buoyant soil unit weight plus 8.5 ft of dry soil unit 
weight, which is about 1260 psi. Due to the LPile soil 
layering constraints mentioned above, we modeled the 
overburden using a 19 ft layer, with buoyant unit weight. 
which gives an overburden of about 1140 psf, which is 
slightly below the estimate above (conservative). 

II. Will comply. The revised lateral pile analysis includes a 
"cracked" El value equal to 80% of the gross El for the pile 
for service and strength limit state (0.25" lateral pile top 
deflection) and 50% of the gross El for the extreme event 
limit state (greater than 0.25" lateral pile top deflection). 
Revised lateral pile capacity calculations are attached. 

Ill. Based upon our conversations with the bridge 
designers, the pile reinforcing has been designed to have 
sufficient capacity to handle the moment demands. 

Will comply. The settlement calculations have been 
revised to account for the compressible layer between 
elevation -5 and -10 ft. The revised settlement calculations 
are attached. 

412012010 

412012010 

412012010 
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RESPONSE BY: 

P W I E B I K A  

P W I E B I K A  

P W I E B I K A  

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. 

ACTION 
REQ'D 

A 

A 

A 

Reviewed By: COMMENTS 

14) Static Settlement 
The soil profile for New Dock Street On-Ramp Abutment 6 was used for the 
settlement analysis of the Off-Ramp Abutment 3. 

1) Axial Pile Capacity for Abutment 27 (Calculation Volume) 
Please limit the end bearing to less than 20% of total required nominal 
resistance in determining design pile tip, regardless of what limit state 
we are looking at. This will reduce the additional settlement (or the 
additional stress on structural member under such settlement) associated 
with the end bearing mobilization. 

2) Axial Pile Capacity (Calculation Volume) 
The average energy corrected blowcounts are all assumed to be 18 for soils 
from El.-25 ft to El.-50 ft in axial pile analysis for all bridge support 
locations. However, the LOTBs at Bents 25 and 26 shows that soils with 
blowcounts significantly less than 15 were encountered from El.-30 ft to 
El.-40 ft, which requires that the reduction factor for the load transfer 
coefficient be included in axial pile analysis per Reese-O'Neil (1999). 
Please adjust the number of blowcounts in axial analysis based on LOTBs for 
Bents 25 and 26. 

RESPONSE 

Yes this is correct. Because the two bridges are located 
close to one another, based upon the subsurface 
exploration, the same idealized soil profile was originally 
used for both locations. However, based on comment #13, 
the settlement calculations for New Dock Street Off-Ramp 
have been revised to account for the clay layer 
encountered in Boring R-09-010 between elevation -5 and 
10 ft. The revised settlement calculations are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 

Will comply. Axial pile capacity calculations have been 
revised to incorporate a reduced load transfer in soil 
layers with blowcounts less than 15 blows per foot, where 
applicable. The revised axial capacity calculations and pile 
data table are attached. 

DATE 

4120/2010 

412012010 

412012010 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 
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May 7,2010 
EM1 Project No. 06-123-03 

Alarneda Cossidor Transportation Autllority 
One Civic Plaza, Suite 350 
Carson, CaIifomia 90745 

Attention: Ms. Lucien Hersh, P.E. 
Project Manager 

Subject: Fiizal Foundation Report, New Dock Street Off-Ramp, Bridge No. 53-3031 
Los Aizgeles Couizty, California, (7-LA-47, PM3.74, EA 238501) 

Dear Mr. Hersh: 

Attached is our Final Foundation Report for the subject bridge. This report presents the results of 
our analyses and recomme~ldations for design and constsuction of the bridge foundation for the 
subject bridge replacement. 

The Foundation Report for the subject bridge, dated Febmary 8,2010, was submitted to Caltrans. 
The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed the report and provided 
their comments on March 23, 2010. E M  developed responses to the OGDS-1 review comments 
and submitted them on April 20, 2010. OGDS-1 review comments and EM1 responses are 
included in Appendix I. The responses to these review comments have been incorporated into 
this Final Foundation Report. 

We appreciate the opportunity to provide geotechnical services for this project. If you have any 
questions please call us. 

Sincerely, 
EARTH MECHANICS, N C .  

NO. GE 2806 
EXP. 6-30-2010 

Patrick Wilson, PhD Eric Brown, GE 
Staff Engineer Senior Engineer 

Project Manager 

17660 Newhope Street, Suite E, Fo~u~tai~i Valley, California 92708 Tel: (714) 751-3826 Fax: (714) 751-3928 
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1.0 INTRODUCTION 

1.1 Purpose and Scope of Work 

This Foundation Report presents the findings and conclusions of a geotechnical investigation 
conducted by East11 Mechanics, Inc. (EMI) for the proposed New Dock Street Off-Ramp 
(Replace) in Los Angeles County, California (Bridge No. 53-3031). The report has been 
prepared in general accordance with Caltrans Guidelines for Foundation Investigation and 
Repoi-ts (Caltrans, 2006e). It presents results of our foundation analysis and provides design and 
constnlction recommendations to assist the bridge designers in preparing the project Plans, 
Specifications, and Estimates (PS&E) for the project. 

The geotechnical services provided for this project included the following tasks: 

13 Collection and review of existing geotechnical infonnation; 
e Field exploration consisting of drilling, sampling and logging exploratory borings; 
0 Laboratory testing of selected bulk and relatively undisturbed soil samples; 
13 Engineering analysis to develop foundation design and construction recommendations; 
13 Preparation of this report presenting our findings, conclusions, and recommendations. 

1.2 Project Description 

The Schuyler Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a 
joint partnership between Caltrans and the Alameda Corridor Transpoi-tation Authority (ACTA). 
The project proposes to replace the seismically deficient Schuyler Heim Bridge over Cen-itos 
Channel a i d  add a four-lane elevated roadway connection to Alameda Street that will bypass 
three signalized intersections and five at-grade railroad crossings. The location of the project is 
shown in Figure 1. 

The proposed Sc l~~~yle r  Heiin Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge with an elevated profile to provide a minimum vertical clearance of 
47 ft in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The 
proposed bridge replacement project includes bridge structures along the southbound exit ramps 
and noi-tl~boulld entrance ramps at New Dock Street and State Route-103 (SR-103). This report is 
prepared f ~ r  the replacement of the New Dock Street Off-Ramp stsucture (Figure 2). 

The proposed New Dock Street Of$-Ramp is a six-span Cast-in-Place (CIP) prestressed concrete 
box girder bridge supported on a single seat type abutment, four single-column bents and one 
two-col.umn bent. The north end of the structure terminates at an expansion joint where the New 
Dock Street Off-Ramp abuts the mainline structure approximately 25 ft south of Bent 9 of the 
mainline. The bridge deck is about 39 ft in width arid is approximately 529 ft long. 

The typical bridge bent has either one or two columns with each column supported on a single 10 
ft diameter Type I1 cast-in-drilled-hole (CIDH) pile. The abutments are supported o n  2.5-foot 
diameter CIDH piles. 
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1.3 Existing Bridge Information 

The existing Schuyler Heim Bridge is a 45-span structure and is approximately 3,975 feet long 
and varies from about 80 to 130 feet wide. On the as-built drawings, the New Dock Street Off- 
Ramp is shown as part of the mainline st~ucture with five spans and is identified between "Off 
Bent No. 1" and "Off Abutment No. 5" with an approximate length of about 310 ft and deck 
width of about 30 ft. 

Based on the as-built plans, the existing bridge is supported on a combination of timber piles and 
14BP73 driven steel piles. Steel piles wit11 a design loading of 40 tons are used at the abutments 
and timber piles with a design loading of 22 tons are used at the bents. 

Copies of selected sheets from the as-built drawings for the existing Scl~uyler Heinl Bridge 
relevant to the New Dock Street Off-Ramp are provided in Appendix A. 

1.4 Limitations 

This report is intended for use by Alarneda Corridor Transportation Authority (ACTA), its 
design team members and the California Department of Transportation (Caltrans) for the 
proposed New Dock Street Off-Ramp (Replace). This report is based on the project as described 
herein and the information obtained from the exploratory borings at the approximate locations 
indicated on the attached plans. The findings and recommendations contained in this report are 
based on the results of the field investigation, laboratory tests, and engineering analyses. Also, 
soils and subsurface conditions encountered in the exploratory borings are presumed to be 
representative of the project site; however, subsurface conditions and characteristics of soils 
between exploratory borings can vary. Findings reflect an interpretation of the direct evidence 
obtained. Recommendations presented herein are based on the assumption that an appropriate 
level of quality control and quality assurance (inspections and tests) will be provided during 
construction. EM1 should be notified of any pertinent changes in the project plans or if 
subsurface conditions are found to vary from those described herein. Modifications to the project 
plans or variations in subsurface coilditions inay require re-evaluation of the recommendations 
contained in this report. 

The data, opinions, and recommendations contained herein are applicable to the specific design 
elements and locations which are the subject of this report. Data, opinions, and recommendations 
herein have no applicability to any other design elements or to any other locations, and any and 
all subsequent users accept any and all liability resulting from any use or reuse o f  the data, 
opinions, and recommendations without the prior written consent of EMI. 

EM1 is 110t responsible for construction means, methods, techniques, sequences, or procedures, 
or for safety precautions or programs in connection with the construction, for the acts or 
omissions of the Contractor, or any other person performing any of the construction, or for the 
failure of any worker to cany out the construction in accordance with the Final constn~ction 
drawings and specifications. 

Sesvices perfonned by EM1 were conducted in a manner consistent with that level o f  care and 
skill ordinarily exercised by members of the profession currently practicing in the same locality 
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under similar conditions. No other representation, expressed or iniplied, and no walranty or 
guarantee is included or intended. 
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING 

2.1 Existing Information 

Existing subsurface infoimation beneath the Schuyler Heim Bridge is available from reports 
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, I11c. (MAA, 1993) 
and Diaz-Yourman and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler 
Heim Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade 
Separation Project, respectively. From these three sources, the only borings in the vicinity of the 
New Dock Street on-Ramp were those shown on the as-built Logs-of-Test-Boring (LOTB) 
sheets prepared by LKR for the seismic retrofit of the Schuyler Heim Bridge. 

For the seismic retrofit project, a total of 20 cone penetration test (CPT) soundings and five 
rotary wash borings were performed along the entire Schuyler Heim Bridge alignment. Of those 
CPT's and borings, four CPTs and one auger boring were perfonned near the subject bridge site. 
The auger boring penetrated to a depth of 157 ft and a tip elevation of -159 ft. The CPT 
soundings penetrated to depths between 100 and 138 ft below existing grade with a deepest 
penetration to a11 elevation of -140 ft. 

Copies of the LOTB sheets prepared by LKR for the seismic retrofit study are provided in 
Appendix B. 

2.2 Supplemental Field Exploration 

A geoteclmical field investigation was conducted by EM1 for the entire project betwee11 October 
and November, 2009 which included a total of eight hollow-stem auger borings, 42 rotary wash 
boriiigs and 38 CPT soundings. Of that exploration program, four rotary wash borings and two 
CPT soundings were performed in the vicinity of the New Dock Street Off-Ramp. The purpose 
of the explorations was to log subsurface conditions and collect soil samples from locations near 
the proposed bridge supports. Soil exploration infoimation is summarized in Table 1. 
Approximate locations of the explorations performed by EM1 for this project are shown on 
Figure 3 and on the LOTB sheets included at the end of this report. Upon completion, the 
exploration locations were suweyed by Wagner Engineering & Survey, Inc. (WES) under a 
subcontract with EMI. 

2.2.1 Soil Borings 

The bori~lgs surrounding the proposed bridge were perfonned at grade in the undeveloped area 
beneath the existing New Dock Street Off-Ramp bridge, west of the mainline structure through 
the existing New Dock Street Off-Ramp approach embankment. The deepest boring penetrated 
down to abcur elevation -165 ft, approximately 165 ft below ground surface. 

The borings were performed by C&L Drilling Co. (C&L) and SoCal Drilling Co. (SoCal), under 
a subcontract with EMI, using a truck-mounted drill rig equipped with 5-in diameter tri-cone 
drill bit and a mud-rotary circulation drill system. Subsurface soils and conditions were logged 
and samples of soils were collected for laboratory testing. Large bulk samples of near-surface 
soils were logged and collected. Smaller soil samples were collected fi-om borings generally at 
5 ft vertical intervals by means of split-spoon drive samplers; the Standard Penetration Test 



(SPT) sampler and the Modified California Drive (MCD) sampler were used to collect small 
disturbed and relatively undisturbed sanlples, respectively. The MCD is a split-banel sampler 
with a tapered cultting tip and lined with a series of 1 inch tall brass rings. The SPT sampler (1.4 
inch ID) and MCD sainpler (2.4 inch ID, 3.25 inch OD) were driven using a 140 pound hamner 
falling 30 inches down a total depth of 18 inches or ~ n t i l  refusal. The blowcounts for the last ft of 
penetration were recorded on the boring logs. 

As part o f  the field investigation, SPT hammer energy measurements were performed by 
EarthSpectives (ES) under a subcontract with EMI. Based on those measurements, the average 
hamier  efficiency was 62 percent in the borings performed by C&L, and 79 percent in the 
borings performed by SoCal. A copy of the ES report is provided in Appendix C. 

Boring geophysical measurements were also collected by GeoVision (GeoVision 2009) under a 
subcontract with EM1 in six uncased borings as part of the project. Compression (P) and shear 
(S) wave velocities were measured along the entire boring depth at the six selected boring 
locations. A copy of the GeoVision report is provided in ,Appendix D. 

Table 1. Soil Exploration Information 

Approx. Approx. Bottom of 
Line Approx. Approx. Approx. Boring 

Station Offset (ft) GSE (ft) GWE Boring Elevation Method 
(ft) ( ft) 

R-09-0 10"' 103+54.3 39.7 Rt +4.4 -5.1 -147.1 RW 
- - .- .. - 

R-09-0 12"' 105+35.4 8.9 Rt +13.3 -8.7 -142.2 RW 
- -- - 

K-09-0 13"' "B" 106+29.2 25.1 Rt +0.2 -4.3 -165.8 RW 

- 

CPT-09-064 
-- -. 

104+35.0 24.8 Rt +7.6 NR -103.1 CPT 
- .. . 

CPT-09-078 106+27.8 18.7 Rt +0.3 NR -97.1 CPT 

A'otes: I .  Bo~ingpetjon~zed by C&L. Drilling Co. 
2. Boringperfornzed by SoCalDrilling Co. 
3. G WE = Groundwater Elevation. 
4. GSE = G~ound Surface Elevatiol~ (estinlatedfiom topographic pla~zs). 
5. Top ofBoring Elevation Rased on NAVD88. 
6. RW = Rotary Wash, CPT = Cone Penetration Test 
7. NR = Not Recorded 

22.2 CPT Soundings 

?.'he CPT soundings were also performed at grade in the undeveloped area near or beneath the 
existing New Dock Street on-ramp structure, east of the main bridge structure. Tlie deepest 
sounding was advanced down to elevation -102.5 ft, approximately 110.1 ft below groumd 
surface. 

Cone Penetration Test (CPT) soundings were performed by Middle Earth Geo Testing, Inc. 
(Middle Ealth) under a subcontract with EMI. The CPT sounding was performed using an 



electroliic cone penetrometer in general accordance with the current ASTM Standards (ASTM 
D5778 and ASTM D3441). The CPT equiplnent consisted of a cone penetrometer assenibly 
~noulted at the end of a series of hollow sounding rods. 'The cone penetrometer assembly 
consisted of a conical tip with a 60" apex angle and a projected cross sectional area o f  1.55 in2 
(1 0 cn12) and a cylindrical friction sleeve with a surface area of 23.25 in"l5O cn12). The interior 
of the cone penetrometer is instrumented with strain gauges that allow simnx~ltaneous 
measurelnents of cone tip and fiiction sleeve resistance during penetration. T11e cone 
penetrometer assembly is continuously pushed into the soil by a set of hydraulic rams at a 
stanilard rate of 0.79 inch per second (20 m- per second) while the cone tip resistance and 
sleeve friction resistarlce are recorded every 1.967 inches (50 mrn) and stored in digital form. A 
specially designed all wheel drive 25-ton truck provides the required reaction weight for pushing 
the cone assembly and is also used to transpoi-t and house the test equipment. 'The computer 
generated giaphca! logs Include cone resistance, friction resistance, and friction ratio. Soil 
behavior type interpretations are based on guidelines by Robertson and Campanella (1 989). 

2.3 Laboratory Testing 

Laboratory tests were performed to detennine relevant physical characteristics and engineering 
propedies of soils that exist at the site. Selected soil samples were tested to deteimine soil 
classification and physical and engineering properties. A list of tests performed, the 
corresponding test. ~nethods, and purpose of testing is presented in Table 2. 

'The laboratory soil tests were conducted in general accordance with California Test (CT) 
methods or American Society for 'Testing and Materials (ASTM) standards. Test results are 
shown on the LOTB sheet at the end of the report and in tables in Appendix E. 



Table 2. Explanation of Laboratoiy Tests Performed 

Type of Test 
Applicable Test 

Method Purpose Test Results 
Location 

Dry Density ASTM' D 2937 Estimate in-situ soil density Appendix E 
-. 

Moisture Content ASTM D 2216 Estimate in-sib soil moisture content Appendix E 

No. 200 Wash ASTM D 1140 Determine the percentage of fme grained 
particles of soil Appendix E 

Sieve & Hydrometer ASTM D 422 Determine particle size distribution of soil Appendix E 

Atterberg Limits ASTM D 43 18 Determine plasticity of fme-grained soil Appendix E 
-- - .- - . 

Specific Gravity ASTM D 854 Determine degree of saturation Appendix E 
.- . .. .- -. --- -- - - -. - - -- - 

Consolidation ASTM D 2435 Determine compressibility of soil Appendix E 

U-U 'I'riaxial Test ASTM I) 2850 Estimate strength parameters of soil Appendix E 

Direct Shear ASTM D 3080 Estimate strength parameters of soil Appendix E 

Soi! pH CT' 5321643 Determine corrosion potential of soil Appendix E 

Milnilnum Resistivity CT 5321643 Determine corrosion potential of soil Appendix E 

Sulfate Conteni C'T 417 Detennine corrosion potential of soil Appendix E 
- . -- -. -- 

Chloride Content CT 422 Determine corrosion potential of soil Appendix E - 
.Note: I .  AS-rM = Anzeric~zn Society for Testing and Material; CT = California Test Method. 





3.0 GEOLOGY 

3.1 Physiography 

The Schuyler Heinl Bridge spans the Cerritos Channel in the Port of Long Beach. Like most of 
the shipping channels within the poi-t, the Cerritos channel is a man-made channel that was 
dredged into the forn~er Wilrnington Lagoon wllich was a coastal marshland with abundant tidal 
channels, estuaries, and small marslly islands. The site area is in the coastal area of San Pedro 
Bay withn Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain 
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the 
northeast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the south (Figure 
4). The western margin of the basin is open to the Pacific Ocean except for one proiniiient hill, 
the Palos Verdes Hills which is a peninsula separating Santa Moilica Bay on the north from San 
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone 
(Schell, 2007). 

The floor of the Los Angeles Basin is a relatively flat surface rising gently froin sea level along 
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet above 
the plain. The margins of the hills and mountains sui-rounding the basin are commonly elevated 
somewhat above the general level of these major plains by an apron of uplifted sediinei~ts such as 
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills. 

The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills such 
as the northwesterly alignment of hills and mesas called the Newport-Inglewood Structural 
Zone-NISZ (Figure 4). The NISZ extends from the Newport Bay area on the south to the Beverly 
Hills area on the north, and is a result of geologically recent folding and earthquake fault 
displacements. The NISZ divides the basin floor into two major plains, The Downey-Tustin 
Plain on the northeast and the Torrance plain (including the Long Beach Plain) on the southwest. 
The part of the NISZ nearest the site is at Signal Hill to the nol-theast (Figure 5). 

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers. 
These rivers enter the basin through valleys or canyons in the surrounding mountains such as Los 
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow so~~therly across the basin 
floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all minor 
tributaries in the Basin are confined within concrete-or rip-rap-lined channels but in the natural 
state they meandered back and forth across the Basin floor, commonly shifting outlets. For 
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay through 
Ballona gap and the San Gabriel River flowed into Wilrnington Lagoon which is now occupied 
by the Port of Los Angeles. At present, the Los Angeles River flows to the Port of Long Beach- 
Los Angeles area. 

The floor of the Los Angeles Basin is directly underlain by unconsolidated Quaternary-age sandy 
sediments. These generally can be subdivided into loose unconsolidated Holocene-age sediments 
which cover the bulk of the basin, and the underlying Pleistocene-age materials of the Laltewood 
and San Pedro folmations which are only exposed in some of the uplifts of the NISZ and the 
marginal plains. Hard rocks occur only in the mountains surrounding the basin and at depths 
ranging from a few thousand feet to as much as 30,000 feet in the deepest part of the central Los 
Angeles Basin. 



Except for the Newport-Inglewood and the Palos Verdes farllt zones, most surface geological 
faults such as the Santa Monica, Hollywood, and Whittier faults occur along the basin margins 
(Figure 4). In Addition to these known surface fa~llts, the Los Angeles region is underlailI by 
buried tlu-ust and reverse faults. These are poorly understood features with poorly known 
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which 
make up the Puente Hills blind thrust fault system, are examples (Figure 4). However, a11y large 
earthq~lakes associated with these subsurface features are most likely to originate at great depths 
(e.g. about 10 to 12 miles), and thus these should not impact the subject site significantly more 
than sirnilas-sized earthquakes on the nearer Newport Inglewood or Palos Verdes faults. The 
1987 Whittier earthquake occurred on one of these subsurface faults (either the Santa F e  Springs 
or the Coyote Hills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel 
Valley northeast of the site. The 1994 Northridge earthquake occurred on a so~ltherly dipping 
buried fault below the Sari Fernando Valley. 

3.2 Stratigraphy 

The project area is underlain by a sequence of geologic strata consistent with the general 
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and col-selation chart 
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles 
area. Review of the borehole logs drilled for this project, along with existing boring logs from 
other geotechnical studies and from published sources (e.g. Zielbauer, et al., 1962; Wright 199 1 ; 
U.S. Geological Survey, 2007; Schell, 2007), indicates similar strata. 

The uppermost deposits of most significance to the project were deposited during the last ice age 
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise in sea level 
was not constant but comprised several fluctuations. Interaction between the fluctuating sea level 
and sedimentary deposition from inland streams resulted in a complex association o f  inegular 
and discontin~~ous beds and lenses of marine and non-marine sedimentary strata. The major 
stratigrapl~ic ~mits underlying the project corridor are sunmasized below: 

1) The surficiai strata consist of sandy alluvium deposited by streams of the Los Angeles 
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along 
the coast during the past few thousand years (- past 5,000 to 7,000 years). These are 
about 20 to 30 feet thick. 

2) Tlze smficial strata overlie early Holocene-age transgressive marine silts and clays 
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits 
occur at depths of about 25 &5 to 70 A10 feet and represent primarily marine sediments 
deposited during the later stages of the most recent rise in sea level that began about 
15,000 to 20,000 years ago. However, these deposits commonly contain sand and fine 
gravel lenses deposited by seasonal river flooding during intermittent wetter periods and 
storms inland. 

3) These are underlain by the Gaspur Fosrnation which is coarser grained sand and gravel 
material deposited in a relict channel of the Los Angeles River that was c~ l t  when sea 
level was lower during the last ice age. As the climate warmed, sea level rose due to 
melting ice at the Polar ice caps and the shore line retreated inland. The Gaspur is about 
70 &lo feet to about 190 feet deep and consists of an upper primarily sandy unit and a 
deeper coarser sand and gravel unit. The gravels of the Gaspur channel extend far inland 



and conlprise a major aquifer in the Los Angeles area. 
4) The Gaspur channel was C L I ~  into older Pleistocene material of the Lakewood Formation 

which is about 160 to 300 thousand years old. The Lakewood is partially marine and 
partially non masine that was deposited during previous Pleistocene ice ages. Lakewood 
sediments were intermittently exposed to surficial weathering resulting in desiccation, 
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to 
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Formation. 

5) The Sari Pedro Formation extends to about 1100 +50 feet depth and comprises gently 
tilted marine silts and sands overlying the folded Tertiary-age marine deposits (Pico, 
Repetto, Fernando formations), and the ancient igneous and metamorphic basement roclts 
at a depth of about 10,000 feet. 

Table 3. Stratigraphy and Correlation Chart, Long Beach Area 

California 
Zielbauer Sequence Dept. of Geologic Formation (USGS, 2007) 

Age Estimate and others Water 
Series (1962) Resources 

(1961) 
DuneBeach Sand, 

Coastal Marsh, 
Holocene Transgressive Marine, Dominguez <15 ka Gaspur Gaspur 

Stream 
Alluvium 

Latest Pleistocene 
Mesa (-30-80 ka) 

Older Dune Sand, 
Stream Alluvium, Near- pacific Early 0 stage 5 

Upper shore Marine, (1 10-130 ka) 200 ft sand Gage 
Pleistocene Laltewood Fm (Marine Constrained between 

and Non Marine) Harbor 0 stage 5 and 9 

(-160-300 ka) 

0 stage 9-1 1 
Bent Spring 

(-300-450ka) -- 400Rgravel Lynwood 
Upper 0 stage 12-14 

~ i d g t o n  (-475-580 ka) 
---.----p-p---.------..-.-. 

Lower 0 stage 15-17+ 

Lower Wilrnington (-580-<780 ka) 

Pleistocene 
San Pedro Formation -2.0 Ma or >2.6 Ma Upper 

fi-om magnetic Silverado 
Pliocene A polarity and Silverado 

paleontology 

fi-om magnetic Lower 
Pliocene B polarity and Silverado 

paleontology 

>2.6 Ma fi-om 
Upper PicofFernando Pliocene C magnetic polarity and Pic0 Pico 

Pliocene Formation 
paleontology 



Units 1 through 3 were penetrated by many of the deeper on-land borings drilled for this 
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand samples are from 
the Gaspur Fol-niation. The over-water borings generally penetrated deeper and extended through 
the Gaspm into the upper pal? of the Laltewood Fol-nlation. Other units of the stratigraphic 
succession (e.g. the Mesa and Pacific parts of the Lakewood Formation) are present in areas 
adjacent to the project area but were eroded away by the erosion that accompanied deposition of 
the Gaspur sediments and therefore are not important to the project. Likewise, the San Pedro 
formation is deep below the site and is not impostant to the project. 

3.3 Geologic Structure 

The regional geological structure was introduced above in the geological Setting. The project 
area is near the crest of the Wilmington Anticline (Figure 5) which is a west-northwest trending 
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late 
Pleistocene strata (Lakewood Folmation) f o ~ m  a thin veneer across the Wilmington fold and 
appear to be unaffected by the deeper folding and faulting. 

There are no laown active faults at the project site. The nearest major active faults are the Palos 
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the northeast 
(Figures 5 and 6). The Tl~~uns-Huntington Beach fault is deep below the surface (Figure 6). This 
fa~llt is a thrust fault dipping northeasterly at abotlt 25-35 degrees. Some geoscientists suspect the 
fault is a potentially active blind thust fault b~l t  high-resolution geophysical data clearly show 
the fa~llt does not displace sediments younger than 3 or 4 million years old (Schell, 2007). 
Furthermore, the fault displacement diminishes toward the northwest and is virtually nil ~mder 
the project area (Figures 5 and 6). 

3.4 Seismicity 

The project site is in seismically active southern California. The present-day seismotectonic 
stress field in the Los Angeles region is one of north-northeasterly compression. This i s  indicated 
by the geologic structures, by earthquake focal-mechanism solutions, and by geodetic 
measurements. These data suggest crustal shortening of between 5 and 9 mrnlyr across the 
greater Los Angeles area (Argus et al., 1999). 

Historical earthquake epicenter maps show widespread seismicity throughout the region. The 
larger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose 
clusters along the Newport-Inglewood Structural Zone, along the southern margin of the Santa 
Monica Mountains, along the northern side of the San Fernando Valley, the southern margin of 
the San Gabriel Mountains, and in the Coyote Hills-Puente Hills area. Although historical 
earthquakes have occwred in proximity to known faults, they are often difficult t o  directly 
associate with mapped faults unless there was a surface rupture or a robust sequence of 
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be 
correlated with known faults. Part of the correlation difficulty is due to the fact that the  basin is 
underlain by the subsurface blind thrust faults that are not likely to be discovered until they 
rupture during an earthquake. 



The largest historical earthqualces in the region were the 1994 Nortlu-idge and the 1971 San 
Fernando earthquake both of which occmred north of the Los Angeles Basin (Figme 7). The 
1994 earthquake had a moment magnitude (MW) of abo~lt 66. (MS = 6.8, ML = 6.4), and 
occ~lred on a so~therly dipping s~lbsurface fault wl~ich was unknown prior to the earthquake. 
The main shoclc occu-red at a depth of about 12 miles below the comn1~11lity of Reseda i n  tlle San 
Fernando Valley. Earthquake aftershocks clearly defined the rupture surface dipping about 35 
degrees southerly from a depth of abo~lt 1 or 2 miles to 14 miles (Hauksson, 1995). The 
ca~lsative fault was never identified wit11 certainty, but it may have been on the eastern extension 
of the Oakridge fa~llt (Yeats and Huftile, 1995), a southerly dipping fault bo~lnding the Vent~lra 
Basin and dipping under the Santa Susana Mountains. 

The 1971 San Fernando earthquake was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the 
1994 event but did involve surface rupture. The 1971 event occurred on a northerly dipping 
tlmst fault that dips from the northern side of the San Fernando Valley to a depth o f  about 9 
miles under the San Gabriel Mountains. Several mapped surface faults such as the Sylmar fault, 
Tujunga fault, and Lakeview fault were involved. These faults are commonly considered to be 
part of the Sierra Madre fault system which extends easterly along the southem margin of the 
San Gabriel Mountains from the San Fe~llando Valley to the north side of the San Gabriel 
Valley, and to the Cucamonga fault in the San Bernardino area. 

The largest historical earthquake in the Los Angeles region to have a major impact o n  the site 
area was the 1933 Long Beach event wllich had a magnitude of about MW = 6.4 (ML = 6.3). 
This earthquake did not ruptuse the surface but is believed to have been associated with the 
Newport-lnglewood Structural Zone because of the distrib~ltion of aftershocks and the 
abundance of ground disturbances in proxilnity to the fault zone (Fig~re 7). Although ground 
failwes were abundant along the NISZ trend, no unequivocal surface l-upture was identified 
(Benioff, 1938). Reevaluation of the seismicity data by Hauksson and Gross (1991) led to 
relocation of the 1933 earthqrtake hypocenter to a depth of about 6 miles below the Huntington 
Beach-Newport Beach city boundary. 

The 1987 Whittier earthquake (ML = 5.9, MW = 5.9) occuil-ed on subsurface faults dipping 
under the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer, 
1999; Shaw et al., 2002). This zone of faults is referred to as tlle Puente Hills blind thrust fault 
system (Figure 4). This event did not rupture the gro~md surface. 

Another significant earthquake in the Los Angeles region was the 1812 earthquake which ca~lsed 
damage at the San Juan Capistrano Mission. The locati0~1. and magnitude of the 1812 earthquake 
are unknown because of the sparse population at the time, but geological studies (Jacoby et al., 
1988; Weldon et al., 2004) postulated that it did not occur in the Los Angeles Basin area, but 
rather, was a large (M> 7.0) distant event on the San Andreas fault in the Wrightwood area of the 
San Gabriel Mountains. 

The earliest documented earthquake in the region was reported by the Spanish Portola' 
expedition as they camped near the Santa Ana River in 1769. This event has been attributed by 
various geoscientists to just about every fault in the Los Angeles area but it could just as well 
have been a distant event that shook a wide area as did the 1971 San Fernando, the 1987 
Whittier, and the 1994 Northridge events, as well as many other more-distant events (for 
example, the 1 8 12 or 1992 Landers events). 



3.5 Geologic Hazards 

3.5.1 Surface Fault Rupture 

No s~lrficial faults are known at the site, therefore the potential for ground rupture due to faulting 
is negligible. The nearest major faults with a known potential for surface rupture are the 
Newport-Inglewood zone to the northeast and the Palos Verdes Hill fa~llt to the southwest 
(Figures 4, 5, and 6). 

3.5.2 Subsidence 

The gruuld surface in the Long Beach Harbor area has undergone substantial loweriiig during 
the 20th century due to subsidence of the sediments and roclts underlying the area. Some of this 
subsidence may have been due to natural causes (e.g. natural ground-water decline, sediment 
compaction, tectonics, 1933 Long Beach earthqualte). Harris (1945) estimated natural subsidence 
of about half an inch per year. The principal cause of the subsidence has been attributed to 
withdrawal of oil and gas (Allen, 1984; Strehle, 1987), but ground-water extraction undoubtedly 
contributed, perhaps 2 feet out of the 29 feet (7%), to the total subsidence. 

S~lbsidence accelerated with development of the Wilmington oil field in 1936. The area of 
subsidence forms a circular or bowl-shaped area centered on the northeast corner of  Terminal 
Island (Figure 8A). The maximum subsidence in the center of the subsidence bowl is about 29 
feet. Subsidence along the Heim Bridge project corridor in the western part of the subsidence 
bowl was about 14 feet (Figure 8A). The maximum rate of s~lbsidence reached about 2 -4 feet per 
year by 1951. The subsidence was so great that dikes had to be built within the harbor area to 
prevent flooding by sea water. Some of the subsided areas behind the dikes have recently been 
filled bringing the ground surface back to above sea level (- +15 feet). 

Subsidence was arrested by restoring pressure to the oil zones through injection of water into the 
oil wells. This has not only stopped subsidence but has resulted in some rebound, and also has 
been of economic benefit by driving more oil to the producing wells. Initial injection began in 
1953 but was not fully established until about 1958; by 1961 injection was widespread. 
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in 1958 
and reached a maxilnum by about 1964 with only minor fluctuations since. Max im~~m elevation 
rebound has been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet 
(Figure 8B). 

The subsidence did not cause significant damage to most surface facilities but it did damage oil 
wells at about 1,500-2,000 feet depth, and induced several small earthquakes. In all, about 500 
wells were damaged. Some of the oil well casings were sheared off or so severely damaged that 
the wells had to be abandoned and redrilled. 

Mathematical calculations indicate that up to 66 feet of subsidence could occur if allowed to 
continue unchecked. To prevent and control further subsidence, injection must be maintained 
even after cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department 
(LRGBD) surveys elevation changes twice a year, and monitors oil field fluid injection designed 
to correct elevation changes. The LBGOD estimates survey accuracy of about 0.24 inches; areas 
are considered to be stable if elevation changes are less than that (LBGOD, 2009). Bench marks 



rise and fall in a solnewhat random manner that is not completely understood but injections do 
seem to col-rect elevation changes. The col-relation between injection and elevation rebound 
appears to be good, but it may take a few months to a year or so to be fully realized. 

There are 3 "index" bench marks near the Hein1 Bridge; one at the north abutment and two more 
a little fasther to the nol-th. Several other bench marks are scattered around the bridge area. Based 
on measurements of these benchmarks, it appears that subsidence of the Heim Bridge area has 
resumed since 1995 and total subsidence of about 2 feet has been observed in the Heim Bridge 
area since 1995. During the recent years, the annual subsidence rate seems to have decreased; 
Measuren~ents were approximately 0.6 in. during the period between May 2007 and April 2008 
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009). 

3.5.3 Flooding 

The flood inundation map in the Los Angeles County safety element of the General Plan (1990) 
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in 
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of 
when it is full, is quite small and it is difficult to imagine that a significant flood surge could be 
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and 
Los Angeles Basin; therefore, the potential for flooding of the site is considered low. 

3.5.4 Tsunami and Seiche 

Tsunamis are sea waves generated by submarine earthquakes, landslides, and volcanic eruptions. 
Seiches are waves internal to an enclosed or highly restricted body of water that wash back and 
forth across the basin. Smaller tsunamis may be common but their run-ups are no more than 
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunamis 
are caused by submarine earthquakes with a magnitude of about 7 or larger. 

Most tsunarr~is to affect the Los Angeles-Long Beach harbor areas have been generated by 
distant earthquakes although California has had few locally generated, historic tsunamis, namely 
the 1812 Santa Barbara earthquake and the 1927 Point Argue110 earthquake. According to 
Houston (1979), the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being 
the worst) indicating a potential for water sun-ups of 5 to 15 feet. 

California has been struck by several other significant tsunamis generated in the northern Pacific 
(for example, the 1946 Aleutian earthquake of Mw = 7.8 and 1964 Alaska event of M w  = 9.2); 
and in the southern Pacific (1922 Chile earthquake of Mw = 8.4 and the 1960 Chile event of Mw 
= 9.5). The 1964 Alaslta earthquake caused severe damage and 15 fatalities i n  northern 
California. In southern California, the most serious recorded tsunami was generated b y  the 1960 
Chile earthquake. The greatest damage occurred in the Long Beach-Los Angeles Harbor where 
5-foot-high seiche waves surged back and forth in the channels. Currents of 12 knots were 
reported as the water rose and fell rapidly. A 6-foot drop in water level occurred in 1 minute at 
Long Beach and 3 foot drop in 5 minutes along the Cerritos Channel. The currents tore some 300 
small boats and yachts from the slips and as many as 30 were sunk. Damage was estimated at 
between $500,000 to over $1,000,000. 



A comprehensive tsuna~ni analysis for the ports of Long Beacli aid Los Angeles by Moffat & 
Nichol (2007) basically confilmed the ts~uimni hazasd from distant events. Tlie analysis included 
tsuna~ilis generated by local sources such an earthquakes in the nearby offshore So~~tliem 
California Continental Borderland, and by landslides off the Palos Verdes shelf. No ts~u~mnis 
have bee11 documented from sucll local events during historical times. These events ase 
extremely rare with recurrence inte~vals up to about 10,000 years. The results of the analysis 
indicate that the maximum water level within the Cerritos channel near Heim bridge could be as 
high as about 11 feet. Current speeds sliould be less than about 3 ftlsec. 
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4.0 SUBSTJRFACE CONDITIONS 

4.1 Subsurface Conditions 

Soil stratigraplly is defined by the available soils infol~llation and the exploratory borings and 
CPT soundings (described in Section 2) performed under the supervision of EM1 personnel for 
tlle project. Within the depths explored (down to about elevation -164.8 ft), the subsurface 
profile consists of about 75 ft  of interlayered alluvial deposits overlying Gaspur Folnlation sand. 

At the subject bridge site, n a h ~ a l  grade lies at an elevation of about zero, with the approacll 
embanlunent for the existing New Dock Street On-Ranip consisting of import fill extending to a 
maximum elevation of about +15 ft. The near surface deposits consist of silty sand and sandy silt 
between natural grade and about elevation -25 ft. The near surface deposits are underlain by a 
thick strata of inter-layered soft to stiff silt, sandy silt, clay, and loose to medium dense silty sand 
down to about elevatior~ -75 ft. Below elevation -75 ft, lies tlie Gaspur For~nation wl.lic11 consists 
of dense to very dense sand and silty sand within the depths explored. 

It should be noted that the above soil description is general and is intended to describe the 
subs~u-face in very broad terns. The soil descriptions above should not be construed to mean that 
the subsurface profile is uniform and that soil is homogeneous within the project area. For details 
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of tlle report. 

4.2 Groundwater Conditions 

Groundwater was recorded at elevation -5.5 ft  in the auger boring performed in 1996 for tlle 
Geotechnical Investigation by LKR (LKR, 1998). During the EM1 investigation in 2009, 
groundwater was recorded in all four of the borings performed near the proposed structure 
between elevation -4.3 ft  and -10.7 feet. The elevation that groundwater was encountered at in 
each boring is listed in Table 1 and also on LOTB sheets at the end of the report. Due to the 
proximity of the site to the Cerritos Channel, wliere the water elevation is dictated by tidal 
fluctuations, higher groundwater elevations than those encountered during tlle field investigation 
are 1-ikely. 

Based on the observed high water groundwater elevation for the Cerritos Channel, the design 
groundwater was placed consesvatively at elevation +5 ft  or the ground surface in locations 
where finished gsade is proposed to be below elevation +5 ft. 



4.3 Idealized Soil Profile 

Based on information collected fioni borings R-09-0 10, R-09-0 12, R-09-013, R-09-015, and 
CP'T soundings CPT-09-064 and CPT-09-078 an idealized soil profile for foundatio~i analysis 
and design was developed along the proposed bridge alignment. The s~lbsurface profile beneath 
the proposed structure is shown in Figure 9. The soil profile and design strength parameters are 
presented below in Table 4. 

Table 4. Idealized Soil Profile and Parameters 

Approx. Elev. (ft) Predominant Soil Type 
Total Unit Friction 

Weight 
(lb/ft2) 

Angle 
(lb/ft3) (degree) 

+20.0 to Grade Silty Sand (assumed enlbankment fill) 120 200 3 2 
- -- 

Grade to -8.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 30 

-8.0 to -25.0 Silty Sand / Sand / Sand with Silt 120 0 3 2 

-25.0 to -47.0 Silty Sand Sandy Silt / Silty Clay 120 1,000 0 

-47.0 to -62.0 Clayey Silt / Sandy Silt / Clay with Sand 120 2,000 0 

Clayey Silt / Silt with Sand / Silt with 
-62.0 to -75.0 Clay 

-75.0 to -150.0 Sand / Sand with Silt / Silty Sand 125 0 3 8 





5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Seismic Study 

A preliminary seismic evaluation was perfonned by EM1 in 2006 and included in the Preliminary 
Foundation Report (EMI, 2006) based on the 2006 Seismic Design Criteria (SDC) (Caltrans, 
2006d). 

Using the 2006 SDC, the PBA was determined based on Caltrans Seismic Hazard Map 
(Mualchin, 1996a) and the attenuation relationship by Sadigh et al. (1997), as required by 
Caltrans (2006a). The controlling fault was fow~d to be the Palos Verdes fault which i s  a strike- 
slip fault capable of generating a Maximum Credible Earthquake (MCE) of nlagnit~lde 7.0 and a 
PBA of 0.60g at the bridge site. 

The standard ARS curve published in the 2006 SDC (Caltrans, 2006d) for this bridge site is 
shown on Figure B.8 for Soil Profile D (M = 7.25*0.25) and 0.6g. The standard ARS curve was 
modified to account for near-fault effects (a 20% increase of spectral accelerations for periods 
greater than 1 sec., no increase for periods less than 0.5 sec., and linear interpolation between 0.5 
and 1 sec) per SDC Section 6.1.2.1 

Figure 10 shows the recomended modified design ARS curve with coordinates as provided in 
the PFR (EMI, 2006). 

During bridge type selection, Caltrans commented based on the PFR that due to the length of the 
proposed structure, a site specific ARS curve should be developed following completion of the 
project geotecliu.ica1 investigation. It is our understanding that following approval of bridge type 
selection, prelinlinary design of the bridge proceeded using the preliminary ARS curve in 
anticipatioil that the site specific ARS curve would be completed in the early stages of final 
design. 

As pal? of the EM1 field investigation described in Section 2, down-hole shear wave velocity 
measurements were taken in six of the rotary wash borings for the entire project along the 
mainline bridge alignment. Using the results of shear wave velocity measurements, a site specific 
ground motion study was performed. 

Results of the geotechnical field investigation and site specific ground motion study, following 
the procedures outlined in the latest Caltrans SDC (Caltrans, 2009) indicate that the preliminary 
ARS curve shovm in Figuse 10 plots well above the site specific ARS curve. Conseq~lently, 
previously conducted analyses arid design based on the preliminary seismic evaluation ARS 
curve are considered conservative and suitable for final design. The peak ground acceleration for 
the site was revised to 0.5 g based on the latest Caltrans SDC. The details of the ground motion 
study and the site specjiic ARS curve are summarized in a memorandum prepared by  EM1 and 
are included in Appendix F. 

Ground Ruptuu No known active faults traverse the surface of the project area. The California 
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones though or in the 
proximity of the site. 'Therefore, the risk of gsound surface nlpture and related hazards is 
considered low. 



5.2 Liquefaction Potential and Seismically Induced Settlement 

The liquefaction potential of the saturated, granular materials below the water table was 
evaluated using the procedures outlined by Seed et al. (1983) and updated by NCEER (1 997) and 
Youd ei al. (2001). For liquefaction potential evaluation of clayey soils the proced~~re outlined in 
Boulanger and Idriss (2006) was used. The seismically-induced soil settlenlent was estimated 
using the procedures outlined by Tokimatsu and Seed (1987). As discussed in Section 4.2, the 
design groundwater was ass~~med to be at the lower of elevation +5 ft or the ground surface for 
the liquefaction potential evaluation. 

Layers, pockets and lenses of sattirated coarse-grained alluvial deposits above the dense Gaspur 
Formatioil (located below approximate elevation -75 ft) are expected to be susceptible to 
liquefaction. Seismicaliy indtlced-settlements of a few to several inclles are anticipated. The 
elevations of the potentially liquefiable material and the corresponding anticipated seismic 
settlements are shown in Table 5 .  Locations of potentially liquefiable material during the design 
earthquake xe also identified in the subsurface profile shown in Figure 9. 

Table 5. Liquefaction and Seismic Settlement Analysis Results 

BoringICPT Approximate Elevations of Layer Approximate Total Approximate 
Liquefiable Zones Seismically induced Seismically induced Sounding No. 

(ftll Settlement (inches) Settlement (inches) 
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5.3 Soil Corrosivity 

Samples representative of soils throughout the project area were tested to determine cossosivity 
including minimum resistivity, pH, soluble sulfate content, and soluble chloride content. Five 
soil samples were tested for corrosivity using the procedures described in California Test 
metl~ods 417, 422, 532, and 643. The pH was determined to range between 7.0 and 8.8, the 
minimum resistivity varied from 90 to 470 ohm-cin, soluble chloride contents were between 540 
and 17,602 parts per million (ppm) and soluble sulfate contents were between 292 and 1,322 
ppm. 

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the, pH is 5.5 
or less, or the chloride concentration is 500 parts per million (pprn) or greater, or the sulfate 
concentration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered 
to be corrosive. 

5.4 Scour 

This site is located within an area that is generally flat and there are no rivers, creeks o r  channels 
that cross beneath the structure; therefore, scour is not considered a design issue. 

5.5 Foundation Type 

Due to presence of the weak near-surface soils and the potential for seismically induced 
setilerr~ent throughout the site, spread footings are not considered feasible for support of the 
proposed structure. 

Site soils arc conducive to either a driven or drilled pile foundation. Due to the presence of deep 
liquefiable layers, large diameter Cast-ln-Drilled-Hole (CIDH) piles are better suited t o  resist the 
large lateral foundation demands than small diameter piles and large diameter piles are needed at 
bent locations to support the large axial pile demands. Based on the foundation loads provided by 
the designers, 10 fi diameter CIDH piles are recommended for supportat the proposed structure 
bents and 2.5 fi diameter CIDH piles are recommended at the abutment. At the bent locations, a 
pemianelit steel casing from finished grade to a depth between 3 1 f? to 38 fi is also proposed. 

5.5A Axial Pile Capacity 

Per Caltrals policy, LRFL) method is used for bent piles and WSD is used for abutment piles. 
The foundation design data sheet and factored foundation loads were estimated by the designers 
following the latest Caltrans Me,mo to Designers 3-1 (Caltrans, 2008), and are shown i n  Tables 6 
'and 7: respectively. 

,Axial CIIIH pile analyses were perfomled using the computer program SHAFT 6.0 (Ensoft 
2007). Axial driven steel shell capacities were calculated according to recommendations by 
Tomlinson (1987) and API (2000). The calculated factored axial geotechnical capacities and pile 
tip elevations for each 30-inch CIDH pile at the abutment and 10-ft CIDH pile at the interior 
bents are presented in Tables 8 and 9, respectjvely. For the extreme event limit case, negative 
skin friction due to seismic settlement was estimated using residual strengths for liq~lefiable soils 
based upon the method outlined ir- Seed and Harcler (1990). The depth to t11e bottorn of the 



liquefiable layer at each support was determined based upon the nearest boring information. The 
Pile Data Table is provided in Table 10. For bent piles, a resistance factor of 0.7 was applied per 
Caltrans LFSD guidelines. 

Table 6. Foundation Design Data Sheet 

Permissible 
Finished Pile Pile Cap Size (ft) Settlement No. of 

Design 
Location Method 

Pile Type Grade El. Cut-off Piles per 
(ft) 

under Service 
El. (ft) L Load (in) Support 

Abut 3 2.5 ft 
WSD CIDH 

+7 -1.8 20.0 42.33 1 12 
- . 

l o  ft 
Bent 4 LRFL) CIDH t 5  -1 0.0 NA NA 1 I 

- - - -- -. 
l o  ft  

Bent 5 LRFT) CIDH +4 -10.0 NA NA 1 1 
-- 

l o  ft  
Bent 6 LRFD CIDH +4 -5.0 NA NA 1 1 
- - -- 

l o  ft 
Bent 7 LFWD CIDH +2 -3 .O NA NA 1 1 

.. .... - -- - - -. .- 
10 ft 

Bent 8 LRFD CIDH +O -4.0 NA NA 1 I 

Table 7. Foundation Design Loads 

Service-I Limit State Strength Limit State Extreme Event Limit State 
(kips) (Controlling Group, Idps) (Controlling Group, Iups) 

Perm Total Load Compressiorl Tension Compression Tension Load 

Location 

Abut 3 2,330 200 2,110 NA NA Nk NA NA NA NA NA 

Bent 4 1,630 1,630 1,340 2,360 2,360 0 0 1,340 1,340 0 0 
-.---.----------.-------A..--.-----.---~-.------.---.----.. 

Bent 5 1,950 1,950 1,490 2,660 2,660 0 0 1,490 1,490 0 0 

Bent 6 2,070 2.,070 1,580 2,840 2,840 0 0 1,580 1,580 0 0 

Bent 7 2.830 1.830 1.400 2.590 2.590 0 0 1.400 1.400 0 0 

PJote~. 1. For bents with more than OYIC support, llze highest szlpporflpile deinund i s  listed in the table, as 
provicled by the designer. 

Tbe maximuni pile-head settlenient due to the nominal resistance is estimated to be less than I -  
inch at all supports. For axial loading, pile group effects can be neglected if the on-ccilter spacing 
is equal to or greater than 4 times the pile diameter A group reduction factor of 0.65 is applied 
for on-center spacing of 2.5 tjlncs the pile diameter. Rased on interpolation over this range, an 
average group reductioll factor of 0.93 was applied at the abutment. 



Table 8. Foundation Recommendations for Abutments 

- LRFD Service-I Limit - 
W C 

c a, 5 
o a State Lload ( 1 ~ ~ s )  per a i= .- 
u 
m G Ei Support i3 0 % 5 
u a, b c 8 M 

5 2 
S - P .- z Y m 8 

6 a 6 Total Permanent V) 

Notes. I .  Design tip eleva.tions are controlled bj,: (a) Con7pression, (b) Tension, (c) Settlement, (4 Lateral Load 
2. The specified tip elevntion shall ngt be raised. 

Table 9. Foundation Recommendations for Bents 

aJ U + Required Factored 
a, c 8 i - o, Nominal Resistance (kips) 2 %  e 5 .- f i  e .s - Strength Extreme 

E % E  E % -  ; r ise a . , B  Limit Event 
# w O p , Y . -  & a ~ , " '  c - c -. 
u m ..r P." - D j  $ 5  g , ,  P I ,  g; ~ l i  

rA 
C - i  U ~ g $ U ~ g ~  

"lit ' ( I f t  -10.1) 1,630 1 2,360 0 1,340 0 
-86 (a-IJ) 

-106 -35 420 
4 c~~r-l -73 (c) 

"" lof t  - iO.O 1,950 1 2,660 0 1,490 0 
-96 (a-11) 

-114 -35 230 
5 CIDH -82 (c) 

Rent l0PL -1 02 (a-11) 
-5.U 2,070 1 2,840 0 1,580 0 -113 -30 430 ~ 1 ~ ~ 1 3  -68 (c) 

-88 (a-11) 
-3.0 1,830 1 2,590 0 1,400 0 -111 -28 320 ? CIDH -65 (c) 

Bent lo' -4.0 2,150 1 2,980 0 1,700 0 
-93 (a-11) 

-118 -29 150 
8 CIDH -76 (c) 

-89 (d ) - 
~ ~ J c I ~ P s .  il)esisn tp  elcvatio~w ur.e controlled by: (a-1) ComA.i.e,r,siun ( S ~ e r ~ g t h  Limit), (a-I;T) Cot?rpressiovr 

(Exnen~e E ~ v n t  LiwiQ, (3) Tension, (c) Settlenzen; (dl Lateral Load. 
2. 79;~ spzciJied tip cle~tatiol~ shall qot be raked - -- 



Table 10. Pile Data Table 

Nominal Steel CIDH Steel Casing 
Nominal Resistance 'IDH Nominal Casing Design Specified 

Support Pile Resistance (kip) @riven Steel Specified Tip Tip Driving 
TY pe Shell) (kip) Tip Elevation Elevation Resistance 

Elevation 
(ft) (ft) 

Required 
Comp Tens Comp Tens (ft) (kips) 

-71 (a) 
2.5 ft 4oo 

Abut CIDH 
0 bTA NA NA -43 (c) -7 1 NA 

-47 (d ) 

Bent 4 

-1 14 (a) 
l o  ' 3,800 

Bent CIDH 
0 23 0 0 -3 5 -82 (c) -1 14 230 

-95 ( d )  

-113 (a) ' 4,060 
Bent 6 CIDH 

0 430 0 -3 0 -68 (c) -1 13 
-90 (d ) 

-I 11 (a) 
l o  ' 3,700 

Rent CiDH 
0 320 0 -2 8 -65 (c) -1 11 

-88 (d 1 

-118 (a) 
l o  ' 4,260 

Bent CIDH 0 150 0 -29 -76 (c) -1 18 
-89 (d ) 

Notes: 1. Design Tip Elevations are controlled by the following demands: (a) Conzpression, (b) Tension, (c) 
Settlenzent, and (4 Lateral Load. 

2. The specij5ed tip elevation shall not be raised. 

5.5.2 Lateral Pile Capacity 

Abutments. Pile-head shear capacity and maximum bending moment caused by lateral pile-head -- 
deflections for a fixed-head connection with the pile cap are provided in Tables 11 and 12 for the 
Service Limit State and the Extreme Event Limit State, respectively. The design tip elevations 
for lateral loading are giver, in Table 10. 

Latzral pile analyses were perfonned using the computer program LPILE (Ensoft 2007). The 
internally generated p-y curves for sandy soils were estimated using the API criteria (API, 2000). 
The internally generated p-y curves for stiff fine-grained soils were estimated using the method 
proposed by Reese (Reese et al., 1975), and the internally generated p-y curves for soft fine- 
grained soils were estimated using the method proposed by Matlock (Matlock, 1970). A group 
reduction factor of 0.8 was used in the analqsis based on the pile layout provided by the 
designers and the procedures outlinzd in the Ensoft GI-oup 7.0 software Technical Manual 



33 

(Ensoft 2006). Under seisillic conditions, liquefied soils were modeled using a p-mnultiplier to 
degrade tlie static strength (Aslzford et al., 2008). 

The solutions presented are entirely based on soil resistance and linear pile properties. Therefore, 
these values may be limited by the flexural strength (plastic moment) of the piles and other 
connection details. 

Table 11. Abutment 3,30-in CIDW Pile "Fixed" Head Solution: Sewice Limit State 

Pile Head Deflection (in) Pile Head Shear (k) Maximum Moment (k-in) 

Notes: I .  Grozp effects considered with a redztction factor of 0.8 on "p. " 

2. Static strength paraineters zlsed in all soil luyers. 

3. A cracked section modulzds of 80% ofEI was ztsed in the analysis. 

Table 12. Abutment 3,30-in CIDH Pile "Fixed" Head Solution: Extreme Event Limit 
State 

Pile Head Deflection (in) Pile Head Shear (k) Maximum Moment (k-in) 

0.25 4 1 2,789 

Notes: 1. Group efects considered with a reduction factor of 0.8 on ". " 

2. Liquefied strength parameters ztsed in liquefiable soil layers. 

3. A crucked section inodz~hs ofSO% ofEI was used in the analysis. 

Rents. The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by EM1 
('Eh41, 2006) based upon existing subsurface information available at the time that included a 
general description of the subsurface conditions beneath the proposed structure and eight 
idealized soil profiles along the proposed alignment. It is our understanding that following 
approval of bridge type selection, design soil springs (p-y curves) were generated by- Caltrans 
using the idealized soil profiles provided in the PFR (EMI, 2006). The preliminary p-y curves 
were intended to be used during the initial stages of design until a project specific geotechnical 
field investigation was conducted and the bridge foundation report was prepared. 

Rased on the current geotechnical investigation and updated soil profile, an additional project 
specific lateral pile analysis was perfomed. Results from that analysis indicate that the p-y 
cun7eu generated from the soil profiles presented in the PFR are suitable far use i n  the filial 
design. ?'he culrelit results either generat2 a inure conservative lateral pile response than the p-y 
curves developed by Caltrms based OIL the PFR, or a lateral pile response that is witlin a-n 



acceptable design tolerance. Details of the lateral pile malysjs and a comparison between the 
preliminary and updated p-y cuives are included in a aien~orandurn prepared by EMI. The 
memorandun is included in Appendix G. The preliminary p-y curves generated frorrl the soil 
profiles in the PFR which were determined to be suitable for use in final design for Bent 4 to 
Bent 8 are provided in Appendix H. 

5 6  Bridge Abutment Walls 

5.6.1 Earth Pressures 

,4n active earth pressure coefficient of 0.3 and a soil unit weight of 120 pcf are recommended for 
a level ab~ltinent backfill. If abutment walls are free to move laterally at the top, a static active 
lateral earth pressure of 36 psf per ft of depth is recormneilded for a level backfill. If lateral 
movement at the top of abutment walls is restrained, the lateral pressure distrib~~tion has a 
trapezoidal shape with a maximum lateral pressure of 28.8H psf between 0.2H froin the top and 
bottom of the wall, where H is the wall height in feet. A traffic surcharge equivalent to a vertical 
pressure produced by at least 2 ft of earth sllould be added to the above lateral earth pressure 
values. Other design requirements are specified in Section 3.20 of the Caltrans Bridge Design 
Specifications (Caltrans, 2004). 

5.6,2 Passive Resistance 

Under seismic loading, an ulrimate passive earth pressure of 5 ksf may be used for the approach 
backfill and abutment backwalls wit11 a height equal to or greater than 5.5 ft. For abutment 
bachalls  wilh heights less than 5.5 ft, the maximum passive pressure may be calculated 
proportionally ((:.g., for a 4 ft high bacicwall, the maximum passive pressure is [4/5.5]x5 ltsf = 

3.6 ltsf). The horizol~ial movement at which the maxilnuin passive pressure is expected to be 
fully mobilized can be determined following the procedure outlined in Section 7.8.1 of the 
Caltrans SDC (2006d). 

5.7 Approach Embankments 

The alignnleilt of the proposed New Dock Street Off-Ramp (Replace) will be shifted slightly to 
the west from the existing alignment with a slightly elevated roadway profile. Due to the 
alignment shift, up to 18 ft of fill will be placed in order to raise existing grade to proposed 
grade. The abutment end slope will be graded at an inclination of 1.5:l (Horizontal:Vertical) 
wid, frill slope paviilg and the side slopes of the embankment will be graded at an inclination of 
about 4 : 1 (I-Jorizonta1:Vertical). 

5.7.1 Static Settlement 

SIandard procedlxes were used to evaluate ground settlement of the ur~derlying foundation soils 
due to the proposed embankment fill placement. Generally, fills induce immediate and 
consolidrztion settleinent of underlying soils. Irnrnediate settlement occurs dusing grading and 
consolidation settlement occ~lrs over varying time periods. Consolidation settlement (magnitude 
and time period) is directly relaled Lo [lie depth s f  fill placed over compressible soil and the 
thiclaess of cuml>ressible soil layers. Immediate settleinent which is estimated to be llegligible in 
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this case occurs during grading or shortly thereafter while coilsolidatioil settlement, which in this 
case is considerable, occilrs over varying time periods. 

One cross-section was selected to evaluate the potential settlement beneath the proposed 
embanlunent approximately 25 ft behind the bridge abutment. Based on cross-sections provided 
by TJRS Cosporation, the existing embazkmeilt at "B" Line Sta. 102+60 will be approximately 
40 feet at the crest and the embankment height is approxin~ately 16 feet. Based on our 
calculations, the maximum settlement will occur beneath the center of the proposed embankment 
and is estimated to be about 4 inches. The settlement period is estimated to be about 13 weelts to 
reduce the remaining long-term settlement to less than %-inch. If a 5-fi embankment surcharge is 
applied, the settlement period is reduced to about 5 weeks. For a 7-ft embankment surcharge, the 
settlement periods is reduced to about 4 weelts. 

The surcharge heights refessed to in these recommendations are measured relative to the finished 
grade of the proposed embankments. Settlement periods with surcharge begin once the full 
surcharge height is completed. Waiting periods without surcharge begin once the project grade is 
constructed to the top of the finished subgrade. 

Settlement of the embankment fill should be verified by the Engineer prior to installation of 
abutment piles to prevent a reduction in axial pile capacity due to downdrag loads being applied 
to the piles. 

5.7.2 Bridge Abutment Slope Stability 

The "global" stability of the embankment side slopes was evaluated for both static and pseudo- 
static conditions using the computer program GSTABLE7 (Gregory, 2006). Strengths of 
liquefiable soils were estimated using the method outlined in Seed and Harder (1990). The 
material used for the fill is assumed to have a friction angle of 32 degrees and minimum 
cohesion of 200 psf. 

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to 
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability analysis for 
the seismic condition was performed using the pseudo-static approach with a seismic coefficient 
of 0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peak horizontal 
acceleration (0.5 g, based on the site specific ground motion study, see Appendix F) but not 
exceeding 0.2. 

According to the results of the analyses and Caltrans guidelines, the slopes meet the minimum 
req-uired factor-of-safety for deep-seated failure sf 1.5 for the static condition and 1.1 for the 
seismic condition per Caltrans Foundation Design Guidelines (2006e). 





6.0 CONSTRUCTION CONSIDERATIONS 

All work should be perfol-nled in accordance wit11 the Caltrans Standard Specifications (2006~) 
except as indicated in the Special Provisions prepared for the project il~lprovements. 

6.1 Earthwork 

6.1.1 General 

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard 
Specifications (2006~). Appropriate measures should be taken to prevent damage to  adjacent 
existing struct~ues and utilities. Design and construction of temporary slopes or shoriiig should 
be made the contractor's responsibility. It should be noted that it is the responsibility of the 
c,ontractor to oversee the safety of the workers in the field during construction. The contractor 
shall conform to all applicable occupational safety and health standards, rules, regulations, and 
orders established by the State of California. In addition, other State, County, or M~micipal 
regulations nlay supersede the recommendations presented in this section. If a trench shoring 
design and safety plan is required, the geotechnical consultant should review the plan to c o n f i i ~  
that recollmendations presented in t l is  report have been applied to the design. 

Heavy construction equipment should not be used immediately adjacent to shoring due to large 
lateral pressures induced by such equipment unless the shoring is designed to accommodate 
resullting presscres. Excavated soil or construction materials should not be stockpiled adjacent to 
shoring or open excavations. Stockpiled soil and construction materials should be set back a 
clislance at least equal to the height of the excavation. 

]In fill areas, coil~plete rel-i~oval of compressible surficial materials including vegetation, topsoil, 
loose ol soft dluvium, and otherwise unsuitable material is required prior to fill placement. A 
nlinjnmm overexcavation of 12 inches is recommended within all areas to receive conlpacted 
fill; the overexca~ation should extend horizontally a minimum distance of 2 ft frorn edges of new 
fills or stluctrrres. Actual depths and extent of the required removals should be determined in the 
field by qualified geotechnical personnel. Overexcavated areas should be cleaned of loose soils 
and debris and should be obseived to be firm and unyielding before receiving fill. The bottom of 
the overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned or 
dried to near optimum moisture, and compacted in place to a minimum 95 percent relative 
compaction. 

6.1.2 Cuts and Excavations 

Preliminary plans do not show any permanent cuts or excavations necessary to achieve finish 
,oracles. However, re1nporaii.y cuts may be required in areas where drainagt: improvements and 

4 7 Coorings a.re proposed, leinporarj excavations, iricluding ternporary shoring, necessary to 
construct the bridg; ab~~trncnt footings or cuiverts will need to be designed by the con iractor for 
local and global stability, once the means and methods of construction are determined. 



6.1.3 Groundwater Control 

Groundwater was encountered in all four of the borings perfonned for the proposed bridge 
foundation between Elevation -4.3 and -10.7 ft. The proposed footing bottom elevation at 
Abutment 3 is +1.0 ft. Due to the proximity of the site to the Cessitos Channel where ilze water 
elevation is dictated by tidal fluctuations, higher groundwater elevations than those encountered 
during the field investigation are likely; therefore, the contractor should be prepared t o  control 
groundwater during footing construction. Any groundwater encountered during footing 
const~uction should be controlled in accordance with Section 19-3.04 of the Caltrans Standard 
Specifications (2006~). Any seepage or groundwater removed from an excavation slzould be 
tested and disposed of in compliance with all applicable local, state and federal requirements. 
Free water should not be allowed to stand in any excavations. If excavations become flooded, at 
least the bottom 6 inches of soil should be removed and replaced or re-compacted to 95 percent 
relative compaction. Additional removals may be required at the discretion of the Engineer. 

6.2 CIDH Pile Construction 

Loose soils should be cleaned from the bottom of the borings. Pile borings should be inspected 
and approved by the geotechnical engineer prior to the installation of reinforcement. Extreme 
care in drilling, placement of steel, and the pouring of concrete is essential to avoid excessive 
disturbance of pile boring walls. Concrete placement by pumping or tremie tube to the bottom of 
the pile borings is recommended. Specifications should require that sufficient space be provided 
in Ihe pile reirrfc~rcing cage during fabrication to allow the insertion of a tremie tube for concrete 
placemeni. 

The pile reidorcing cage should be installed and the colzcrete pumped immediately after drilling 
is completed. No boring should be drilled immediately adjacent to another pile until the concrete 
in the otlzcr pile has atiained its initial set. 

Groundwater was encountered between elevation -4.3 and -10.7 feet in October 2009. Actual 
ground\vater elevation may be different during constructiolz due to seasonal rainfall, susface 
runoff and other man-made conditions. In addition, due to the proximity of the site to the 
Cessitos Channel where tlie water elevation is dictated by tidal fluctuations, higher groundwater 
elevations than tlzosz encountered during the field investigation are likely. Tlzerefore, contractors 
should be prepzed to use a "wet" method of construction. As a standard Caltrans practice for 
''wet" constmction, PVC tubings must be installed within the reinforcement cage of the CIDH 
pile for g m a - r a y  testing. 

Pockets and lenses of loose sandy material and very soft to soft fine-grained material were 
encountered in our soil borings and these materials are susceptible to caving. If caving occurs, a 
cen~porary casing may he required during construction. Casings should have outer diameter 
equal to or exceeding the pile diameter. Temporary casing should be pulled as the concrete is 
being poured while always maintaining ar. least a 5 ft head of concrete inside the casing. 
Co~ltractor can chciose to use a "wet" method of construcrion to control caving. 

In the everit thal any Soring becomes bc.11-:shdped and cnmot he advalit-:d due to severe cwing, 
all loose :naterial shc!~ld be rsrnoved Irorr: Ihc hotlorn of tile boring and the caved region filled 



with low strength sand-cement slurry; Drilling may col~tinue when the s l u  has reached its 
initial set. 

6.3 Backdrain and Backfill Requirements for Abutment Walls 

Materials behind the abutinent aid wing walls should be low-expansive soil with an Expansion 
Index (EI) less than 50 and Sand Equivalent (SE) of more than 20 as shown in Figure 11. The 
low-expansive material requirement should not s~~persede the structure backfill and pervious 
backfill requirements as described in Caltrans Standard Plans, Bridge Detail 3-1 (2006b), and 
Claltrans Standard Specifications (2006~) under Sections 19-3.06 and 1 9-3.065, respectively. 

Bacltfill should be compacted in accordance with Section 19-5 of the Caltrans Standard 
Specifications (2006~). Backfill should be placed in loose lifts not exceeding 8 inches in 
tlGckness, moisture-conditioned or dried to near optimum nloist~lre content, and compacted to at 
least 55 percent relative compaction. The relative compaction should be based on the maximum 
density determined by California Test Method 216. Jetting or flooding to compact backfill is not 
recommended. Heavy compaction equipment, such as vibratory rollers, dozers, o r  loaders, 
should not be used adjacent to the abutinent walls in order to avoid damaging the walls due to 
large lateral earth pressures. 

Backdrains should be installed behind abutment walls to relieve hydrostatic pressure. The 
backdrains should be constructed in accordance with Bridge Detail 3-1 per Caltrans Standard 
Pians (2006b). 

6.4 Review of C'onstruction Plans 

Kecomniend~~tions contajned herein are based on current design information. The geoteclmica: 
consultallt sliould review the final construction plans and specifications in order to confirm that 
the general iilixit of the reconmendations contained in this report have been incorporated into 
the filial co~lstruciion documents. Recommendations presented in this report may require 
modification or additional reconmendations may be necessary based on the final desigi. 

6.5 Geotecbnical Observation and Testing 

Qualified geotechica.1 personnel should perform inspections and testing during the following 
stages of construction: 

Grading operations, including excavations and placement of compacted fill. 
Shoring installation. 
Footing exoa\~ations, 
C D H  pile construction. 
CIDH pile integrity testing. 
Bacltdrain installation and backfilling of bridge ab~~tment walls. 
Removal or installation of support of buried utilities or structures. 
When any unusual subsurface ccrnditions are eiicountered. 
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Appendix A. Selected As-Built Plan Sheets for Schuyler Heim Bridge 
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Appendix B. Schuyler Heim Bridge Seismic Retrofit LOTB Sheets Prepared by LKR 
(1998) 







Appendix C. EarthSpectives SPT Hammer Energy Measurement Report 



EARTHSPECTIVES 
250 Goddard Phone: (949) 777-1 270 
Irvine, California 9261 8 Fax: (949) 777-1 283 

November 12, 2009 
EarthMechanic, Inc. 
17660 Newhope, Suite E 
Fountain Valley, California 92708 

Attention: Mr. Ranian Guneranian 

Dear Ranjan: 

SPT Hammer Energy Measurement 
Borings A-09-053, R-09-004, and R-09-009 
ACTA Schuyler Heim Bridge Replacement 
Long Beach, California 
ES Project No. 09095-141 

INTRODUCTION 

This letter report summarizes the results of EarthSpectives' (ES) SPT hammer energy measurements 

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It 

provides a description of the test program and results. 

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system 

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and 

6066 test standards. Results are summarized in Table I ,  while more details regarding energy records 

are provided in Appendix A. 

TESTING CONDITIONS 

Test Borings 
SPT hammer energy measurements were performed at three boring locations drilled by three different 

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R 

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ 

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal 

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig 

equipped with a Automatic trip hammer and HF2-518 drill rod, while C&L Drilling samplers were 

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown cusiom made 

drill rod. 

Instrumentation 
SPT energy measurements were performed by placing a 2 ft instrumented section of drill rod at the top 

of the drill string between the hammer and the existing sampling rods. The instruments consist of two 

Geotechnical Specialty Engineering 



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view 

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during 

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The 

raw data were stored directly on a portable field computer for subsequent analysis in the office. 

RESULTS 

Results from SPT hammer energy measurements are summarized in Tables I. It shows the Energy 

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred 

energy to rated energy of the hammer which is the product of the weight of the hammer times the 

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft). 

TABLE 1 -SUMMARY OF SPT HAMMER ENERGY MEASUREMTS 

AVERAGE SPT HAMMER EFFICIENCY 

1 I Automatic Trip hammer I Automatic Trip hsmmer ( Rope and cat-Head ( 

SAMPLING DEPTH 
(FT) 

(ENERGY TRANSFER RATIO) 
BORING R-09-009 
C&L Drilling, Inc. 

Mud Rotary 

BORING A-09-053 
2R Drilling, lnc. 

Hollow Stem 

BORING R-09-004 
So Cal drilling, Inc. 

Mud Rotary 



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of 

blow number in Appendix A. Table immediately following the plot also provides the minimum, 

maximum, and average values at each sampling depth in addition to raw data. 

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an 

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall 

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall 

average of 62 percent for boring hole R-09-009. 

LIMITATIONS 

Professional judgments represented in this report are based on evaluations of the  technical 

information gathered, our understanding of the proposed construction, and our general experience in 

the geotechnical field. We do not guarantee the performance of the project in any respect, only that 

our engineering work and judgments are rendered while striving to meet the standard of  care of our 

profession at this time. 

CLOSURE 

It has been a pleasure serving you on this project and we look forward to working with you again. 

Please call if you have any questions. 

Sincerely Submitted for EarthSpectives 

Hossein K. Rashidi, Ph.D., P.E. 
Principal Engineer 
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Pile: A-09-053 Proj : ACTA HEIM BRIDGE PROJECT Pgl 
Info: HOLLOW STEM SP: 0.492 k/fte3 
AR : 1.2 in-2 WS: 16808 ft/s 
LE: 56.0 ft EM: 30000 KSI 
_ _ _ _ - _ _ _ _ _ _ _ _ _ - _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

EMX: Max Transferred Energy BPM: Blows Per Minute 
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress 
E2 F : UNDEFINED CSI: Max F1 or F2 C-Stress 
EF2: Energy by FA2 Method TSX: Max Computed T-Stress 
EV2 : UNDEFINED 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end bl/ft ft K-ft 3 K-ft bl/min ksi ksi lcsi 

1 4  5.00 AV 0.28 82 0 1.50 204 54.7 20.06 20.13 6.81 



Pile: A-09-053 Proj : ACTA HEIM BRIDGE PROJECT Pg2 
Info: HOLLOW STEM 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

COMMENTS 
JC = 0.70 
Sample at 5 ft 
Sample at 10 ft 
Sample at 15 ft 
Sample at 20 ft 
Sample at 25 ft 
Sample at 30 ft 
Sample at 35 ft 
Sample at 40 ft 
Sample at 45 ft 
Sample at 50 ft 

DRIVEN (2009-Oct-13 : A-09-053.MDF) 



ACTA SCHUYLER HEIM BRIDGE REPLACEMENT, BORING HOLE R-09-004, SOCAL DRILLING 

EMX ( k i p s - f  t) 
Max T r a n s f e r r e d  E n e r g y  

N o t e s  1. Sample  a t  3 0  f t  
2 .  Sample  a t  56 f t  
3. S a m p l e  a t  8 0  f t  
4 .  Sample  a t  9 0  f t  
5 .  Sample  a t  1 0 5  f t  

BPM ( b l / r n i n )  
B l o w s  P e r  M i n u t e  

0 4 0  8 0  N o t e s  

N o t e s  6 .  S a m p l e  a t  1 1 5  f t  
7 .  S a m p l e  a t  1 2 5  f t  
8 .  S a m p l e  a t  1 3 5  f t  
9 .  S a m p l e  a t  1 4 5  f t  

10. S a m p l e  a t  155 f t  



Pile: R-09-004 Proj : ACTA HEIM BRIDGE PROJECT Pgl 
Info: MUD ROTARY SP: 0.492 k/ftn3 
AR : 1.4 in-2 WS: 16808 ft/s 
LE: 163.0 ft EM: 30000 KSI 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

EMX: Max Transferred Energy BPM: Blows Per Minute 
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress 
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress 
EF2: Energy by Fn2 Method TSX: Max Computed T-Stress 
EV2: UNDEFINED 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end bl/ft f t K-ft ?- K-ft bl/min ksi k s i  l c s i  
1 2 10.00 AV 0.20 5 9 0 2.79 164 0.0 26.20 32.04 11.83 



Pile: R-09-004 P r o j :  ACTA H E I M  BRIDGE P R O J E C T  P 9 2  
I n f o :  MUD ROTARY 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# d e p t h  TY EMX ETR E2F EF2 EV2 B P M  CSX CSI TSX 
end b l / f t  f t K - f t  % K - f  t b l / m i n  k s i  k s i  k s i  
575 5 135.00 AV 0.28 80 0 5.14 210 38.6 35.69 35.68 12.65 

M X  0.28 8 1 0 5.38 222 39.4 36.75 36.7514.02 
M N  0.26 7 5 0 4.96 154 0.0 34.28 34.28 11.15 

654 7 145 .OO AV 0.27 7 8 0 5.48 156 39.1 35.48 35.48 8.50 
M X .  0.28 80 0 5.57 190 39.9 36.26 36.2611.96 
M N  0.25 7 3 0 5.01 142 0.0 34.11 34.11 5.84 

COMMENTS 
J C  = 0.70 
Sample at 30 f t  
Sample at 56 f t  
Sample a t  80 f t  
Sample a t  90 f t 
Sample a t  105 ft 
Sample a t  115 f t  
Sample a t  125 f t  
Sample a t  135 f t  
Sample at 145 f t  
Sample at 155 f t  

DRIVEN (2009-Oct-22 : R-09-004.MDF) 
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P i l e  
I n f o  
A R :  

: R - 0 9 - 0 0 9  P r o j :  ACTA HEIM BRIDGE PROJECT P g l  
&: MUD ROTARY- rope and c a t h e a d  S P :  0 . 4 9 2  k / f t A 3  

1 . 4  i n - 2  WS: 1 6 8 0 8  f t / s  
LE: 1 6 5 . 0  f t  EM: 3 0 0 0 0  KSI  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max Measured C - S t r e s s  
E 2 F  : UNDEFINED C S I :  Max F 1  o r  F2 C - S t r e s s  
E F 2 :  E n e r g y  by F"2 Method TSX: Max C o m p u t e d  T - S t r e s s  
EV2 : UNDEFINED 
_ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# d e p t h  TY EMX ETR E2F EF2 EV2 BPM CSX C S I  TSX 
end b l / f t  f t  K - f t  3- K - f t  bl/min k s i  lcs i k s  i 

1 3 1 0 . 0 0 A V  0 . 2 0  5 5  0 2 . 1 0  0 2 4 . 0  2 8 . 2 7  2 8 . 2 7  0 . 0 0  



P i l e :  R-09-009 P r o j :  ACTA HEIM BRIDGE PROJECT Pg2 
Info: MUD ROTARY- rope and cathead 
_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# depth TY EMX ETR E 2 F  EF2 EV2 BPM CSX CSI TSX 

end b l / f t  f t K-ft % K-ft bl/min ksi k s i  ksi 
687 9 140.00 AV 0.24 68 0 3.01 236 34.8 23.31 23.31 2.79 

MX 0.30 8 0 0 3.69 303 38.8 28.09 28.09 5.59 
MN 0.18 51 0 0.00 13 0.0 3.80 3.80 0.47 

COMMENTS 
J C  = 0.70 
Sample at 20 ft 
Sample a t  60 ft 
Sample at 80 f t  
Sample a t  90 ft 
Sample at 100 ft 
Sample a t  110 ft 
Sample a t  120 ft 
Sample a t  130 f t 
Sample a t  140 ft 
Sample a t  155 ft 

DRIVEN (2009-0ct-28 : R-09-009.MDF) 
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INTRODUCTION 

Boring geophysical measurements were collected in six uncased borings for the Schuyler Heim 

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisition was 

perforlned between October 19 to November 6, 2009 by Victor Gonzalez and Charles Carter of 

GEO Vision. Data analysis was performed by Victor Gonzalez and reviewed by Robel-t Steller of 

GEOVision. Report preparation was performed by Victor Gonzalez and reviewed by John Diehl 

of GEOVision. The work was performed under subcontract with Earth Mechanics, Inc. (EMI) 

with G. J. Gunaranjan serving as the point of contact for EMI. 

This report describes the field measurements, data analysis, and results of this work. 
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SCOPE OF WORK 

This report presents the results of boring geophysical measurements collected between October 

19 and November 6, 2009 in six 4 7/8 -inch uncased borings, as detailed in Table 1. The purpose 

of the study was to supplement stratigraphic infomation obtained during EMI's soil sampling 

program and to acquire shear wave velocities and compressional wave velocities as a function of 

depth. 

I I I ELEVATION - FEET I COORDINATES - FEET ' I '  1 

-- 

(I' Coordinates and elevations provided by EM1 

Table I Boring locations and logging dates 

I DESIGNATION I LOGGED I 

The OYO Suspension Logging System was used to obtain in-situ horizontal shear and 

coinpressional wave velocity measurements at 1.6-foot intervals. The acquired data were 

analyzed and a profile of velocity versus depth was produced for both compressional and 

horizontally polarized shear waves. 

A detailed reference for the velocity measurement techniques used in this study is: 

Guidelines for Determining Design Basis Growid Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, 

Sections 7 and 8. 

NORTHING EASTING I 
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INSTRUMENTATION 

Suspension Instrumentation 

Suspensioll soil velocity measurements were performed in all borings using the PS suspension 

logging system, lnanufactured by OYO Corporation, and their subsidiary, Robertson 

Geologging. This system directly determines the average velocity of a 3.3-foot high segment of 

the soil column surrounding the boring of interest by measuring the elapsed time between 

arrivals of a wave propagating upward through the soil column. The receivers that detect the 

wave, and the source that generates the wave, are moved as a unit in the boring producing 

relatively constant amplitude signals at all depths. 

The suspension system probe consists of a combined reversible polarity solenoid horizol~tal 

shear-wave source (SH) and coinpressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers i s  3.3 feet, 

allowing average wave velocity in the region between the receivers to be determined by 

inversion of the wave travel time between the two receivers. The total length of the probe as used 

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottom 

end of the probe. 

The probe receives control signals from, and sends the receiver signals to, instrumentation on the 

surface via an armored 4 or 7 conductor cable. The cable is wound onto the drum of a winch and 

is used to s~~ppor t  the probe. Cable travel is measured to provide probe depth data, using a 3.28- 

foot circumference sheave fitted with a digital rotary encoder. 

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled 

directly to the boring walls; rather, the source motion creates a horizontally propagating 

in~pulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure 

wave is converted to P and SH-waves in the surrounding soil and rock as it impinges upon the 

wall of the boring. These waves propagate through the soil and rock surro~~nding the boring, in 

turn causing a pressure wave to be generated in the fluid surrounding the receivers as  the soil 



Earth Mechanics Inc. Project Number 06-123 

waves pass their location. Separation of the P and SH-waves at the receivers is performed using 

the following steps: 

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source, 

maximizing the amplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a characteristic SH- 

wave signat~lre distinct from the P-wave signal. 

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and 

damp significantly before the slower SH-wave signal arrives at the receiver. In saturated 

soils, the received P-wave signal is typically of much higher frequency than the received 

SH-wave signal, permitting additional separation of the two signals by low pass filtering. 

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significantly greater than the 

dimension of the fluid annulus surrounding the probe, preventing significant energy 

transmission through the fluid medium. 

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows: 

1. The source is fired in one direction producing dominantly horizontal shear with some 

vertical compression, and the signals from the horizontal receivers situated parallel to the 

axis of motion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded. The repeated 

source pattern facilitates the picking of the P and SH-wave arrivals; reversal of the source 

changes the polarity of the SH-wave pattern but not the P-wave pattern. 

The data from each receiver during each source activation is recorded as a different channel on 

the recording system. The Suspension PS system has six channels (two simultaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six channels with 

a common time scale. Data are stored on disk for further processing. Up to 8 sampling sequences 

can be summed to inlprove the signal to noise ratio of the signals. 
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Review of the displayed data on the recorder or computer screen allows the operator to set the 

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optinlize 

the quality of the data before recording. Verification of t11e calibration of tlie Suspension PS 

digital recorder is performed every twelve montl~s using a NIST traceable frequency source and 

counter, as outlined in Appendix B. 
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MEASUREMENT PROCEDURES 

Suspension Measurement Procedures 

Six 4 718-inch urncased borings filled with freshwater drilling mud were logged. Measurements 

followed the GEOVision Procedure for P-S Suspension Seismic Velocity Logging, revision 1.4. 

Prior to each logging run, the probe was positioned with the top of the probe at the top of the 

drilling nlud tub, ground surface, or other stationary reference point. Subsequently, the electronic 

depth couilter was set to 8.2 feet, the distance between the mid-point of the receiver and the top 

of the probe, minus the height of the stationary reference point, as verified with a tape measure, 

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the 

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as 

summarized in Table 2. 

At each lneasurement depth the lneasurement sequence of two opposite horizontal records and 

one vertical record was performed, and the gains were adjusted as required. The data from each 

depth were viewed on the computer display, checked, and recorded on disk before moving to the 

next depth. 

Upon colnpletion of the measurements, the probe zero depth indication at the stationary 

reference point was verified and recorded on the field logs prior to removal from the boring. 

Field data were backed up to USB flash drive each day upon completion of data acquisition. 

TOOL AND RUN 

Table 2. Logging dates and depth ranges 
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DATA ANALYSIS 

Suspension Analysis 

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms 

were analyzed to locate the most prominent first minima, first maxima, or first break on the 

vertical axis records, indicating the arrival of P-wave energy. The difference in travel time 

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate the P-wave velocity for 

that 3.3-foot segment of the soil column. When observable, P-wave arrivals on the horizontal 

axis records were used to verify the velocities determined fiom the vertical axis data. The time 

picks were then transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the 

velocity calculations based on the arrival time picks made in PSLOG. 

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-R1) was also picked 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived from the travel time between receivers. In this analysis, the depth values as recorded 

were increased by 4.53 feet to correspond to the mid-point of the 6.33-foot S-Rl interval. Travel 

times were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting 

0.35 milliseconds, the calculated and experimentally verified delay from source trigger pulse 

(beginning of record) to source impact. This delay corresponds to the duration of acceleration of 

the solenoid before impact. 

As wit11 the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to 

locate the presence of clear SH-wave pulses, as indicated by the presence of opposite polarity 

pulses on each pair of horizontal records. Ideally, the SH-wave signals from the 'normal' and 

'reverse' source pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass 

filtering can be used to remove the higher frequency P-wave signal fiom the SH-wave signal. 

Generally, the first maxima were picked for the 'nonnal' signals and the first minima for the 

'reverse' signals, although other points on the waveform were used if the first pulse was distorted. 

The absolute arrival time of the 'nonnal' and 'reverse' signals may vary by +I- 0.2 milliseconds, 

due to differences in the actuation time of the solenoid source caused by constant mechanical 

bias in the source or by boring inclination. This variation does not affect the R1-R2 velocity 
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determinations, as the differential time is measured between arrivals of waves created by the 

same source actuation. The final velocity value is the average of the values obtained from the 

'norinal' and 'reverse' source actuations. 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 6.33-foot 

interval from source to receiver 1 was calculated and plotted for verification of the velocity 

derived from the travel time between receivers. In this analysis, the depth values were increased 

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel times were 

obtained by picking the first break of the SH-wave signal at the near receiver and subtracting 

0.35 milliseconds, the calculated and experimentally verified delay from the beginning of the 

record at the source trigger pulse to source impact. 

These data and analysis were reviewed by Robert Steller as a component of GEOVisionYs in- 

house QA-QC program. 

Figure 2 shows an example of R l  - R2 measurements on a sample filtered suspension record. I11 

Figure 2, the time difference over the 3.3-foot interval of 1.88 milliseconds for the hoiizontal 

signals is equivalent to an SH-wave velocity of 1745 feetlsecond. Whenever possible, time 

differences were determined from several phase points on the SH-waveform records to verify the 

data obtained horn the first arrival of the SH-wave pulse. Figure 3 displays the sane  record 

before filtering of the SH-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, 

illustrating the presence of higher frequency P-wave energy at the beginning of the record, and 

distortion of the lower frequency SH-wave by residual P-wave signal. 
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RESULTS 

Suspension Results 

Suspension R1-R2 P- and SH-wave velocities are plotted in Figures 4, 5, 6, 7, 8, and 9. The 

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8, 

respectively. These plots and data are included in the EXCEL analysis files transmitted 

separately. 

P- and SH-wave velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data 

are plotted together in Figures A-1 througl~ A-6 to aid in visual comparison. It should be noted 

that R1-R2 data are an average velocity over a 3.3-foot segment of the soil column; S-R1 data 

are an average over 6.33 feet, creating a significant smoothing relative to the R1-R2 plots. S-Rl 

data are presented in Tables A-1 through A-6, and included in the EXCEL analysis files. 

Calibration procedures and records for the suspension PS measurement system are presented in 

Appendix B. 
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SUMMARY 

Discussion of Suspension Results 

Suspensioil PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotary mud (rota~y wash) methods, as were these borings. Thus data collected in these uncased 

borings was of veiy good quality. 

Suspensioil PS velocity data quality is judged based upon 5 criteria: 

1. Consistent data between receiver to receiver (R1 - R2) and source to receiver (S - R1) 

data. 

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated 

soils) 

3. Consistency between data from adjacent depth intervals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

5. Consistency of profile between adjacent borings, if available. 

These data show good correlation between R1 - R2 and S - R1. Additionally, there is a good 

cowelation between P-wave and SH-wave velocities, as both show similar velocity inflections. 

Data from adjacent depth intervals are generally similar. P-wave and SH-wave onsets are clear 

and later oscillations are well damped. 

Velocity profiles between borings in the study area are generally similar. All borings exhibit SH- 

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over 

1,000 fps at depth. All borings show an increase to water velocities in the P-wave profiles at 10 - 

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a similar 

decrease in P-wave velocity at approximately 45 - 55 feet bgs which typically indicates an 

organic-rich zone. 
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Quality Assurance 

These boring geophysical nleasurements were perfonned using industiy-standard or better 

methods for ineasuremeiits and analyses. All work was performed under GEOVision q~lality 

assurance procedures, which include: 

0 Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instrumentation 

0 Use of standard field data logs 

Use of independent verificatioil of velocity data by comparison of receiver-to-receiver and 

source-to-receiver velocities 

Independent review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 

Suspension Data Reliability 

P- and SH-wave velocity measurement using the Suspension Method gives average velocities 

over a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the 

graphs. In uncased borings, individual meas~~rements are very reliable, with estimated precisioil 

of +/- 5%. Standardized field procedures and quality assurance checks contribute to the 

reliability of the data. 
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Figure 1 : Concept illustration of P-S logging system 
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Figure 2: Example of filtered (1400 Hz lowpass) record 
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Far HN 
9.918 

Far HR 
10.148 

Far U 
5.555 

Near  HN 
8.038 

Near  HR 
8.268 

N e a r  U 
5.095 

Figure 3. Example of unfiltered record 
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SCHUYLER HEIM BRIDGE BOWING R481807 
Recelver to Recelver V, and V, Analysls 

8 I 000 2808 3080 4600 5000 Q088 7000 
VELOCITY (Ws) 

Figure 4: Boring R-09-007, Suspension R1-R2 P- and SH-wave velocities 
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 



Earth Mechanics Inc. Project Number 06-123 

SCHUYLER HElM BRIDGE BORING Rag414 
Receiver to Receiver V, and V, Analysis 

6 1600 2600 3080 4606 5000 8000 7000 
VELOCITY {Ws) 

Figure 5: Boring R-09-014, Suspension R1-R2 P- and SH-wave velocities 
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 

Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 
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SCHUYLER HElM BRIDGE BORING Rll.081024 
Recelver to Recelver V, and V, Analysls 

8 I 800 2880 3006 4808 5008 8680 7080 
VELOCITY (Ws) 

Figure 6: Boring R-09-021, Suspension R1-R2 P- and SH-wave velocities 
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and SI-l-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHUYLER HElM BRIDGE BORING R-09-022 
Receiver to Receiver V, and V, Analysis 

Figure 7: Boring R-09-022, Suspension R1-R2 P- and SH-wave velocities 
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpoint Between Midpoint Between 
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SCHUYLER HElM BRIDGE BORING R-09-025 
Receiver to Receiver V, and V, Analysis 

2000 4000 8000 
VELOCITY (Ws) 

Figure 8: Boring R-09-025, Suspension R1-R2 P- and &-wave velocities 
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLER HElM BRIDGE BORING R1091028 
Recelver to Recelver V, and V, Analysls 

0 1060 2860 3000 4000 5080 6008 7008 
VELOCITY (Ws) 

Figure 9: Boring R-09-028, Suspension Rl-R2 P- and &-wave velocities 
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 

Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 



Earth Mechanics Inc. Project Number 06-1 23 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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SCHUYLER HElM BRIDGE BORING lRLOBllOO7 
Source to Recelver and Wecelver to Wecelver Analysls 

0 

180 
0 1008 2000 3000 4008 5000 8000 7800 

VELOCITY [WS) 

--o-- Source-Near Receiver, Vs 

--s- Near-Far Receivers, Vp 

Figure A-I . Boring R-09-007, R1 - R2 high resolution analysis 
and S - R l  quality assurance analysis P- and SH-wave data 
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Table A-I.  Boring R-09-007, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Depth at Midpoint Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Between Source and Between Source and 
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SCHUYLEW HElM BRIDGE BORING RIO91814 
Source to Recelver w nd Recelver to Recelver Anal ysls 

+Source-Near Receiver, Vs 

+Near-Far Receivers, Vp 

0 1 000 2006 3000 4060 5000 8606 7000 
VELOCITY (av9) 

Figure A-2. Boring R-09-014, R l  - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-2. Boring R-09-014, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 

Between Source and Between Source and 
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SCTHUYLER HElM BRIDGE BORING R49421 
Source to Recslver and Reeelver to Rscalver Analysls 

-0- Source-Near Receiver, Vs 

-a- Near-Far Receivers, Vp 
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Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-3. Boring R-09-021, S - R l  quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and Between Source and 
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Depth at Midpoint 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHUVLER HElM BRIDGE BORING R.09.022 
Source to Wgcelver and Recelver to Wecslver Anerlysls 

+Near-Far Receivers, Vs 

-o- Source-Near Receiver, Vs 

+Near-Far Receivers, Vp 

2600 4000 $060 6000 

VELOCITY (ftfs) 

Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Betweensourceand Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Between Source and Between Source and 
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SCHUYLER HEIM BRIDGE BOWING R1881825 
Source to Recelver and Reeglver to Recelver Analysis 
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0 2006 4060 6006 8006 
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Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Between Source and Between Source and 
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SCHUYLEW HEIM BRIDGE BORING 849428 
Source to Recelver and Recelver to Recelver Analysls 
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44- Near-Far Receivers, Vp 
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Figure A-6. Boring R-09-028, R1 - R2 high resolution analysis 
and S - R l  quality assurance analysis P- and SH-wave data 
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Table A-6. Boring R-09-028, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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SON ES " Calibration Report 

IWetrology 
7300 Fenwick Lane 
Westminster, CA 92683 

Manufacturer: o y o  
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160023 
Serial Number: 1 @3023 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

GEOVision Geophysical Services 
1 124 Olympic Drive 

Corona, CA 9288 1-3390 

Project Number 06-123 

Page I of 4 

l llllll l l i l i l l l i l Ill 1111 
573794 

Lab code: 105014-0 

Ambient Temuerature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 
Calibration Due Date: 07/77/2010 

Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in  SCE Document MO13987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards Utilized 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISO/IEC 17025:2005, ANSllNCSL Z540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the uncertai@~fiQt~R~sdh,e,,e$p~:e_d,y;,~,ft~ainty of the measurement, where k=2. 

D=nn KG nf 77 h l n \ ~ n m h ~ r  1.1 7nn9 

- 
IJD. Ha, . 

S1-01252 

S1-01347 

51-03686 

, - - 5  . _ _I  _ ,  - < Calibration Performed Byi ' - - :- : - : . -,.- - - :: - _^ - :. I -=,* .; + 

Branson, Craig A Metrologist 71 4-895-071 4 
- 

Nnrnc Title Phone 

q:-- . - \>*.---::-;<- ---- ' - i n  - - = 1.- - - - _ 
Counter, Universal 

Generator, Function, Synthesizer 

Standard, Frequency, Controlled, Gps 

* , .- '*- -,--- - 
~ ~ Q ~ ~ & I ~ ~ : R ~ $ w ~ ~ ~  - ' G - 

Nnme 

- > - - 
~andfacgrerf: -- , Z .  '_ 

- 

Hewlett Packard 

Hewlett Packard 

Fluke 

-~al.:Date - 
01/29/2009 

05/04/2009 

01/24/2009 

~-.2~-cd;a-Ffi-o~ J--< $:"-; -- : -> -,-;-; .. . = . 
5335A OPT 010,203040 

3325A 

910 

Rue Qate 

07/29/2009 

1 1/04/2009 

01/24/2010 
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bJ1~11Cnls CPM: I'ersior~ 1.2.2 (Pro~c.(.rio~mlJ 
Src DUI: (9548AF3D-C74D-4C9FAEEF-IIEF560BC451) (c) 

DocDUJ; /~~BIDF47E-4CSF-4650-91CB-A05A72E361CI) (0) 

Test No. 573794 
Custom Specification Report 

ATTACHMENT 2 
Page 1 of 2 

Page 2 of 4 

CALIBRATION 
TOLERANCE 

49.50 to 50.50 HZ 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[ E m  0.000500] 

198.0 to 202.0 Hz 
[EMU 0.001000] 

495.0 to 505.0 Hz 
[EMU 0.0025001 -- 

990 to 1010 Hz 
[EMU 0.005000] 

1980 to  2020 Hz 
[EMU 0.010000] 

49.50 to  50.50 Hz 
[EMU 0.0002501 

99.0 to 101.0 Hz 
[EMU 0.000500] 

Out 

 TO^ 

Asset No. 160023 Oyo 3403 Unit, Suspension Telemetry, 

198.0 t o  202.0 Hz 
@MU 0.001000] 

495.0 t o  505.0 Hz 
WRlU 0.002500] 

990 t o  1010 Hz 
[EMU 0.005000] 

1980 to  2020 Hz 
[EMU 0.010000] 

-- 

49.50 t o  50.50 HZ 
VMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.0005001 

198.0 to  202.0 Hz 
[EMU 0.001000] 

495.0 t o  505,O Hz 
[EMU 0.002500] 

- 

ASLEFT 

Same  

Same  

Same  

-- 

AS FOUND 

50.00 

100.0 

200.0 

N O M I N U  
VALUE 

50.00 Hz 

100.0 Hz 

200.0 Hz 

STEP 
NUM 

I 

I 

I 

CH HR 
Frequency 
Sine Wave 

I 

I 

FUNCTION 
TESTED 

CH HN 
Frequency 
Slne Wave 

I 

I 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

-. - 

-- 

- 
Remarks: 

I S ame  

200.0 Hz 

500.0 Hz 

I 

1 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

I 

I 

CH V 
Frequency 
Sine Wave 

I 

S ame  

Same  
- 

Same  

Same  

Same  

Same  

200.0 

500.0 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

Same  

Same  

1000 

2000 

50.00 

100.0 

S a m e  

Same  

Same  

Same  
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SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

Counter mfg.: 
Serial no.: 
By: 

OYO Model no.: 
160023 Calibration date: 
Craig Branson Due date: 

Hewlett-Packard Model no.: 
2626A09881 Calibration date: 
SCE #S1-01252 Due date: 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: SCE #S1-01347 Due date: 1 1 1412009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 

I OKHz 
See sample period in table below 

Delay: 0 
Stack (1 std) 1 
System date = correct date and time 7/17/2009 / Q / q  

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*l 00)% As found -0. ( 1  % As left -0. 1 \ .[ 

Calibrated by: Craig Branson 711 712009 
Name Date / Signature 

Average 
Frequency 

V (Hz) 
50, os 

/ Q ~ , o  
&O-Q.O 

/ 8 . 0 0 ~ ~ ~ . 0 ~  
998.cj 
2600 

Witnessed by: Robert Steller 711 712009 
Name Date 

oq &-- 
Signature 

Suspension PS Seismic RecorderILogger Calibration Data Form Rev 2.0 July 21, 2008 

Time for 
9 cycles 

Hr (msec) 
/go.,,oo 
q0.00 
45.00 
/ t i . -  
9.000 
Lf.500 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Average 
Frequency 

Hr (Hz) 
jTo.00 

/ o ~ , O  

zoo. o 
500.0 
1000 

La60 

Average 
Frequency 

Hn (Hz) 
50.00 
/ O o . O  

Lo6.o 
500.0 
/do0 

2 b a b  

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

File 
Name 

401 
402 
403 
404 
405 
406 

Time for 
9 cycles 

V (msec) 
Ibs .00  

?0.00 

y 5 . a ~  

9 . 0 / 0  
Y.500 

Sample 
Period 

(micros) 
200 
100 
50 
20 
10 
5 

Time for 
9 cycles 

Hn (msec) 
1530,oO 

90.m 
45.00 
/ 8.00 
q.0~0 
4,500 
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Page 1 of 4 

Metrology 
7300 Fe~~wjclc Lane 
M'esb~~inster, CA 92683 

GEOVision Geophysical Services 
1 124 Olympic Drive 

Corona, CA 92881-3390 

'Tol.l Fsee: 866-723-2257 
Lab Code: 10501 4-0 

Manufacturer: Oyo Ambient Tem~erature: 23" 
Model Number: 3403 Ambient Humidity: 56% RH 
Description: Unit, Suspension Telemetry Condition As Found: In  Tolerance 
Asset Number: 160024 Condition As Left: In Tolerance - No Adjustment 

Serial Number: 160024 Calibration Date: 0711 712009 

Cal. Procedure: Customer Calibration Due Date: 07/17/2010 

PO Number: 9200-09071 6-01 Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by  Metrology Engineering and documented 
in SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards Utilized 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of  accreditation for lab 
code 105014-0, and in compliance with ISOlIEC 17025:2005, ANSIINCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the u n c e r t a ~ & & ~ ~ & i ~ g p " ; ~ ~ ~ ~ ~ ~ ~ ~ u ; y ~ a i n t y  of the measurement, where k=2. 

Page 69 of 72 November 11, 2009 

. r,.c i - . 
Calibrafi~nPerformed By: - - -- - - -  . -= -  - $ - -  --% - 

. -  - 
" . ". . - . -  

Branson, Craig A &%3 Metrologist 714-895-0714 
Nnlnc Tltlc Pllone 

-&~;QS@ 
01 /29/2009 

05/04/2009 

01/24/2009 

j$&b3j@jn 6%:: i: L5<qk$5-57< ' y y i -  .: .A"' ;-*-:I ; -., - j -,. --kt -.. - -- --- w 

Counter, Universal 

Generator, Function, Synthes~zer 

Standard, Frequency, Controlled, Gps 

: d- .** - -*--7 

@j$it$ @v?~%ekj -*-" ---: - - - : - , 
I- - ,-x---c *- _ _ - _, i- I 

-Q.,~-D&? 
0712912009 

11 /0412009 

01 /2412010 

- *- -- - ~ g ~ 9 ~ $ o ; ~ : ~ ~ ; ~ ~ ~ ~ 2 L : k  ---=-. ,--, _. :C 
5335A OPT 010,203040 

3325A 

91 0 

t.jj4:~fi; - - 
51-01252 

S1-01347 

S1-03686 

. .-- , iz ;WanQf9ctu,r$q*.--':- j? '-%-- - 

Hewlett Packard 

Hewlett Packard 

Fluke 
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Test No. 573795 
Asset No. 160024 

Custom Specification Report 
Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

M~rrlCnu CPM: I'ersio~~ 2.2.2 (Profcrsiorrol) 
Src Dm: (9548AF3D-C7JD-4C9F-AEEF-ZIEF56OBCJSI) (c) 

Doc DUI: {1369COB2-3A13-416A-81BI;-409D9887DDDA) (0) 

ATTACHMENT 2 
Page 1 of 2 

CALTBRATION 
TOLERANCE 

49.50 to 50.50 Hz 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

-- 

198.0 to 202.0 Hz 
[EMU 0.001000] 

495.0 to 505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000] 

1980 to 2020 Hz 
[EMU 0.010000] 

49.50 to 50.50 Hz 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

- 

198.0 to 202.0 Hz 
[EMU 0.001000] 

.- 

495.0 to 505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000] 

1980 to 2020 Hz 
[EMU 0.010000] 

49.50 to 50.50 Hz 
wR/Iu 0.000250] 

[EMU 0.000500] 
99.0 to 101.0 Hz 

-- - 

[EMN 0.001000] 
198.0 to 202.0 Hz 

[EMU 0.002500j 
495.0 to 505.0 Hz 

GEOVisinn Renort 9375-01 rev a Paoe 70 of 72 

Out 
of 

TOI 
ASLEFT 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

AS FOUND 

50.00 

100.0 

200.2 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

I001 

2000 

50.00 

100.0 
-- 

200.0 

500.0 

STEP 
NUM 

-- 

-- 

Remarlcs: 

FUNCTION 
TESTED 

CH HN 
Flequency 
Sine Wave 

I 

I 

I 

I 

I 

CH HR 
FI equency 
Sine Wave 

I 

I 

I 

I 

I 

CH V 
FI equency 
Sine Wave 

I 

1 
--- 

I 

NOMINAL 
VALUE 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 HZ 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 



Earth Mechanics Inc. 

Test No. 573795 
Asset No. 160024 

Custom Specification Report 
Oyo 3403 Unit, Suspension Telemetry, 

Project Number 06-1 23 

Page 3 of 4 

M,rdCnrs CPM: I'ersion 2.2.2 (Projerriosol) 
Src DUI: (9848AF3D-C74D-4C9F-,lEEF-2IEF56OBC48I) (c) 

Doc DUI: (1269COD2-3A 13-416A-8lDF-409D9887DDDA/ (0) 

ATTACHMENT 2 
Page 2 of 2 

Customer 

CFn\ l ic inn R ~ n n r t  a17Kn.1 mmr 3 D-,, 71 -C 71 



Earth Mechanics Inc. 

SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

Counter mfg.: 
Serial no.: 
By: 

OYO Model no.: 3403 
160024 Calibration date: 711 712009 
Craig Branson Due date: 711 71201 0 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: 1 12912009 
SCE #Sl-01252 Due date: 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: SCE #S1-01347 Due date: 1 I 1412009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 

8 
I OKHz 
See sample period in table below 

Delay: 0 
Stack ( I  std) I 
System date = correct date and time 711 712009 /037 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*100)% As found 

Calibrated by: 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Craig Branson 711 712009 
Name Date V~ignature 

Witnessed bv: Robert Steller 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Name Date Signature 
Suspension PS Seismic RecorderILogger Calibration Data Form Rev 2.0 July 21, 2008 

GEOVision Renort 9375-01 rev a 

Sample 
Period 

(micros) 
200 
100 
50 
20 
10 
5 

Paae 72 of 72 November 1 1. 2009 

File 
Name 

501 
5 02 
503 
504 
505 
506 

Time for 
9 cycles 

Hn (msec) 
(qO .oQ 

90.00 
YY.el5 
f 8.00 
~ . o o O  

Y . 5 0 0  

Time for 
9 cycles 

Hr (msec) 
/ZlQ.- 
q@,oo  
q5.00 
(3.00 

g.940 
Y.500 

Average 
Frequency 

Hn (Hz) 
50.00 
/Oo,O 

20o.c 
500.0 

/OoO 

Eboo 

Average 
Frequency 

V (Hz) 
F o . a o  
/ O R 0  

Z e 0 . 0  
p o .  o 
/ G O O  

ZDWO 

Average 
Frequency 

Hr (Hz) 
50.00 
/ O o . O  
LO0.O 
Go0.0 

2000 

Time for 
9 cycles 

V (msec) 
/ a& .oa  

9 0 , o m  
45.00 
1 8.0 0 

9.00Q 
4-500 



Appendix E. Laboratory Soil Test Results 



SUMMARY OF LABOMTORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc 

DATE: I 1/23/2009 SUMMARIZED BY: JT 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1 1/30/2009 Summarized By: RJ 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1211 I2009 SUMMARIZED BY: JT 



I 

COARSE I FINE ICOARSI MEDIUM I FINE 1 
11 S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" I-% %" 3/81' #4 #I0  #20 $40 #I00 $200 

100 I 0  1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

SILT OR CLAY GRAVEL SAND 

SYMBOL 

. . . . . . . . . .-. . ... . 
.c.:.'&<ijjji; ENVIRONMENTAL ,.....,.....> , ,... #. :;&- GEOTECHNOLOGY 
..*.I. . or 
-.-I"* ,, LABORATORY 

BORING 
No. 

R-09-010 

Project Name: 
ACTA Heim Bridge R e p l a c e m e n t  

Client: Earih Mechanic, Inc. 

Job NO: 06-123-03 

EGL Project No: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FIGURE 

SAMPLE 
No. 

U-06 

DEPTH 
(FT) 

30 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

ML 

LIQUID 
LIMIT 

29 

PLASTICITY 
INDEX 

6 



GRAVEL SAND SILT OR CLAY I 
I 

COARSE I FINE (COARSI MEDIUM 1 FINE I 
II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

BORING SAMPLE DEPTH SAMPLE 
SYMBOL No. No. (FT) TYPE 

I R-09-010 I D-10 1 50 1 RING 

I 1 Project Name: 

I EGL Project No: 09-230-008 

GMINSIZE 

... . . . . . .  .-.... . . ENVl RON MENTAL ..... 7.- .::.'.:.. .......... , ...... 
GEOTECHNOLOGY 

T::$.A*,:r ,, LABORATORY 

DISTRIBUTION CURVE 
1 1/29/09 (ASTM D422) FIGURE 

ACTA Heim Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job NO: 06-1 23-03 



II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER 

3" I-% 55'' 3/z3" #4 #I0  #20 #40 #I 00 #200 

GRAVEL 

1 0.1 

GRAIN SIZE (rnrn) 

HYDROMETER 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

0.01 0.00 1 

COARSE FINE ICOARS l MEDIUM I FINE 

SAND SILT OR CLAY 

/project Name: 

EGL Project No: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FIGURE 

SOIL 
TYPE 

C L 

SYMBOL 

. . . . . . . . . .-..... . . . I .3$ . . . . . :. . 
,;.:.):$-:.;I:::. ENVl RON M ENTAL ,...-. ,. -... , .,..,. Fqxd GEOTECHNOLOGY 

y..**. r .r 
*em).". ,, LABORATORY 

DEPTH 
(FT) 

65.7 

ACTA Heirn Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job NO: 06-123-03 

LIQUID 
LIMIT 

3 5 

SAMPLE 
TYPE 

BAG 

BORING 
No. 

R-09-010 

PLASTICITY 
INDEX 

1 5  

SAMPLE 
No. 

S-13-2 



L1.S STANDARD SIEVE (IPENINC; U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" l-l/c" 3/4n 3 #4 # I 0  #20 #40 #60 #I 00 #200 

z 
!L 

t- 
z 40 
u 
0 
cL 
u 
a 30 

20 

10 

0 

100 10 1 0.1 0.01 

GRAIN SIZE (mrn) 

. - . . . . . . , '  ENVl RON M ENTAL .... .... m .....,. . . . . . .. ......- 
I.:;&; - - GEOTECHNOLOGY 
Yz:.&"y ....- LABORATORY 

PLASTIC 
INDEX 

NIA 

Project Name: 
ACTA Heirn Bridge Replacement 

Client Job No.: 06-1 23-03 
Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008 

GRAIN SIZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FIGURE 

SOIL 
TYPE 

SP-SM 

SAMPLE 
TYPE 

Bag 

LIQUID 
LIMIT 

NIA 

DEPTH 
(FT) 

120 

SAMPLE NO 

S-21 

SYMBOL 

17 

BORING NO 

R-09-010 



I1 S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

10 1 0.1 

GRAIN SlZE (mm) 

IEGL Project No: 09-230-008 

GRAIN SlZE 

. - . . . . . ,,.....;*x,.. . . ... ENVIRONMENTAL .... ....., ,...& ..... - 
c::..... .,. ::::t. GEOTECHNOLOGY 
ty.:.&-"r - LABORATORY 

DISTRIBUTION CURVE 
NOV-09 (ASTM D422) FIGURE 

SOIL 
TYPE 

SP-SM 

Project Name: 
ACTA Heim Bridge Replacement 

Client Job No.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 

DEPTH 

(FT) 

150 

SAMPLE NO 

S-24 

SYMBOL 
LIQUID 
LIMIT 

N/A 

SAMPLE 
TYPE 

Bag 

BORING NO 

R-09-010 

PLASTIC 
INDEX 

NIA 



AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

Earth Mechanics, Inc. 









10 100 

LOG OF TIME (MINUTE) 

10 20 3 0 

SQUARE ROOT OF TIME (MINUNTE) 

Boring No: R-09-010 

Sample No: U-06 

Depth (ft): 30 

Soil Type: ML 

Normal Stress: 1.0 ksf 

Project Name: ACTA Heirn Bridge 

Replacement 

1 TIME DEFORMATION CURVE 

..... .... ........ 1: ENVIRONMENTAL 

GEOTECHNOLOGY 

LABOW\TORY 

11 2/09 (ASTM D2435) Figurc 

GIie"' Earth Mechanics, Inc 

Project No: 06-123-03 

EGL Project NO: 09-230-008 



6.0 , 
6.2 

Z 6.4 
0 2 6.6 
2 
Cr: 6.8 
Z1 
w 7.0 
n 
5 7.2 
w 
0 7.4 
Cr: 
W a 7.6 

7.8 

8.0 
0 1 10 100 1000 10000 

LOG OF TlME (MINUTE) 

6.0 

6.2 

6.4 
z 
o 6.6 
F 2 6.8 
E 
0 7.0 
U- 
w a 7.2 
k- 
z 7.4 
W 
0 rx 7.6 
LU 

a 7.8 

8.0 

0 I 0  20 30 40 

SQUARE ROOT OF TlME (MINUNTE) 

Project Name: ACTA Heim Bridge 

Replacement 

Earth Mechanics, Inc 

Project No: 06-1 23-03 

EGL Project No: 09-230-008 

Boring No: R-09-01 0 

Sample No: U-06 

TIME DEFORMATION CURVE 

12/09 (ASTM D2435) Figure 

Depth (ft): 30 

Soil Type: ML 

Normal Stress: 4.0 ksf 

........ .......:..... ENVIRONMENTAL '"% ;::; .... . . . . . . . .  ...... ..... ...... - y--.-.- ........ GEOTECHNOLOGY 

'- L a e o w T o n v  



COMPRESSIVE STRESS (KSF) 

Boring Sample Depth Soil Init. Moisture Init. Dry [nit. Void 
(Ft.) Type Content (%) Density (PCF) Ratio 

0 R-09-010 D-08-2 40.5 

ACTA Heim Bridge Replacement 
Earth Mechanics, Inc. 

LABORATORY 





4.4 
4.6 ( 

4.8 
5.0 

i3 5.2 
Q 
25 5.4 
Crl 
0 5.6 
LL u 5.8 

6.0 
6.2 

2 6.4 
6.6 

6.8 
7.0 
7.2 

0 1 10 100 1000 10000 

LOG OF TlME (MINUTE) 

10 20 3 0 

SQUARE ROOT OF TlME (MINUNTE) 

Boring No: R-09-01 0 

Sample No: D-08-2 

Depth (fi): 40.5 

Soil Type: CL 

Normal Stress: 4.0 ksf 

l~roject  Name: ACTA Heirn Bridge 

I Replacement 

........ ENVIRONMENTAL Earth Mechanics, I ~ c  .............. 
.... 

Project No: 06-123-03 

EGL Project No: 09-230-008 

1 TIME DEFORMATION CURVE 

11 2/09 (ASTM D2435) Figur 



1 10 100 

COMPRESSIVE STRESS (KSF) 

ACTA Heirn Bridge Replacement 
Earth Mechanics, Inc. 

06-1 23-03 

Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void 
Symbol 

No. No. (Ft.) Type Content (%) Density (PCF) Ratio 

0 R-09-010 D-I  0 50.0 CH 44.1 76.1 1.21 5 



LOG OF TlME (MINUTE) 

Boring No: R-09-01 0 

Sample No: D-10 

Depth (ft): 50 

Soil Type: CH 

Normal Stress: 1.0 ksf 

10 20 3 0 

SQUARE ROOT OF TlME (MINUNTE) 

Project Name: ACTA Heim Bridge 

Replacement 

Earth Mechanics, Inc 

09-230-008 

TIME DEFORMATION CURVE 

1 2/09 (ASTM D2435) Figure 



I LOG OF TIME (MINUTE) 

10 20 30 

SQUARE ROOT OF TlME (MINUNTE) 

Boring No: R-09-010 

Sample No: D-10 

Depth (ft): 50 

Soil Type: CH 

Normal Stress: 4.0 ksf 

Project Name: ACTA Heim Bridge 

I Replacement 

I TIME DEFORMATION CURVE 

......... : ENVIRONMENTAL ....... .... "'.+ ;eL ... .... c:<& ,..-.. ..... GEOTECHNOLOGY 
( ....... -d 

LABORATORY 

I 2/09 (ASTM D2435) Figure 

Client: Eai-lh Mechanics, Inc 

Project No: 06-123-03 

EGL Project No: 09-230-008 



Sample 
Depth (ft) 

Sample Cohesion Friction 
Boring No.: Soil Type Symbol 

No. Type (PSF) Angle 
0 

R-09-010 D-04 20 Ring SM 
0 35 

n 0 32 



Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) ( P C ~  

R-09-04 2 D-02 10 14.1 97.7 

R-09-012 S-03 15 23.7 NA 

R-09-012 S-05 25 44.5 NA 

R-09-012 U-06 30 36.6 85.0 

R-09-012 D-08 40 29.2 94.6 

R-09-012 S-09 45 28.4 N A 

R-09-012 D-I 0 5 0 38.3 86.2 

R-09-012 S-I I 55 32.0 NA 

R-09-012 D-I 2 60 31.6 89.8 

R-09-012 5-1 3 65 48.0 N A --- 
R-09-0 I 2 D-I4 70 35.0 87.9 

R-09-012 S-15 75 39. I N A 

R-09-04 2 S-I 7 90 39.3 N A 

R-09-0 12 S-19 I I 0  17.3 NA 

R-09-0 I 2 S-22 140 18.8 NA 

MOISTURE AND DENSITY TEST RESULTS 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Laboratory No.: 

Date: 

Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-012 D-10 5 0 1.13 

R-09-0 12 U-1 OA 51.5 1.38 

R-09-012 D-14 70 1.75 

R-09-012 U-16 8 0 3.04 

-- 

POCKET PENETROMETER DATA 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) (%) 

R-09-012 0-04 20 40.74 
R-09-012 U-06 3 0 4.1 8 
R-09-012 S-09 45 36.91 
R-09-012 D-12 60 35.36 

PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



AP Engineering & Testing, tnc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 1 I1 9/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 
Checked by: AP Date: 12/01/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 
I 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

' Gravel Sand Fines LL:PL:PI ASTM 
(feet) D 2487 

0 R-09-012 U-I OA 51.5 0.25 38.93 60.82 NIP ML 

R-09-012 U-16 80 0.00 3.46 96.54 35:23:12 CL 



AP Engineering 8 Testing, Enc. 

GFiAlN SIZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 111 9/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 
Checked by: AP Date: 1 2/01 109 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 2"l W 1" %" WW #4 #8#10 # I 6  #30 #50 #I00 #ZOO 

PARTICLE SIZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI U.S.C.S 
(feet) 

O R-09-012 S-20 120 10.40 72.09 17.51 NIA SM 

R-09-012 S-23 155 2.59 85.23 12.18 NIA SM 



AP Engineering & Tesiing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 01/05/10 
Project No.: 06-1 23-03 Checked By: AP Date: 01/08/10 

LIQUID LIMIT (LL) 

PROCEDURE USED 
40 

Number of Blows 

Symbol Boring Sample Depth 
Number Number (feet) 

R-09-012 S-05 



AP Engineering & Tesiing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 01/06/10 
Project No.: 06-1 23-03 Checked By: AP Date: 01/08/10 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL PL PI U.S.C.S 

Number Number (feet) Symbol 

+ R-09-012 D-I  0 5 0 31 27 4 ML 



AP Engineering & Tesfing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: I 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/01 109 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

umber of Blows 

Boring Sample Depth 
Number Number (feet) 

R-09-012 U-1OA 

R-09-012 S-13 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/01/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

Number of Blows 

Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

+ R-09-012 D-14 70 38 27 11 ML 

A R-09-012 S-15 75 44 3 0 14 ML 



AP Engineering & Tesfing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: I 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/01/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

+ R-09-012 U-16 80 35 2 3 12 CL 



CORROSION TEST RESULTS 

AP Engineering & Testing, Inc. 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 417 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 



SPECIFIC GRAVITY 
ASTM D854 

APNumber: 29-1121 

Client: Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement Data Input By: KM 

Project No. : 06-123-03 

BORING NUMBER R-09-012 R-09-012 

SAMPLE NUMBER U- I  OA U-16 

DEPTH (FT) 51.5 80 

OIL CLASSIFICATION 

METHOD (A OR B) B B 
FLASK NUMBER 2 3 

VVT. FLASK+WATER+SOIL, g 381.43 361.17 

TEMPERATURE, "C 20.1 20.8 

CORRECTION FACTOR I .OOOO 0.9998 

WT. DRY SOIL, g 68.10 36.28 

WIT. FLASK + WATER, g 249.30 249.23 

% RETAINED #4 0.00 0.00 
% PASSING #4 100.00 100.00 

MATERIAL EXCLUDED None None 

SPEClFlC GRAVITY (Gs.20-c 



SPECIFIC GaAVlTY 
ASTM D854 

BORING NUMBER R-09-012 R-09-012 

SAMPLE NUMBER U- I  OA U-16 

DEPTH (FT) 51.5 80 

METHOD (A OR B) B B 
FLASK NUMBER 2 3 

WT. FLASK+WATER+SOIL, g 381.43 361.17 

TEMPERATURE, "C 20. I 20.8 

CORRECTION FACTOR 1 .ooOO 0.9998 
WT. DRY SOIL, g 68.10 36.28 

WT. FLASK + WATER, g 249.30 249.23 
% RETAINED #4 0.00 0.00 

% PASSING #4 100.00 100.00 

MATERIAL EXCLUDED None None 

S P E C ~ F ~ C  GRAVITY (Garonc) ~ I ~ U ~ ~ ~ I  

AP Number: 29-1 121 

Client: Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement Data Input By: KM 
Project No. : 06-123-03 



AP Engineering & Testing, inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 111 7/09 

Boring No.: R-09-012 Date: 12/01/09 

Sample No.: 0-04 Depth (ft): 20 

Description: Gray Silty Sand, fine grained sand wlshell 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Regular Shearing Shear Rate (inlmin): 0.005 

Residual Shearing 5 Passes Shear Distance (in): 0.3 

Sample 

Number 

I 

2 

3 

Sample + 

Ring Wt. 

187.83 

189.87 

185.76 

Ring Wt. 

44.65 

45.43 

45.17 

Normal Load 

(ksf) 

2.0 

4.0 

6.0 

Max. Shear 

Reading (psf) 

1416 

2624 

3720 

Ultimate Shear 

Reading (psf) 

1272 

2398 

3600 

Remarks 



AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 25.5 % 
Moisture Content (after): 

Sample Type: Cal. Mod. 
Soil Description: Gray Silty Sand, fine grained sand wlshell 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters Peak Ultimate 



AP Engineering W Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 111 7/09 

Boring No.: R-09-012 Date: 12/01/09 

Sample No.: D-08 Depth (ft): 40 

Description: Gray Silty Sand, fine grained 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks 

Number Ring Wt. (ksf) Reading (psf) Reading (psf) 

1 194.23 44.66 3.0 1944 1920 

2 191 .OO 44.74 6.0 3804 3768 

3 190.64 44.70 9.0 5579 5400 



AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 29.2 % 
Moisture Content (after): 

Sample Type: Cal. Mod. 
Soil Description: Gray Silty Sand, fine grained 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters Peak Ultimate 

Cohesion (psf): 150 150 







MOISWRE AND DENSITY TEST RESULTS 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 

Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) (PC~)  

R-09-013 0-02 I 0  73.7 N A 

R-09-013 D-03 15 30.2 93.4 

R-09-013 D-06 30 52.7 70.1 

R-09-013 S-07 35 36.2 N A 

R-09-013 S-09-1 45 41.9 NA 

R-09-013 D-10 50 39.4 79.7 

R-09-013 S-11-2 55.5 35.5 N A 

R-09-013 D-I 2 60 32.8 88.2 

R-09-013 S-13 6 5 33.9 NA 

R-09-013 S-I 5 75 24.5 NA 

R-09-013 S-17 85 24.9 N A 

R-09-013 S-19 100 18.3 NA 

R-09-0 13 S-22 130 5.9 NA 

R-09-0 1 3 S-24 150 18.7 NA 



Laboratory No.: 

Date: 

Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-013 U-15 25 0.50 

R-09-013 U-08 40 0.75 

R-09-013 D-10 50 0.50 

POCKET PENEmFPQMEEECP DATA 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) (yo) 

R-09-013 0-03 15 10.68 
R-09-013 0-14 70 12.69 

PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 



AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1/09 

Checked by: AP Date: 121-1 2/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines LL:PL:PI ASTM 
(feet) D 2487 

O R-09-013 U-05 25 0.00 24.03 75.97 30:23:7 CL-ML 

R-09-04 3 S-07 35 0.00 11.97 88.03 NIP ML 

LA R-09-013 U-08 40 0.00 13.09 86.91 36:24:12 CL 



AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: I211 1 109 
Checked by: AP Date: 1211 2/09 

GRAVEL SAND SILT OR CLAY 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines LL:PL:PI ASTM 
(feet) D 2487 

O R-09-013 D-10 50 0.00 14.25 85.75 38:25:13 CL 

R-09-013 S-13 65 0.00 23.80 76.20 NIP ML 

A R-09-013 S-15 75 0.00 89.76 10.24 N/A SP-SM 



AP Engineering & Testing, lnc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1/09 

Checked by: AP Date: 1211 2/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

O R-09-013 5-1 7 85 0.06 84.77 15.17 NIA SM 

R-09-013 S-I 9 100 3.49 88.11 8.40 NIA SW-SM 

A R-09-013 S-22 130 62.32 30.32 7.36 NIA GW-GM 



AP Engineering & Testing, tnc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM 13 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1/09 
Checked by: AP Date: 1211 2/09 

GRAVEL SAND SILT OR CLAY 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

- Gravel Sand Fines LL:PL:PI ASTM 
(feet) D 2487 

O R-09-013 S-24 150 4.31 83.40 12.29 N /A SM 
- - 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 1211 2/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Boring Sample Depth 
LL P L PI U.S.C.S 

Number Number (feet) Symbol 

+ R-09-013 S-02 10 63 38 25 MH 

A R-09-013 U-05 25 30 23 7 CL-ML 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-123-03 Checked By: AP Date: 1211 2/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

umber of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

Q R-09-013 D-06 30 50 29 2 1 ML-MH 

R-09-013 S-07 35 NP NP NP ML 



AP Engineering & Tesiing, Inc. 

ATTERBERG LIMITS 
ASTM B 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: I 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 1211 2/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

One-point Test 

Number of Blows 

Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

4+ R-09-013 U-08 40 36 24 12 CL 

R-09-013 S-09-1 45 N P NP NP 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 1211 2/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Number of Blows 

Boring Sample Depth 
LL P L PI U.S.C.S 

Number Number (feet) Symbol 

4 R-09-013 D-10 50 38 2 5 13 C L 

R-09-013 S-I 1-2 55.5 NP NP NP 



AP Engineering & Testing, lnc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-123-03 Checked By: AP Date: 1211 2/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

umber of Blows 

Symbol Boring Sample Depth LL PL PI U.S.C.S 

Number Number (feet) Symbol 

R-09-013 D-I2 60 N P NP NP ML 

R-09-013 5-1 3 65 N P N P NP ML 



SPECIFIC GRAVITY 
ASTM D854 

AP Number: 29-1121 

Client: Name: Earth Mechanics, Inc. 
Project Name: ACTA Heim Bridge Replacement Data Input By: KM 
Project No. : 06-123-03 

SOIL CLASSIFICATION 

MATERIAL EXCLUDED 



CORROSION TEST RESULTS 

I 

AP Engineering & Testing, Inc. 

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1121 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 41 7 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 



AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 12/08/09 

Boring No.: R-09-013 Date: 1211 1/09 

Sample No.: D-03 Depth (ft): 15 

Description: Gray Sand with Silt 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear 

(ks9 Reading (psf) Reading (psf) 

189.60 44.87 

190.53 43.43 





AP Engineering &r Testing, lnc. 

UNCONSOLIDATED UNDRAINED TRlAXlAL TEST (UU,Q) 
ASTM D 2850 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-05 Depth (feet): 25 

Soil Description Gray Silty Clay with sand 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch): Dry Unit Weight (pcf): 

Sample Weight (gms): 1 133.95 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 1238.93 Void Ratio for Gs=2.7: 

Wt. Dry Soil+Container(gms) 899.10 % Saturation: 

Back Pressure (ksf): 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf): 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 





Laboratory No.: 

Date: 

Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) ( P C ~  

R-09-015 D-02 10 25.6 98.3 

R-09-015 D-04 2 0 42.9 79.4 

R-09-015 S-05 25 36.5 N A 

R-09-015 D-06 30 34.8 84.9 

R-09-015 5-07 35 51 .O NA 

R-09-015 D-08 4 0 62.8 62.4 

R-09-015 D-I 0 5 0 35.3 82.8 

R-09-015 S-I  1 5 5 37.2 NA 

R-09-015 D-I 5 75 27.0 98.0 

R-09-015 S-16 8 0 24.7 NA 

R-09-015 S-18 100 17.5 N A 

R-09-015 S-2 1 135 13.6 N A 

MOISTURE AND DENSITY TEST RESULTS 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Laboratory No.: 

Date: 

POCKET PENETROMETER DATA 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 

Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-015 D-04 2 0 0.70 

R-09-015 D-08 40 0.53 

R-09-015 U-09 45 2.00 

R-09-015 U-12 60 I .25 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) 

R-09-015 S-01 5 69.40 
R-09-015 5-03 15 47.28 
R-09-015 D-I  3 65 16.69 

PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

AP Engineering 8( Testing, Inc. 

GRAIN SIZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 1211 0109 

ACTA Heim Bridge Replacement Computed by: KM Date: 12/20/09 

Date: 12120/09 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SIZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines LL:PL:PI ASTM 

(feet) D 2487 

0 R-09-015 D-04 20 0.10 23.22 76.68 NIP ML 

R-09-015 5-05 25 0.00 40.02 59.98 N/A ML 

n R-09-015 D-08 40 0.00 0.32 99.68 71 :37:34 MH 



AP Engineering & Testing, inc. 

GRAIN SIZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 1211 0109 

Date: 12/20/09 
Date: 12/20/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SIZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines LL:PL:PI ASTM 
(feet) D 2487 

O R-09-015 U-09 45 0.00 26.74 73.26 NIP ML 
- - 

R-09-015 S-I I 55 0.00 3.82 96.18 38:26:12 ML 

a R-09-015 U-12 60 0.00 0.93 99.07 NIP ML 



AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 1211 0109 

ACTA Heim Bridge Replacement Computed by: KM Date: 12120109 

Checked by: AP Date: 12/20109 

GRAVEL SAND SILT OR CLAY 

COARSE FINE ZOARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth . Gravel Sand Fines LL:PL:PI ASTM 

(feet) D 2487 

0 R-09-015 S-16 80 0.00 78.48 21.52 NIA SM 

R-09-015 S-I 8 100 0.22 77.57 22.21 NIA SM 

A R-09-015 S-21 135 20.52 67.10 12.38 NIA SM 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 12/07/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/20/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

One-point Test 

Number of Blows 

Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

R-09-015 D-04 20 NP N P NP 

A R-09-015 S-07 35 39 24 15 C L 



AP Engineering & Tesiing, Inc. 

APTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 12/07/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/20/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

* R-09-015 0-08 40 7 1 37 34 MH 

R-09-015 U-09 45 NP NP NP 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 12/07/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/20/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

* R-09-07 5 D-10 50 37 24 13 C L 

A R-09-015 S-1 I 55 38 26 12 ML 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 12/07/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/20109 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

R-09-015 U-12 60 NP N P NP 



SPECIFIC GFiAVlTY 
ASTM D854 

BORING NUMBER R-09-015 

SAMPLE NUMBER U-09 

DEPTH (FT) 45 

SOlL CLASSIFICATION 

METHOD (A OR B) B 

FLASK NUMBER 3 

W. FLASK+WATER+SOIL, g 363.53 

TEMPERATURE, "C 19.2 

CORRECTION FACTOR 1.0002 

W. DRY SOIL, g 40.17 

WT. FLASK + WATER, g 249.23 

% RETAINED #4 0.00 

% PASSING #4 100.00 

MATERIAL EXCLUDED None 

SPECIFIC GRAVITY (GS,SO~C) 

AP Number: 29-1 121 

Client: Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement Data Input By: KM 

Project No. : 06-123-03 



Appendix F. Site-Specific Ground Motion Study Memorandum 



  
 
 

17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  

 
 



Schuyler Heim Bridge Replacement Project 
Site-Specific Ground Motion Study – ARS Comparison 

February 8, 2010 
Page 5 

 

17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 
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TECHNICAL MEMORANDUM 
 
 
DATE: February 2, 2010 EMI PROJECT NO: 06-123-03 
 

PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  

COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  

PREPARED BY: Arul K. Arulmoli, Eric Brown & Patrick Wilson / Earth Mechanics, Inc. 
 

SUBJECT: ACTA Schuyler Heim Bridge (Replace) 
 Los Angeles and Long Beach, CA 
 Bent Foundation Lateral Pile Analysis (p-y Curve Comparison) 
 
 
Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge (Replace) and associated ramp structures (New Dock Street On-Ramp, New Dock Street 
Off-Ramp, State Route-103 On-Ramp and State Route-103 Off-Ramp) in the cities of Los 
Angeles and Long Beach, California.  

This memorandum summarizes the results of our lateral pile analysis following completion of 
the recent field investigation and laboratory testing program and is intended to verify that p-y 
curves developed during the preliminary design phase are suitable and conservative for use in 
final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California. The bridge is located on SR-47 and spans the Cerritos Channel generally 
between Pier A Way on the north side and W. Ocean Boulevard on the south side.

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge and the new alignment shifts east along the existing alignment. The 
proposed fixed bridge will have an elevated profile to provide a vertical clearance of about 47 
feet over a mean high water level (MHWL) of +4.7 feet in the Cerritos Channel and maintain a 
navigable channel width of 180 feet. The proposed bridge will also include southbound exit 
ramps and northbound entrance ramps at New Dock Street and State Route (SR) 103. 
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The typical bridge bent will have either multiple columns (mainline) or single columns (ramp 
structures) supported on Type II cast-in-drilled-hole (CIDH) piles. South of Cerritos Channel, the 
CIDH piles are 10 ft diameter while the spans across Cerritos Channel and north of Cerritos 
Channel are supported on 11 to 12 ft diameter CIDH piles. The abutments for the mainline and 
the ramp structures are expected to be supported on 2.5-foot diameter CIDH piles; however the 
subject memorandum only pertains to the bent pile analysis. 

Project Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by EMI (EMI, 
2006) based upon existing subsurface information available at the time and was intended to be 
used for bridge type selection and preliminary design. The PFR included a general description of 
the subsurface conditions including eight idealized soil profiles along the proposed structure 
alignment with each idealized soil profile typically spanning across multiple bents. The idealized 
soil profile was used by EMI to develop pile lengths for cost estimating purposes based upon 
preliminary design loads provided by the designers. Each idealized soil profile included 
stratigraphy and idealized soil strength parameters (unit weight, friction angle and undrained 
shear strength) including post-liquefaction “residual” shear strengths for the layers identified as 
being potentially liquefiable based on a liquefaction analysis performed on the existing soil 
borings.  

It is our understanding that following approval of bridge type selection, design soil springs (p-y 
curves) were generated by Caltrans using the idealized soil profiles provided in the PFR (EMI, 
2006). The preliminary p-y curves were intended to be used during the initial stages of design 
until a project specific geotechnical field investigation was conducted and the bridge foundation 
report was prepared. A set of p-y curves was generated at each bent of the mainline and ramp 
structures for a single 10-ft diameter CIDH pile and included reduced soil strengths for the layers 
identified in the PFR as potentially liquefiable. Since the project specific geotechnical field 
investigation could not be initiated until late during the project timeline, the preliminary p-y 
curves were used by the Caltrans bridge designers in final design. Based upon our conversations 
with the bridge designers, the only modifications that were made to the preliminary p-y curves 
was the application of a p-multiplier of 1.2 to curves where the CIDH pile diameter was 
increased to 12 ft.  

In September 2009, EMI was requested by the Alameda Corridor Transportation Agency 
(ACTA) to perform the project-specific geotechnical field investigation which when completed 
consisted of 42 rotary wash borings, 33 cone penetration test (CPT) soundings and 8 hollow-
stem auger borings along the proposed bridge and ramp alignment; including at least one boring 
performed near each support of the proposed structure. After completion of the geotechnical field 
investigation and laboratory testing program, a complete liquefaction analysis was conducted 
using the new boring information and the idealized soil profile along the proposed bridge 
alignment was revised.  

Because the geotechnical field investigation was not able to be initiated until late during the 
project timeline, re-analyzing the structure based upon p-y curves generated using the updated 
soil profile was not feasible given project deadlines. Therefore, EMI performed a set of lateral 
pile analyses at selected bent locations representing the entire bridge alignment to compare the 
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preliminary p-y curves (referred to as Design Curves in this memorandum) generated from the 
idealized soil profiles in the PFR to the p-y curves developed using the updated soil profile 
(referred to as Revised Profile Curves in this memorandum) to verify that the preliminary curves 
are suitable and conservative for use in final design.  

Method of Analysis 

As described above, the Design Curves were generated from eight different soil profiles provided 
in the PFR (EMI, 2006). For comparison purposes, five bent locations were selected where the 
individual p-y curves and the overall pile behavior (pile head shear resistance and maximum pile 
moment versus pile-top deflection) could be compared. The bents selected for comparison were 
at locations where five of the eight different soil profiles generated during preliminary design 
could be analyzed. The bent locations selected consisted of two bents south of Cerritos Channel 
(Bent 2 and Bent 11), one of the bents inside the Cerritos Channel (Bent 14) and two bents north 
of Cerritos Channel (Bent 18 and Bent 24). The five different idealized soil profiles are shown in 
Figures 1 to 5.  

A review of the Design Curves indicated that coarse-grained soils appear to have been developed 
using the method proposed by Reese et al. (1974) and fine-grained soils appear to have been 
developed using the method proposed by Reese and Cox (1975) for stiff clay in the presence of 
free water. The Revised Profile Curves generated by EMI were developed using API criteria 
(2000) for coarse grained soils, Matlock’s soft clay criteria (Matlock, 1970) for clays with 
undrained shear strength less than 1 ksf and Reese’s method (Reese and Cox, 1975) for stiff clay 
in the presence of free water  for clays with an undrained shear strength greater than 1 ksf.  

For comparison of the individual p-y curves, the design curves were provided by the designers. 
The Revised Profile Curves were generated using LPILE (Ensoft, 2004) based upon the revised 
idealized soil profile developed at the different bent locations. For the comparison of overall pile 
behavior (pile head shear resistance and pile moment versus pile-top deflection), the Design 
Curves were input into LPILE using the “user input p-y curves” option. Based upon our 
conversations with the designers, a “cracked” section modulus (EI) equal to 75% of the gross EI 
was used for both models.  

Liquefiable Soil. As described above, the Design Curves were generated from soil profiles that 
indicated the presence of potentially liquefiable material. Based upon a review of the Design 
Curves, liquefied strengths were generated by applying a p-reduction factor varying between 
0.15 and 0.20 for potentially liquefiable layers.  

The Revised Profile Curves were generated based upon an updated liquefaction analysis 
performed on the borings completed in the EMI field investigation. Liquefied soil strengths for 
layers identified to be potentially liquefiable were modeled using a p-reduction factor based upon 
the values provided in Ashford et al. (2008). The p-reduction factors are correlated to an average 
normalized clean sand SPT blowcount (N1)60-CS for the liquefiable layer with discrete values 
provided for a range of (N1)60-CS. An approximate trend line was drawn through the ranges 
proposed by Ashford and used in the analysis as shown in Figure 6.  
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Group Effects. It is our understanding that the Design Curves were generated prior to Caltrans 
implementation of the AASHTO LRFD Bridge Design Specifications (AASHTO, 2007) which 
required p-reduction factors to p-y curves to account for group effects. P-reduction factors to 
account for group effects for the Revised Profile Curves followed the recommendations for pile 
group efficiency reduction factors provided in Caltrans Amendments to AASHTO LRFD BDS 
(Caltrans, 2008) and were based upon the CIDH pile on-center spacing in the bridge transverse 
direction at the individual bent locations. Since each bent consists of a single row of piles, the 
bridge transverse direction controls the pile design as it has a greater group reduction than the 
longitudinal direction. The pile spacing and p-reduction factors used in the analysis for each bent 
are listed in Table 1.  

Table 1. Group Reduction Factors for Revised Profile Curves 

Bent Location Pile Diameter (ft) Average Spacing in 
Transverse Direction (ft) 

P-Reduction Factor for 
Group Effects 

Bent 2 10 30 = 3.0 x D 0.53 

Bent 11 10 36 = 3.6 x D 0.61 

Bent 14 12 33 = 2.9 x D 0.48 

Bent 18 12 35 = 3.0 x D 0.53 

Bent 24 12 45 = 4.0 x D 0.67 

Note: Group reduction effects were not accounted for in development of Design Curves. 

Groundwater. The design groundwater elevation for the Revised Profile Curves was placed at an 
elevation of +5 ft MLLW or the ground surface in locations where proposed grade is indicated 
on the plans as being below elevation +5 ft MLLW.  

Results 

The revised soil profiles resulting from the information gathered during the recent investigation 
are generally consistent with those provided in the PFR that were used to develop the Design 
Curves. Site soils can be characterized by alluvial deposits consisting of loose to medium dense 
fine-grained silty sand and sandy silt with abundant silty clay and clayey silt layers between the 
ground surface and about 50 to 70 ft below grade. The near surface alluvium is underlain by 
dense to very dense coarse-grained Gaspur Formation sand. The coarse grained portions of the 
alluvium is generally liquefiable with some pockets and lenses with medium dense to dense 
consistency that are not considered susceptible to liquefaction.  

Since lateral pile behavior is primarily dictated by the soil profile within the upper portion of the 
pile (within about 5 to 7 pile diameters from the pile top), the lateral pile stiffness throughout the 
project is dominated by soft to stiff fine-grained material and liquefiable sand. In generating the 
revised soil profiles, the recent soil borings and laboratory test results justify using more 
appropriate p-reduction factors to account for liquefaction throughout the profile and higher 
undrained shear strengths in some of the fine-grained material. Though the Design Curves were 
generated during early stages of the project without considering group effects, when the more 
appropriate p-reduction factors for liquefiable soils and increased undrained shear strengths for 
the appropriate fine-grained soils are used in conjunction with the group reduction factors, the 
Revised Profile Curves are generally comparable to the Design Curves. Figures 7 to 11 show the 
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Design Curves plotted along side the Revised Profile Curves at each bent location for the top 100 
ft of pile length.   

Due to some revisions in the idealized soil profile stratigraphy based upon the new soil 
information, there are some depths that the Revised Profile Curves model a layer or a portion of 
a layer as softer than the Design Curves; therefore, it isn’t necessarily clear upon initial 
inspection which set of p-y curves generates a more conservative soil model. Based upon our 
conversations with the designers, performing a pile pushover analysis using a free-head pile, the 
curves that generate a pile response where a smaller pile-head shear is required to produce a 
prescribed lateral pile displacement is considered to be more conservative. In addition, since 
earthquake loading on a bridge is force based (i.e., mass times the spectral acceleration), the 
curve that predicts more moment in the pile for a given pile-head shear would also be an 
indication of a more conservative analysis. 

For the five different bents considered, the lateral pile head shear and maximum moment are 
plotted against lateral pile-top displacement in Figures 12 to 16 using the analysis methods 
described above. Figures 12, 15 and 16 show that for Bent 2, Bent 18 and Bent 24, respectively, 
the Design Curves produce a more conservative lateral pile response than the analysis using the 
Revised Profile Curves. For Bent 11 and Bent 14 shown in Figures 13 and 14, respectively, the 
lateral pile head shear to produce the same lateral pile deflection is about 15 percent less for the 
Revised Profile Curves than that for the Design Curves. These differences are considered small 
and acceptable. In addition, as shown in Figures 12 through 16, the maximum moments for given 
pile-head shear values predicted using the Design Curves are approximately equal to or greater 
those predicted using the Revised Profile Curves. 

Conclusions 

Based upon the results of the above described analysis and our discussions with the designers, 
we conclude that the Design Curves are appropriate for use in the bridge final design as they 
typically generate a more conservative lateral pile response than the response predicted by the 
Revised Curves.  
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Range from Table 1
Simplified trendline

Chart for selecting p-multiplier based on (N1)60cs

Recommended values (after Ashford et al. 2008)



y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 90 0.20 1,436 0.17 180 0.20 1,853 0.17 270 0.20 2,263

0.34 162 0.40 2,753 0.34 341 0.40 3,538 0.34 502 0.40 4,271

0.50 182 0.60 3,869 0.50 384 0.60 4,943 0.50 569 0.60 5,873

0.67 197 0.80 4,753 0.67 418 0.80 6,032 0.67 622 0.80 7,046

0.83 210 1.00 5,416 0.83 447 1.00 6,829 0.83 666 1.00 7,852

1.00 221 1.20 5,894 1.00 472 1.20 7,389 1.00 705 1.20 8,381

1.16 231 1.40 6,228 1.16 494 1.40 7,771 1.16 739 1.40 8,719

1.33 240 1.60 6,457 1.33 514 1.60 8,025 1.33 770 1.60 8,931

1.50 248 1.80 6,611 1.50 532 1.80 8,193 1.50 799 1.80 9,062

1.67 256 2.00 6,715 1.67 549 2.00 8,303 1.67 825 2.00 9,143

1.84 263 2.20 6,783 1.84 565 2.20 8,374 1.84 850 2.20 9,192

2.00 269 2.40 6,829 2.00 579 2.40 8,420 2.00 873 2.40 9,222

4.50 365 5.40 6,916 4.50 794 5.40 8,503 4.50 1,210 5.40 9,269

124.50 365 149.40 6,916 124.50 794 149.40 8,503 124.50 1,210 149.40 9,269

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 360 0.20 512 0.17 522 0.17 547 0.25 3,765 0.17 5,521

0.34 631 0.40 967 0.34 744 0.33 1,058 0.50 5,325 0.33 10,523

0.50 720 0.60 1,330 0.50 868 0.50 1,509 0.76 6,204 0.50 14,668

0.67 792 0.80 1,597 0.67 970 0.67 1,885 1.01 6,775 0.67 17,855

0.83 852 1.00 1,780 0.83 1,056 0.83 2,184 1.26 7,164 0.83 20,166

1.00 904 1.20 1,900 1.00 1,132 1.00 2,414 1.51 7,425 1.00 21,774

1.16 951 1.40 1,977 1.16 1,201 1.17 2,586 1.76 7,585 1.17 22,858

1.33 993 1.60 2,026 1.33 1,264 1.33 2,711 2.02 7,664 1.33 23,576

1.50 1,032 1.80 2,055 1.50 1,322 1.50 2,802 2.27 7,676 1.50 24,045

1.67 1,069 2.00 2,074 1.67 1,377 1.67 2,866 2.52 7,629 1.67 24,348

1.84 1,103 2.20 2,085 1.84 1,428 1.83 2,911 2.77 7,532 1.83 24,543

2.00 1,134 2.40 2,092 2.00 1,476 2.00 2,943 3.02 7,390 2.00 24,668

4.50 1,599 5.40 2,103 4.50 2,182 4.50 3,016 5.04 5,330 4.50 24,888

124.50 1,599 149.40 2,103 124.50 2,182 124.50 3,017 7.06 3,268 124.50 24,889

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 6,081 0.17 7,430 0.25 3,765 0.17 9,074 0.17 5,976 0.17 10,832

0.34 7,867 0.33 14,426 0.50 5,325 0.33 17,775 0.34 9,023 0.33 21,341

0.50 9,145 0.50 20,652 0.76 6,204 0.50 25,790 0.50 11,483 0.50 31,242

0.67 10,176 0.67 25,918 1.01 6,775 0.67 32,904 0.67 13,624 0.67 40,316

0.83 11,056 0.83 30,186 1.26 7,164 0.83 39,014 0.83 15,557 0.83 48,423

1.00 11,830 1.00 33,525 1.51 7,425 1.00 44,113 1.00 17,338 1.00 55,503

1.16 12,527 1.17 36,068 1.76 7,585 1.17 48,270 1.16 19,001 1.17 61,565

1.33 13,164 1.33 37,963 2.02 7,664 1.33 51,593 1.33 20,571 1.33 66,668

1.50 13,753 1.50 39,354 2.27 7,676 1.50 54,208 1.50 22,063 1.50 70,902

1.67 14,302 1.67 40,363 2.52 7,629 1.67 56,241 1.67 23,489 1.67 74,373

1.84 14,817 1.83 41,089 2.77 7,532 1.83 57,807 1.84 24,858 1.83 77,191

2.00 15,303 2.00 41,609 3.02 7,390 2.00 59,004 2.00 26,177 2.00 79,461

4.50 22,408 4.50 42,867 5.04 5,330 4.50 62,636 4.50 45,628 4.50 87,868

124.50 22,408 124.50 42,874 7.06 3,268 124.50 62,684 124.50 45,628 124.50 88,090
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 90 0.20 108 0.17 180 0.20 185 0.17 270 0.05 229

0.34 162 0.40 208 0.34 341 0.40 359 0.34 502 1.58 723

0.50 182 0.60 295 0.50 384 0.60 512 0.50 569 3.15 910

0.67 197 0.80 367 0.67 418 0.80 640 0.67 622 4.73 1,042

0.83 210 1.00 423 0.83 447 1.00 743 0.83 666 6.30 1,147

1.00 221 1.20 465 1.00 472 1.20 822 1.00 705 7.88 1,235

1.16 231 1.40 496 1.16 494 1.40 881 1.16 739 9.45 1,313

1.33 240 1.60 518 1.33 514 1.60 925 1.33 770 11.03 1,382

1.50 248 1.80 533 1.50 532 1.80 956 1.50 799 12.60 1,445

1.67 256 2.00 544 1.67 549 2.00 979 1.67 825 14.18 1,503

1.84 263 2.20 551 1.84 565 2.20 995 1.84 850 15.75 1,557

2.00 269 2.40 556 2.00 579 2.40 1,006 2.00 873 17.33 1,607

4.50 365 5.40 567 4.50 794 5.40 1,032 4.50 1,210 18.90 1,654

124.50 365 149.40 568 124.50 794 149.40 1,033 124.50 1,210 50.40 2,294

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 359 0.05 256 0.17 539 0.04 245 0.17 461 0.17 324

0.34 629 1.58 808 0.34 740 1.31 771 0.34 678 0.33 612

0.50 719 3.15 1,018 0.50 869 2.63 972 0.50 850 0.50 843

0.67 790 4.73 1,165 0.67 973 3.94 1,112 0.67 998 0.67 1,012

0.83 850 6.30 1,282 0.83 1,062 5.25 1,224 0.83 1,130 0.83 1,130

1.00 902 7.88 1,381 1.00 1,141 6.56 1,319 1.00 1,251 1.00 1,208

1.16 949 9.45 1,468 1.16 1,212 7.88 1,402 1.16 1,363 1.17 1,257

1.33 991 11.03 1,545 1.33 1,278 9.19 1,475 1.33 1,468 1.33 1,289

1.50 1,030 12.60 1,616 1.50 1,338 10.50 1,543 1.50 1,567 1.50 1,308

1.67 1,066 14.18 1,680 1.67 1,395 11.81 1,604 1.67 1,662 1.67 1,320

1.84 1,100 15.75 1,740 1.84 1,448 13.13 1,662 1.84 1,753 1.83 1,328

2.00 1,132 17.33 1,797 2.00 1,499 14.44 1,715 2.00 1,840 2.00 1,332

4.50 1,594 18.90 1,849 4.50 2,236 15.75 1,766 4.50 3,121 4.50 1,340

124.50 1,594 50.40 2,565 124.50 2,236 42.00 2,449 124.50 3,121 124.50 1,340

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.25 3,765 0.17 584 0.25 3,765 0.25 3,063 0.17 11,128 0.17 9,360

0.50 5,325 0.33 1,135 0.50 5,325 0.50 4,332 0.34 16,961 0.33 18,242

0.76 6,204 0.50 1,626 0.76 6,204 0.76 5,047 0.50 21,702 0.50 26,260

1.01 6,775 0.67 2,041 1.01 6,775 1.01 5,511 0.67 25,850 0.67 33,178

1.26 7,164 0.83 2,379 1.26 7,164 1.26 5,828 0.83 29,606 0.83 38,920

1.51 7,425 1.00 2,643 1.51 7,425 1.51 6,040 1.00 33,077 1.00 43,533

1.76 7,585 1.17 2,845 1.76 7,585 1.76 6,170 1.16 36,327 1.17 47,142

2.02 7,664 1.33 2,996 2.02 7,664 2.02 6,235 1.33 39,400 1.33 49,910

2.27 7,676 1.50 3,107 2.27 7,676 2.27 6,244 1.50 42,325 1.50 51,998

2.52 7,629 1.67 3,188 2.52 7,629 2.52 6,206 1.67 45,125 1.67 53,555

2.77 7,532 1.83 3,246 2.77 7,532 2.77 6,127 1.84 47,817 1.83 54,706

3.02 7,390 2.00 3,288 3.02 7,390 3.02 6,011 2.00 50,414 2.00 55,551

5.04 5,330 4.50 3,389 5.04 5,330 5.04 4,336 4.50 88,729 4.50 57,780

7.06 3,268 124.50 3,390 7.06 3,268 7.06 2,658 124.50 88,729 124.50 57,797

Figure 8
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.22 1,631 0.71 1,055 0.24 2,252 0.53 1,555 0.26 2,862 0.53 1,796

0.42 2,306 1.43 1,491 0.49 3,185 1.05 2,200 0.53 4,047 1.07 2,540

0.64 2,660 2.14 1,735 0.73 3,688 1.58 2,561 0.79 4,697 1.60 2,958

0.85 2,870 2.86 1,891 0.97 3,999 2.10 2,794 1.04 5,106 2.13 3,229

1.06 2,997 3.57 1,996 1.21 4,198 2.63 2,952 1.31 5,375 2.67 3,414

1.27 3,064 4.29 2,065 1.46 4,316 3.15 3,057 1.57 5,542 3.20 3,536

1.49 3,085 5.00 2,105 1.70 4,372 3.68 3,120 1.84 5,631 3.73 3,611

1.69 3,068 5.71 2,122 1.94 4,378 4.20 3,149 2.10 5,657 4.27 3,647

1.91 3,019 6.43 2,121 2.18 4,341 4.73 3,150 2.36 5,630 4.80 3,651

2.12 2,944 7.14 2,102 2.44 4,268 5.25 3,127 2.62 5,558 5.33 3,627

2.33 2,844 7.86 2,069 2.68 4,163 5.78 3,083 2.88 5,445 5.87 3,578

2.54 2,724 8.57 2,024 2.92 4,032 6.30 3,021 3.14 5,300 6.40 3,510

4.24 1,978 14.29 1,463 4.86 2,926 10.50 2,181 5.24 3,841 10.67 2,532

5.94 1,230 20.00 902 6.80 1,820 14.71 1,341 7.34 2,382 14.93 1,554

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.28 3,375 0.37 2,691 0.20 1,234 0.21 3,600 0.20 2,530 0.22 3,613

0.55 4,773 0.74 3,805 0.40 2,467 0.43 5,092 0.40 5,059 0.43 5,110

0.83 5,547 1.12 4,432 0.60 3,701 0.64 5,931 0.60 7,589 0.65 5,953

1.10 6,041 1.49 4,837 0.80 4,120 0.86 6,475 0.80 8,955 0.86 6,500

1.39 6,371 1.86 5,113 1.00 4,395 1.07 6,846 1.00 9,591 1.08 6,874

1.67 6,583 2.23 5,296 1.20 4,632 1.29 7,093 1.20 10,144 1.29 7,123

1.94 6,703 2.61 5,408 1.40 4,843 1.50 7,244 1.40 10,637 1.51 7,277

2.22 6,750 2.98 5,461 1.60 5,033 1.71 7,317 1.60 11,083 1.73 7,353

2.50 6,735 3.35 5,466 1.80 5,208 1.93 7,326 1.80 11,491 1.94 7,364

2.77 6,667 3.72 5,429 2.00 5,368 2.14 7,279 2.00 11,870 2.16 7,319

3.05 6,553 4.10 5,356 2.20 5,518 2.36 7,183 2.20 12,223 2.37 7,225

3.32 6,400 4.47 5,251 2.40 5,659 2.57 7,044 2.40 12,555 2.59 7,088

5.54 4,631 7.45 3,790 5.40 7,701 4.29 5,083 5.40 17,381 4.32 5,113

7.76 2,861 10.43 2,327 149.40 7,701 6.00 3,119 149.40 17,381 6.04 3,135

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0

0.20 5,410 0.20 3,604 0.20 12,610 0.18 9,154

0.40 10,819 0.40 6,576 0.40 25,219 0.37 17,902

0.60 13,502 0.60 8,661 0.60 34,932 0.55 25,909

0.80 15,196 0.80 9,964 0.80 41,608 0.73 32,951

1.00 16,655 1.00 10,720 1.00 47,654 0.92 38,933

1.20 17,951 1.20 11,140 1.20 53,241 1.10 43,863

1.40 19,125 1.40 11,368 1.40 58,472 1.28 47,829

1.60 20,203 1.60 11,490 1.60 63,417 1.47 50,956

1.80 21,205 1.80 11,554 1.80 68,125 1.65 53,382

2.00 22,143 2.00 11,588 2.00 72,632 1.83 55,243

2.20 23,028 2.20 11,607 2.20 76,965 2.02 56,657

2.40 23,866 2.40 11,616 2.40 81,146 2.20 57,723

5.40 36,124 5.40 11,627 5.40 142,818 4.95 60,806

149.40 36,124 149.40 11,627 149.40 142,818 136.95 60,840

Figure 9
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.14 115 0.23 231 0.19 195 0.06 288 0.22 268 0.06 312

0.29 162 0.47 459 0.38 275 2.00 906 0.42 379 2.00 983

0.43 186 0.70 679 0.58 318 3.99 1,142 0.64 439 3.99 1,239

0.58 199 0.93 889 0.77 344 5.99 1,307 0.85 477 5.99 1,418

0.72 206 1.17 1,086 0.97 361 7.98 1,438 1.06 502 7.98 1,560

0.86 209 1.40 1,269 1.16 370 9.98 1,549 1.27 517 9.98 1,681

1.01 208 1.63 1,436 1.36 374 11.97 1,646 1.49 524 11.97 1,786

1.15 204 1.87 1,586 1.55 374 13.97 1,733 1.69 526 13.97 1,880

1.30 198 2.10 1,721 1.74 370 15.96 1,812 1.91 523 15.96 1,966

1.44 190 2.33 1,841 1.93 363 17.96 1,885 2.12 515 17.96 2,045

1.57 180 2.57 1,946 2.12 353 19.95 1,952 2.33 504 19.95 2,118

1.72 169 2.80 2,037 2.32 340 21.95 2,015 2.54 490 21.95 2,186

2.87 122 6.30 2,522 3.86 247 23.94 2,074 4.25 355 23.94 2,251

4.02 74 174.30 2,560 5.41 154 63.84 2,877 5.94 221 63.84 3,121

100.00 74 342.30 2,560 100.00 154 119.70 2,877 100.00 221 119.70 3,121

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 186 0.23 757 0.17 402 0.20 872 0.25 4,519 0.05 382

0.34 350 0.47 1,479 0.34 722 0.40 1,690 0.50 6,390 1.53 1,203

0.50 395 0.70 2,136 0.50 822 0.60 2,410 0.76 7,445 3.06 1,516

0.67 429 0.93 2,711 0.67 902 0.80 3,011 1.01 8,129 4.59 1,735

0.83 458 1.17 3,195 0.83 969 1.00 3,490 1.26 8,597 6.12 1,910

1.00 483 1.40 3,591 1.00 1,027 1.20 3,859 1.51 8,910 7.65 2,057

1.16 505 1.63 3,907 1.16 1,080 1.40 4,134 1.76 9,102 9.18 2,186

1.33 526 1.87 4,153 1.33 1,127 1.60 4,336 2.02 9,197 10.71 2,301

1.50 544 2.10 4,342 1.50 1,171 1.80 4,481 2.27 9,211 12.24 2,406

1.67 561 2.33 4,486 1.67 1,211 2.00 4,585 2.52 9,155 13.77 2,502

1.84 577 2.57 4,594 1.84 1,249 2.20 4,658 2.77 9,038 15.30 2,592

2.00 592 2.80 4,675 2.00 1,284 2.40 4,710 3.02 8,868 16.83 2,675

4.50 808 6.30 4,902 4.50 1,800 5.40 4,829 5.04 6,396 18.36 2,754

124.50 808 174.30 4,904 124.50 1,800 149.40 4,829 7.06 3,922 48.96 3,819

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.25 4,519 0.20 798 0.25 4,519 0.54 1,996 0.17 7,207 0.20 8,099

0.50 6,390 0.40 1,559 0.50 6,390 1.08 2,822 0.34 9,150 0.40 15,587

0.76 7,445 0.60 2,252 0.76 7,445 1.62 3,288 0.50 10,522 0.60 22,023

1.01 8,129 0.80 2,857 1.01 8,129 2.16 3,590 0.67 11,618 0.80 27,217

1.26 8,597 1.00 3,367 1.26 8,597 2.70 3,797 0.83 12,546 1.00 31,200

1.51 8,910 1.20 3,782 1.51 8,910 3.24 3,935 1.00 13,360 1.20 34,137

1.76 9,102 1.40 4,113 1.76 9,102 3.78 4,020 1.16 14,088 1.40 36,240

2.02 9,197 1.60 4,371 2.02 9,197 4.32 4,062 1.33 14,751 1.60 37,715

2.27 9,211 1.80 4,569 2.27 9,211 4.86 4,068 1.50 15,362 1.80 38,734

2.52 9,155 2.00 4,720 2.52 9,155 5.40 4,044 1.67 15,930 2.00 39,430

2.77 9,038 2.20 4,833 2.77 9,038 5.94 3,992 1.84 16,462 2.20 39,903

3.02 8,868 2.40 4,917 3.02 8,868 6.48 3,917 2.00 16,963 2.40 40,223

5.04 6,396 5.40 5,152 5.04 6,396 10.80 2,825 4.50 24,267 5.40 40,876

7.06 3,922 149.40 5,154 7.06 3,922 15.12 1,732 124.50 24,267 149.40 40,878

Figure 10
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.14 115 0.23 140 0.19 195 0.23 182 0.22 268 0.06 325

0.29 162 0.47 276 0.38 275 0.47 358 0.42 379 1.79 1,025

0.43 186 0.70 404 0.58 318 0.70 523 0.64 439 3.57 1,291

0.58 199 0.93 521 0.77 344 0.93 674 0.85 477 5.36 1,478

0.72 206 1.17 625 0.97 361 1.17 808 1.06 502 7.14 1,627

0.86 209 1.40 717 1.16 370 1.40 925 1.27 517 8.93 1,753

1.01 208 1.63 795 1.36 374 1.63 1,024 1.49 524 10.71 1,862

1.15 204 1.87 861 1.55 374 1.87 1,107 1.69 526 12.50 1,961

1.30 198 2.10 916 1.74 370 2.10 1,176 1.91 523 14.28 2,050

1.44 190 2.33 960 1.93 363 2.33 1,232 2.12 515 16.07 2,132

1.57 180 2.57 997 2.12 353 2.57 1,277 2.33 504 17.85 2,208

1.72 169 2.80 1,026 2.32 340 2.80 1,313 2.54 490 19.64 2,279

2.87 122 6.30 1,134 3.86 247 6.30 1,443 4.25 355 21.42 2,347

4.02 74 174.30 1,137 5.41 154 174.30 1,446 5.94 221 57.12 3,254

100.00 74 342.30 1,137 100.00 154 342.30 1,446 100.00 221 107.10 3,254

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 204 0.06 358 0.17 348 0.20 444 0.17 420 0.20 521

0.34 385 1.79 1,127 0.34 642 0.40 848 0.34 743 0.40 983

0.50 434 3.57 1,419 0.50 729 0.60 1,183 0.50 848 0.60 1,351

0.67 472 5.36 1,625 0.67 797 0.80 1,443 0.67 931 0.80 1,619

0.83 504 7.14 1,788 0.83 855 1.00 1,631 0.83 1,001 1.00 1,802

1.00 532 8.93 1,926 1.00 905 1.20 1,764 1.00 1,062 1.20 1,922

1.16 557 10.71 2,047 1.16 949 1.40 1,853 1.16 1,116 1.40 1,999

1.33 579 12.50 2,155 1.33 990 1.60 1,913 1.33 1,166 1.60 2,046

1.50 599 14.28 2,253 1.50 1,027 1.80 1,952 1.50 1,211 1.80 2,076

1.67 618 16.07 2,343 1.67 1,061 2.00 1,978 1.67 1,254 2.00 2,094

1.84 636 17.85 2,427 1.84 1,093 2.20 1,994 1.84 1,293 2.20 2,105

2.00 652 19.64 2,505 2.00 1,123 2.40 2,005 2.00 1,330 2.40 2,111

4.50 892 21.42 2,579 4.50 1,561 5.40 2,024 4.50 1,871 5.40 2,122

124.50 892 57.12 3,577 124.50 1,561 149.40 2,024 124.50 1,871 149.40 2,122

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 565 0.20 5,169 0.25 4,519 0.20 10,619 0.17 10,788 0.20 14,188

0.34 826 0.40 9,886 0.50 6,390 0.40 20,345 0.34 16,443 0.40 27,639

0.50 1,030 0.60 13,846 0.76 7,445 0.60 28,563 0.50 21,040 0.60 39,764

0.67 1,205 0.80 16,941 1.01 8,129 0.80 35,046 0.67 25,061 0.80 50,205

0.83 1,361 1.00 19,231 1.26 8,597 1.00 39,889 0.83 28,702 1.00 58,848

1.00 1,504 1.20 20,855 1.51 8,910 1.20 43,362 1.00 32,067 1.20 65,771

1.16 1,636 1.40 21,973 1.76 9,102 1.40 45,780 1.16 35,218 1.40 71,173

1.33 1,760 1.60 22,728 2.02 9,197 1.60 47,429 1.33 38,197 1.60 75,301

1.50 1,877 1.80 23,230 2.27 9,211 1.80 48,537 1.50 41,032 1.80 78,408

1.67 1,988 2.00 23,561 2.52 9,155 2.00 49,275 1.67 43,747 2.00 80,717

1.84 2,094 2.20 23,778 2.77 9,038 2.20 49,764 1.84 46,357 2.20 82,418

2.00 2,196 2.40 23,920 3.02 8,868 2.40 50,086 2.00 48,875 2.40 83,664

4.50 3,694 5.40 24,182 5.04 6,396 5.40 50,698 4.50 86,020 5.40 86,920

124.50 3,694 149.40 24,182 7.06 3,922 149.40 50,699 124.50 86,020 149.40 86,943
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1/20/2010 Figure 1206-123

ACTA Schuyler Heim Bridge (Replace) Bent 2 Pile Head Shear and Max 
Moment versus Deflection 
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1/20/2010 Figure 1306-123

ACTA Schuyler Heim Bridge (Replace) Bent 11 Pile Head Shear and Max 
Moment versus Deflection 
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1/20/2010 Figure 1406-123

ACTA Schuyler Heim Bridge (Replace) Bent 14 Pile Head Shear and Max 
Moment versus Deflection 
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1/20/2010 Figure 1506-123

ACTA Schuyler Heim Bridge (Replace) Bent 18 Pile Head Shear and Max 
Moment versus Deflection 
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Date:
1/20/2010 Figure 1606-123

ACTA Schuyler Heim Bridge (Replace) Bent 24 Pile Head Shear and Max 
Moment versus Deflection 
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Appendix H. Design p-y Curves for Bent Lateral Pile Analysis 



Table H-1. New Dock Street Off-Ramp Bent 4 to Bent 8 
p-y Cuwes for 10' Diameter CIDH Piles 

I I 



Appendix I. Caltrans Review Comments and EM1 Response 



Review Conlnlents for Foundation Reports for BR.53-303 1 ,  BR53-3 ... 

Subject: Review Coillllleilts for Fouildation Reports for BR.53-303 1, BR.53-3033, BR.53-3034K. 
BR53-3035s. 
From: FIaitao Liu <l~aitao - liu@dot.c 
Date: Tue, 23 Mar 2010 17:17:30 -0400 
To: Arul c\sulllloli <arulmoli@ea~"iliech.coni> 
CC: Hector Bedolla <hector - bedolla@dot.ca.gov>, Dell-Jeng Jang <dell-jeng jang@dot.ca.gov>. 
Maillid R Toossi <hamid - r - toossi@dot.ca.gov>, Foued Zayati <foued-zayati@dot.ca.gov>. Bo-jan 
Misic <bo.jan - misic@dot.ca.gov>, Ralijai~ Guilaralljan <raTljai~@ea?hmecl~.com>, Eric Brown 
<e.browi~@eai-tl~rnech.com>, Seuilgwoon Han <seungwooil-l~an@dot.ca.gov> 

Dear Arul, 

Below are our review comments for the subject bridges: 

New Dock Street Off-Ramp, Bridge No. 53-3031: 

1) Table 5 (Page 28 of Foundation Report). 
Boring No. R-09-010: Please verify the liquefaction potential and 
seismic-induced settlement for the soils from El. -40' to -45' (Silt with 
sand under the blowcounts of 3), and evaluate its impact on the CIDH pile 
design in Abut 3. Comment eliminated based on your recent findings 

2) Section 5.6.1 (Page 34 of the Report). 
Please reisr to Section A11.1.1.3 of AASHTO LRFD BDS for the estimation of 
seismic lateral earth pressure on nonyielding bridge abutment, as Yong's 
method (1965) may not be an acceptab1.e approach for the seismic earth 
pressure estimation. 

3) Section 5.6.2 (Page 34 of the Report). 
Please change the word "abutment wall" into "abutment backwall". For the 
seat abutnient in this bridge, it is the baclcwall portion of the abutment 
wall that is designed to break off under longitudinal thrust from the box 
girder in order to engage the passive earth pressure. The soil spring 
behind the stemwall portion of the abutment wall will not be included for 
the bridge seismic analysis in longitudinal direction. 

4) Log of Test Borings. 
I. Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs; 11. Silty clay is not a 
standard group name for fine-grained soils in Caltrans Soil and Rock 
Logging Manual, please revise them. 

5) Appendix E.Lab Test Results 
Consolidation Coefficient (CV) is a function of the effective overburden 
and pre-consolidation stress for a given soil. Please present the 
correlation curve between consolidation coefficient and applied vertical 
pressure, and select the lowest coefficient, or the coefficient value under 
the actual effective overburden by the end of construction for the 
settlement evaluation. 

6) Axial Capacity (Calculation Volume) 
Boring No. R-09-010 was used as the reference boring for the analysis of 
axial p i l ~  capacity at all bridge support locations. This practice will 
ger~erat~ ~slatively conservative results for the determina-tion of pile tip 
under strength and service limit states. However, under the extreme event, 
the dragload produced by the soils above the bottom of liquefaction layer 
in locations other than R-09-010 could be higher than those presented in 
the analysis. The downdrag effect due to soil liquefaction could make what 
is conservative for the strength and service limit states more aggressive 
for extreme event in axial pile analysis. Different load/resistance 
combination may be needed for the seismic-controlled design pile tip. 



Re\~iew Comments for Fo~lndation Reports fol- BR53-303 1, BR53-3 ... 

7) Axial Capacity for Abut 3 (Calculation Volume) 
Based on Abutment 3 Details No.1, the closest pile center-to-center spacing 
is three times of pile diameter, group reduction factor may be needed in 
determining design pile tip elevations. 

8) Axial Capacity for Abut 3 (Calculation Volume) 
The current design pile tips will s-top at cohesive soil layers. Based on 
Section 10.8.3.5.1 of AASHTO LRFD BDS, the contribution to total pile side 
resistance from the bottom one diameter of pile embedment should be 
ignored due to the potential tensile crack in that area. Please extend the 
pile tip by one time pile diameter to reflect the above design 
consideration. 

3) Axial Capacity for all bents (Calculation Volume) 
According to CIDH Pile Details No. 2, the permanent steel casing will be 
used within 26 feet below the top of the shaft to facilitate the 
installation of the column rebar cage to be embedded into the shaft and 
subsequent concrete pour under the dry condition. It is recommended that 
shaft frictional resistance be neglected within the vertical limits of the 
proposed permanent casing. Please revise the shaft axial capacity analysis 
and design pile tips for all bents accordingly. 

10) Axial Capacity for Bent 4 (Calculation Volume) 
For extreme event, the depth to the bottom of soil liquefaction and 
downdrag should be 30 feet (E1.+5 ft minus El.-25 ft) below finished grade, 
instead of 37 ft. 

11) Axial Capacity for Bent 5 (Calculation Volume) 
For all limit states, the depth to the shaft cut-off should be taken as 10 
feet below finished grade (E1.+4 ft minus El.-6 ft), instead of 4 feet. 

12) Lateral Pile Capacity for Abut 3 (Calculation Volume) 
Please consider following point in pile lateral analysis. I. Reduce the 
overburden that is 19 ft above the pile cut-off, and create a more 
conservative soil spring value. 11. Reduce the value of momen-t of inertia 
("I" value) for the CIDH piles, and create a more conservative pile 
stiffness to reflect the cracked condition; or use nonlinear EI in L-Pile 
anal.ysis, based on pile reinforcement information from the contract plans. 
III. Try to limit the maximum bending moment of the piles to the plastic 
moment in the analysis, and revise the boundary condition of the pile, if 
necessary. 

13) Static Settlement 
Eased on LOTBs, sandy lean clay layer was encountered from El. -5 ft to 
El.-1.0 ft, with PP value of 0.25 tsf. However the settlement contribution 
from the above layer has not been addressed in the consolidation analysis. 
Please include them in your future submittal if necessary. 

14) Static Settlement 
The soil profile for New Dock Street On-Ramp Abutment 6 was used for the 
settlement analysis of the Off-Ramp Abutment 3. 

SR 103 Off-Ramp, Bridge No. 53-3034K: 

All applicable review comments from New Dock Street Off-Ramp, plus: 

1) Axial Pile Capacity for Abutment 27 (Calculation Volume) 
Please limit the end bearing to less than 20% of total required nominal 
resistance in determining design pile tip, regardless of what limit state 
we are loolr_ing at. This will reduce the additional settlement (or the 
additional stress on structural member under such settlement) associated 
with the end bearing mobilization. 

2) Axial Pile Capacity (Calculation Volume) 
The average energy corrected blowcounts are all assumed to be 18 for soils 
from El.-25 ft to El.-50 ft in axial pile analysis for all bridge support 
locations. However, the LOTBs at Bents 25 and 26 shows that soils with 



Rcl.\lie\v Comments for Foundation Reports for BR53-303 1, BR53-3 ... 

blo~.~~counts significantly less than 15 were encountered from El.-30 ft to 
El.-40 ft, which requires that the reduction factor for the load transfer 
coefficient be included in axial pile analysis per Reese-O'Neil (1999). 
Please a(1jut the number of blowcounts in axial analysis based on LOTBs for 
Bents 25 and 26. 

New Dock Street On-Ramp, Bridge No. 53-3033 and SR 103 On-Ramp, Bridge No. 
53-30355 

All applicable review comments from BR 53-3031 and BR 3034K. 

Should you have any question, please contact me or Mr. Seungwoon Han at 
(916) 227-4533. 

Thank you. 

Haitao Liu, P.E. 

Transportation Engineer - Civil 
Office of Geotechnical Design South - 1 
Division of Engineering Services 
Department of Transportation, California 

5900 Folsom Blvd. 
Sacramento, CA 95819 
Office phone: (916) 227-0992 
Cell phone: (916) 704-6519 
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C DISAGREE REASONS ARE NOTED 
O ~ O t , l l d E t l i  HAS SEFtN SUPERCEDED BY DESIGN DEVELOPlvlENT 
E ~ O U t S i l O t i  Ol iLY AtlSWER THE OUESTION 

Off Ramp (Bridge No. 53-3034K) Bridges 
SUBMITTAL REVIEW COMMENTS FORM 

Page 1 of 5 

1 

2 

3 

4 

5 

Tab: Ramp Bridges 65% PS&E 

1) Table 5 (Page 28 of Foundation Report). 
Boring No. R-09-010: Please verify the liquefaction potential and 
seismic-induced settlement for the soils from El. -40' to -45' (Silt with 
sand under the blowcounts of 3), and evaluate its impact on the ClDH pile 
design in Abut 3. Comment eliminated based on your recent findings. 

2) Section 5.6.1 (Page 34 of the Report). 
Please refer to Section A1 1.1.1.3 of AASHTO LRFD BDS for the estimation of 
seismic lateral earth pressure on nonyielding bridge abutment, as Yong's 
method (1985) may not be an acceptable approach for the seismic earth 
pressure estimation. 

3) Section 5.6.2 (Page 34 of the Report). 
Please change the word "abutment wall" into "abutment backwall". For the 
seat abutment in this bridge, it is the backwall portion of the abutment 
wall that is designed to break off under longitudinal thrust from the box 
girder in order to engage the passive earth pressure. The soil spring 
behind the stemwall portion of the abutment wall will not be included for 
the bridge seismic analysis in longitudinal direction. 

4) Log of Test Borings. 
I. Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs; 11. Silty clay is not a 
standard group name for fine-grained soils in Caltrans Soil and Rock 
Logging Manual, please revise them. 

5) Appendix E.Lab Test Results 
Consolidation Coefficient (CV) is a function of the effective overburden 
and pre-consolidation stress for a given soil. Please present the 
correlation curve between consolidation coefficient and applied vertical 

pressure, and select the lowest coefficient, or the coefficient value under 
the actual effective overburden by the end of construction for the 
settlement evaluation. 

Patrick Wilson 

(pw), 
Eric Brown (EB), 

K. Arul Arulmoli (KA) 

pW EB I KA 

P W I E B I K A  

PW I EB I KA 

P W I E B I K A  

A 

A 

A 

A I C 

A 

Will comply. Supplemental laboratory tests performed on 
the sample indicate a Plasticity Index (PI) of 12: therefore, 
based upon the Boulanger and ldriss (2006) criteria, this 
layer is determined to be non-liquefiable. Lab test results 
are attached. 

Will comply. Tthe recommendations for seismic lateral 
earth pressure on nonyielding bridge abutments have 
been revised to be consistent with the recommendations 
shown in Section A1 1.1.1.3 of AASHTO LRFD BDS. 

Will comply. We agree that the recommended edit will be 
more clear for the reader and the text has been revised 
per your suggestion. 

I. Will comply. LOTB's have been revised to only show 
SPT blowcounts (attached). 
11. Silty Clay is listed as a soil-type descriptor in Figure 3-3 
(page 42) of the Caltrans SRLPCM for material with a PI 
between 4 and 7. All of the instances where a material is 
described as Silty Clay on the LOTBs, plasticity test 
results indicate a PI between 4 and 7. 

Will comply. Settlement rate calculations have been 
revised to use the lowest consolidation coefficient 
determined from lab testing. Revised settlement 
calculations are attached. 

412012010 

412012010 

4/20/2010 

412012010 

412012010 



RESPONSES FOR ACTION REOD 
A AGREE FULLY WILL COlvlPLY 
B AGREE PARTLY SEE NOTED EiCEPTlOElS 
C DISAGREE REASONS ARE 1lOTED 

Off Ramp (Bridge No. 53-3034K) Bridges 
SUBMITTAL REVIEW COMMENTS FORM 

D COlillvlENT HAS BEE11 SUPERCEDED BY DESlGil D iVEL3Pt , IE l l i  
E OUESTION OhiLY ANSWER THE OUESilOi l  

6 

7 

8 

Page 2 of 5 Tab: Ramp Bridges 65% PS&E 

6) Axial Capacity (Calculation Volume) 
Boring No. R-09-010 was used as the reference boring for the analysis of 
axial pile capacity at all bridge support locations. This practice will 
generate relatively conservative results for the determination of pile tip 
under strength and service limit states. However, under the extreme event, 
the dragload produced by the soils above the bottom of liquefaction layer 
in locations other than R-09-010 could be higher than those presented in 
the analysis. The downdrag effect due to soil liquefaction could make what 
is conservative for the strength and service limit states more aggressive 
for extreme event in axial pile analysis. Different loadlresistance 
combination may be needed for the seismic-controlled design pile tip. 

7) Axial Capacity for Abut 3 (Calculation Volume) 
Based on Abutment 3 Details No.1, the closest pile center-to-center spacing 
is three times of pile diameter, group reduction factor may be needed in 
determining design pile tip elevations. 

8) Axial Capacity for Abut 3 (Calculation Volume) 
The current design pile tips will stop at cohesive soil layers. Based on 
Section 10.8.3.5.1 of AASHTO LRFD BDS, the contribution to total pile side 
resistance from the bottom one diameter of pile embedment should be 
ignored due to the potential tensile crack in that area. Please extend the 
pile tip by one time pile diameter to reflect the above design 
consideration. 

P W I E B I K A  

P W I E B I K A  

pw EB I KA 

A 

A 

A 

Will comply. All six borings1CPTs were used to generate 
the idealized soil profile used in the pile analysis. We 
agree that the downdrag elevation for determining the 
seismic-controlled (extreme event) design pile tip 
elevation should be based on the nearest soil boring or 
CPT sounding. Different bottom of liquefiable layer 
elevations were used at each support. As shown in the 
calculation volume, the elevation to the bottom of the 
liquefiable layer was based on R-09-010 for abutment 3 
and bent 4, CPT-09-064 for bent 5, R-09-012 for bent 6, R- 
09-013 for bent 7. and R-09-015 for bent 8. This appears 
to comply with your comment. 

Will comply. Per our discussions with the designer, 1 pile 
will be added at this abutment. We have revised our axial 
pile capacity calculations to include an average pile group 
reduction factor of 0.93 at Abutment 3. The evaluation of 
the group reduction factor and revised axial pile capacity 
calculations for Abutment 3 are attached. 

Will comply. Revised axial pile capacity calculations are 
attached. 

4/20/2010 

4/2012010 
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DATE 

412012010 

412012010 

4/20/2010 

NO. 

9 

10 

11 

Reviewed By: 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. COMMENTS 

9) Axial Capacity for all bents (Calculation Volume) 
According to CIDH Pile Details No. 2, the permanent steel casing will be 
used within 26 feet below the top of the shaft to facilitate the 
installation of the column rebar cage to be embedded into the shaft and 
subsequent concrete pour under the dry condition. It is recommended that 
shaft frictional resistance be neglected within the vertical limits of the 
proposed permanent casing. Please revise the shaft axial capacity analysis 
and design pile tips for all bents accordingly. 

10) Axial Capacity for Bent 4 (Calculation Volume) 
For extreme event, the depth to the bottom of soil liquefaction and 
downdrag should be 30 feet (E1.+5 ft minus El.-25 ft) below finished grade, 
instead of 37 ft. 

11) Axial Capacity for Bent 5 (Calculation Volume) 
For all limit states, the depth to the shaft cut-off should be taken as 10 
feet below finished grade (El.+4 ft minus El.-6 ft), instead of 4 feet. 

RESPONSE BY: 

P W I E B I K A  

P W I E B I K A  

PW I EB I KA 

ACTION 
REQ'D 

D 

A 

A 

RESPONSE 

As a result of design development and discussions with 
the designers, the CMP permanent casing has been 
replaced with driven permanent steel casing. The driving 
resistance of the permanent steel casing will be specified 
in the Pile Data Table; therefore, the skin friction along the 
length of the permanent casing (based upon APl 
methodology) has been included in the design. The axial 
pile capacity calculations for the controlling limit case 
(Strength Limit State) for the bents have been revised. A 
sample revised calcuation for Bent 4 and the revised pile 
data table are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 
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12) Lateral Pile Capacity for Abut 3 (Calculation Volume) 
Please consider following point in pile lateral analysis. I. Reduce the 
overburden that is 19 ft above the pile cut-off, and create a more 
conservative soil spring value. II. Reduce the value of moment of inertia 
("I" value) for the ClDH piles, and create a more conservative pile 
stiffness to reflect the cracked condition; or use nonlinear El in L-Pile 
analysis, based on pile reinforcement information from the contract plans. 
Ill. Try to limit the maximum bending moment of the piles to the plastic 
moment in the analysis, and revise the boundary condition of the pile, if 
necessary. 

13) Static Settlement 
Based on LOTBs, sandy lean clay layer was encountered from El. -5 ft to 
El.-10 ft, with PP value of 0.25 tsf. However the settlement contribution 
from the above layer has not been addressed in the consolidation analysis. 
Please include them in your future submittal if necessary. 

P W I E B I K A  

P W I E B I K A  

A 

A 

I. The apparent discrepancy arises from the facts that the 
LPile program does not allow the bottom of a soil layer to 
be above the pile cut-off, and the water table is not directly 
entered (it is accounted for by inputting the correct 
effective unit weight and subgrade modulus values based 
on saturatedldry conditions). 

At abutment 3, the top of the embankment is at about 
elevation +20 ft. Finished grade is at about elevation +7 ft. 
Taking the average of the top of the embankment and 
finished grade gives +13.5 ft. The design water table is 
conservatively located at elevation +5 ft. Pile cut-off is at 
+ I  ft. So the overburden can be estimated by including 4 ft 
of buoyant soil unit weight plus 8.5 ft of dry soil unit 
weight, which is about 1260 psi. Due to the LPile soil 
layering constraints mentioned above, we modeled the 
overburden using a 19 ft layer, with buoyant unit weight. 
which gives an overburden of about 1140 psf, which is 
slightly below the estimate above (conservative). 

II. Will comply. The revised lateral pile analysis includes a 
"cracked" El value equal to 80% of the gross El for the pile 
for service and strength limit state (0.25" lateral pile top 
deflection) and 50% of the gross El for the extreme event 
limit state (greater than 0.25" lateral pile top deflection). 
Revised lateral pile capacity calculations are attached. 

Ill. Based upon our conversations with the bridge 
designers, the pile reinforcing has been designed to have 
sufficient capacity to handle the moment demands. 

Will comply. The settlement calculations have been 
revised to account for the compressible layer between 
elevation -5 and -10 ft. The revised settlement calculations 
are attached. 

412012010 

412012010 
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RESPONSE BY: 

P W I E B I K A  
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DWG NO./ SPEC 
NO./ SECTION 
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ACTION 
REQ'D 

A 

A 
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Reviewed By: COMMENTS 

14) Static Settlement 
The soil profile for New Dock Street On-Ramp Abutment 6 was used for the 
settlement analysis of the Off-Ramp Abutment 3. 

1) Axial Pile Capacity for Abutment 27 (Calculation Volume) 
Please limit the end bearing to less than 20% of total required nominal 
resistance in determining design pile tip, regardless of what limit state 
we are looking at. This will reduce the additional settlement (or the 
additional stress on structural member under such settlement) associated 
with the end bearing mobilization. 

2) Axial Pile Capacity (Calculation Volume) 
The average energy corrected blowcounts are all assumed to be 18 for soils 
from El.-25 ft to El.-50 ft in axial pile analysis for all bridge support 
locations. However, the LOTBs at Bents 25 and 26 shows that soils with 
blowcounts significantly less than 15 were encountered from El.-30 ft to 
El.-40 ft, which requires that the reduction factor for the load transfer 
coefficient be included in axial pile analysis per Reese-O'Neil (1999). 
Please adjust the number of blowcounts in axial analysis based on LOTBs for 
Bents 25 and 26. 

RESPONSE 

Yes this is correct. Because the two bridges are located 
close to one another, based upon the subsurface 
exploration, the same idealized soil profile was originally 
used for both locations. However, based on comment #13, 
the settlement calculations for New Dock Street Off-Ramp 
have been revised to account for the clay layer 
encountered in Boring R-09-010 between elevation -5 and 
10 ft. The revised settlement calculations are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 

Will comply. Axial pile capacity calculations have been 
revised to incorporate a reduced load transfer in soil 
layers with blowcounts less than 15 blows per foot, where 
applicable. The revised axial capacity calculations and pile 
data table are attached. 
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May 7,2010 
EM1 Project No. 06-123-03 

Alameda Cosridor Transportation Authority 
One Civic Plaza, Suite 350 
Carson, California 90745 

Attention: Mr. Lucien Hersh, P.E. 
Project Manager 

Subject: Final Foundation Report, New Dock Street 011-Ranzp, Bridge No. 53-3033 
Los Angeles County, Califorizia, (7-LA-47, PM3.74, EA 238501) 

Dear Mr. Hersh: 

Attached is our Final Foundation Report for the subject bridge. This report presents the results of 
our analyses and recommendations for design and construction of the bridge foundation for the 
subject bridge replacement. 

The Foundation Report for the subject bridge, dated February 8,2010, was submitted to Caltrans. 
The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed the report and provided 
their comments on March 23,2010. E M  developed responses to the OGDS-1 review comments 
and submitted them on April 20, 2010. OGDS-1 review comments and EM1 responses are 
included in Appendix I. The responses to these review comments have been incorporated into 
this Final Foundation Report. 

We appreciate the opportunity to provide geoteclznical services for this project. If you have any 
questions please call us. 

Sincerely, 
EARTH MECHANICS, INC. 

Patrick Wilson, PhD Eric Brown, GE 
Staff Engineer 

Project Manager 

Senior Engineer 

17660 Newhope Street, Suite E, Fouiitain Valley, Califoniia 92708 Tel: (7 14) 75 1-3826 Fax: (7 14) 75 1-3928 
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1.0 INTRODUCTION 

1.1 Purpose and Scope of Work 

Tlis Foundation Report presents the findings and conclusions of a geoteclmical investigation 
conducted by Earth Mechanics, Inc. (EMI) for the proposed New Dock Street On-Ramp 
(Replace) in Los Angeles County, California (Bridge No. 53-3033). The report has been 
prepared in general accordance with Caltrans Guidelines for Foundation Investigation and 
Reports (Caltrms, 2006e) It presents results of our foundation analysis and provides design and 
constructioii reconlmendations to assist the bridge designers in preparing the project Plans, 
Specifications, and Estimates (PS&E) for the project. 

The geotechnical services provided for tlgs project included the following tasks: 

43 Collection and review of existing geotecl~cal  information; 
8 Field exploration consisting of drilling, sampling and logging exploratory borings; 
0 Laboratory testing of selected bulk and relatively undisturbed soil samples; 
0 Engineering analysis to develop foundation design and construction recommendations; 
o Preparation of this report presenting our findings, conclusions, and recommendations. 

6.2 Project Description 

The Schuyler Heiin Bridge Replacement and State Route-47 (SR-47) Expressway Project is a 
joint partnership between Caltrans and the Alameda Corridor Transportatioil Authority (ACTA). 
The project proposes to replace the seismically deficient Schuyler Heim Bridge over Cerritos 
Channel and add a four-lane elevated roadway connection to Alarneda Street that will bypass 
three signalized intersections and i?ve at-grade railroad crossings. The location of the project is 
shown in Figure 1. 

The proposed Schuyler Heiin Bridge replacement coilsists of replacing the existing vertical-lift 
bridge with a fixed bridge with an elevated profile to provide a minimum vertical clearance of 
47 ft in the Cerritos Channel and maintain a navigable width of 180 fi w i t h  the channel. The 
proposed bridge replacement project includes bridge structures along the southbound exit ramps 
and 1101-thbound entrance ramps at New Dock Street and State Route-1 03 (SR-103). This report is 
prepxed for the replacement of the New Dock Street On-Ramp structure (Figure 2). 

The proposed New Dock Street On-Ramp is a three-span Cast-in-Place (CIP) prestressed 
concrete box girder bridge supported on a single seat type abutment and two single-column 
bents. The north end of the struck~e terminates at an expansion joint where the New Dock Street 
On-Ramp abuts the mainline structure approximately 25 ft south of Bent 9 of the mainline. The 
bridge deck varies in width up to about 37 ft and is approximately 394 ft long. 

The typical bridge bent has a single column with each column supported on a single 10 fi 
diameter Type I1 cast-in-drilled-hole (CIDH) pile. The abutments are supported on 2.5-foot 
diameter CIDEI piles. 
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1.3 Existing Bridge Information 

Tlie existing Scliuyler Heim Bridge is a 45-span structure a id  is approximately 3,975 feet long 
and varies from about 80 to 130 feet wide. On the as-built drawings, the New Dock Street On- 
Ramp is shown as part of'the mainline structure with six spans and is identified between "On 
Bent No. 1" and "On Abutment No. 6" with an approximate length of about 585 ft and deck 
width of about 30 ft. 

Based on the as-built plans, the existing bridge is supported on a combination of timber piles and 
14BP73 driven steel piles. Steel piles with a design loading of 40 tons are used at the abutments 
and timber piles with a design loading of 22 tons are used at the bents. 

Copies of selected sheets from the as-built drawings for the existing Schuyler Heim Bridge 
relevant to the New Dock Street On-Ramp are provided in Appendix A. 

1.4 Limitations 

This report is intended for use by Alarneda Corridor Transportation Authority (ACTA), its 
design team niembers and the California Department of Transportation (Caltrans) for the 
proposed New Dock Street On-Ramp (Replace). This report is based on the project as described 
herein and the information obtained from the exploratory borings at the approximate locations 
indicated on the attached plans. The findings and recommendations contained in this report are 
based on the results of tlie field investigation, laboratory tests, and engineering analyses. Also, 
soils and subsurface conditions encountered in the exploratory borings are presumed to be 
representative of the project site; however, subsurface conditions and characteristics of soils 
between exploratory borings can vary. Findings reflect an interpretation of the direct evidence 
obtained. Recornmendatioris presented herein are based on the assumption that an appropriate 
level of quality control and quality assurance (inspections and tests) will be provided during 
construction. E-MI should be notified of any pertinent changes in the project plans or if 
subsurface conditions are found to vary from those described herein. Modifications to the project 
plans or variations in subsurface conditions may require re-evaluation of the recommendations 
contained in this report. 

The data, opinions, and recommendations contained herein are applicable to the specific design 
elements and locations which are the subject of this report. Data, opinions, and recommendations 
herein have no applicability to any other design elements or to any other locations, and any and 
all subsequent users accept any and all liability resulting from any use or reuse o f  the data, 
opinions, mid recommendations without the prior written consent of EMI. 

EM1 is nor responsible for construction means, ~nethods, techniques, sequences, or procedures, 
or for safety precautions or progranis in connection with the const~~lction, for the  acts or 
omissions of !he Contractor, or any other person performing any of the construction, or for the 
failure of ally worker to carry out, the constnlction in accordance with the Final construction 
drawings and specifications. 

Services perfi>mled by EhlP were conducted in a manner consistent wit11 that level o f  carc and 
slull ordinarily exercised G J ~  members of the profession currently practicing in the same locality 



under similar conditions. No other representation, expressed or implied, and no warranty or 
guarantee is included or intended. 







2.0 FlELD INVESTIGATION AND LABORATORY TESTING 

2.1 Existing Information 

Existing subsurface infolmation beneath the Schuyler Heim Bridge is available from reports 
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, Inc. (MAA, 1993) 
and Diaz-Yourman and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler 
Heini Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade 
Seyaratioll Project, respectively. From these three sources, the only boriiigs in the vicinity of the 
New Dock Street On-Ramp were those shown on the as-built Logs-of-Test-Boring (LOTB) 
sheets prepared by LKR for the seisiiiic retrofit of the Schuyler Heim Bridge. 

For the seismic retrofit project, a total of 20 cone penetration test (CPT) soundings and five 
rotary wash borings were performed along the entire Schuyler Heim Bridge alignment. Of those 
CPT's and borings, four CPTs and one auger boring were performed near the subject bridge site. 
The auger boring penetrated to a depth of 157 ft and a tip elevation of -159 ft. The CPT 
so~~idings  penetrated to depths between 100 and 138 ft below existing grade with a deepest 
penetration to an elevation of -140 ft. 

Copies of the LOTB sheets prepared by LKR for the seismic retrofit study are provided in 
Appendix B. 

2.2 Supplemerekal Field Exploration 

A geoteclmical field investigation was conducted by EM1 for the entire project between October 
and November, 2009 which included a total of eight hollow-stem auger borings, 42 rotary wash 
borings and 38 CPT soundings. Of that exploration program, three rotary wash borings and three 
CPT souildings were performed in the vicinity of the New Dock Street On-Ramp. The purpose of 
the exploratio~s was to log subs~lrface conditions and collect soil samples from locations near the 
proposed bridge supports. Soil exploration information is summarized in Table 1. Approximate 
locations of the explorations performed by EM1 for this project are shown on Figure 3 and on the 
LOTB sheets included at the end of this report. Upon completion, the exploration locations were 
surveyed by Wagner Engineering & Survey, Inc. (WES) under a subcontract with EMI. 

2.2.1 Soil Borings 

All of the borings surrounding the proposed bridge were performed at grade in the undeveloped 
area near or beneath the existing New Dock Street On-Ramp bridge, east of the mainline 
structure. The deepest boring penetrated down to about elevation -166 ft, approximately 165 ft 
be1 ow gro~md surface. 

The borings were performed by C&L Drilling Co. (C&L) and SoCal Drilling Co. (SoCalj, under 
a subcontract with EMI, using a truck-mounted drill rig equipped with 5-in diameter tri-cone 
drill bit and a mud-rotary circulation drill system. Subsurface soils and conditions were logged 
and samples of soils were collected for laboratory testing. Large bulk samples of near-s~rface 
soils virzre logged and collected. Ssnaller soil samples were collected from borings generally at 
5 f t  vertical inter~als by means of split-spoon drive sainplers; the Standard Penetration Test 
(SPT) s a ~ p l e r  and the Pdodified Calizornia Drive (MCD) sxnplcr were used to collect snlall 



disturbed and relatively undisturbed samples, respectively. Tile MCD is a split-barrel san1pler 
wit11 a tapered cutting tip and lined with a series of 1 inch tall brass rings. The SPT sampler (1 4 
inch ID) and MCD sampler (2.4 inch ID, 3.25 inch OD) were driven using a 140 pound hanmier 
falling 30 inches down a total depth of 18 inches or until refusal. The blowcounts for the last ft of 
penetration were recorded on the boring logs. 

As part of the field investigation, SPT hammer energy measurements were performed by 
EarthSpectives (ES) under a subcontract with EM1. Based on those measuren~ents, the average 
harmer  efficiency was 62 percent in the borings perfomed by C&L, and 79 percent in the 
borings perfo~med by SoCa!. A copy of the ES report is provided in Appendix C. 

Boring geophysical measurements were also collected by GeoVision (GeoVision 2009) under a 
subcontract with EM1 in six uncased borings as part of the project. Coinpression (P) and shear 
(S) wave velocities were measured along the entire boring depth at the six selected boring 
locations. A copy of the GeoVision report is provided in Appendix D. 

Table 1. Soil Exploration Information 

Approx. Approx. Bottom of Approx. Approx. Approx. 
Boring Line Station Offset (ft) GSE (ft) GWE Boring Elevation Method 

(ft) (ft) 

213G1.5 61.5 L,t -1.0 -10.0 -151.3 RW 
.- -- - .- -. - - - - -- - . . - 

215+76.1 61.3 Lt -1.3 -5.3 -167.8 RW 
-- .. . 

"C" 2 16+6S .2 8.6 Rt -0.8 -7.8 -151.3 RW 
- - -- . . . .- 

Line 215+17.8 8.3 Lt -0.8 NR -91.4 CPI' 
.- - . .. --- -. ... . .. 

213t86.4 61.3 Lt -0.8 iVR -103.2 CPT 
- -- - --- . . . -- 

215+81.1 61.0 Lt -1.3 NR -98.9 CPT 

l\:otes: 1. Boringperformed by C&L. Drilling Co. 
2. Boriag performed by SoCalDrilling Co. 
3. G WE = Groundwater Elevation. 
4. GSE = Grozmd Surface Elevation (estinzatedJi.om topographic plans). 
5.  TO,^ gf Boring Elevation Based on NA VD88. 
6. R W - Rotary Wash, CPT = Cone Penetration Test. 
7. NR = Not Recorded. 

2.2.2 CP'T Soundings 

Tkie CPT soundings were also perfo~~ned at gade  in t'ne undeveloped area near or beneath the 
existing New Dock Street on-ramp stlucture, east of the main bridge smmctwe. The  deepest 
sounding was advanced down to elevation -102.7 ft, approxim~tely 193."; below ground 
surface. 

Cone Penetration Test (CPT) soundings were performed by Middle Ea t~h  Geo 'Testing, Inc. 
(Middle Earth) under a subcontract with E M .  The CPT soimdjng was performed using an 
eiectroric ccprre pei~etrometer in general accordance with the stl~l-eu~l ASTh4 Stmdards (A-STM 



D5778 and ASTM D3441). The CPT equipment consisted of a cone penetrometer assembly 
mounted at the end of a series of liollow sounding rods. The cone penetronleter assembly 
consisted of a conical tip wit11 a 60' apex angle and a projected cross sectional area of 1.55 in2 
(1 0 em2) and a cylindrical friction sleeve with a smface area of 23.25 in2 (1 50 cm2). The interior 
of the cone penetrometer is instrumented with strain gauges that allow simultaneous 
measuremellts of cone tip and friction sleeve resistance dwing penetration. The cone 
penetrometer assembly is contilluously pushed into the soil by a set of hydraulic rams at a 
standard rate of 0.74 inch per second (20 mnl per second) while the cone tip resistance and 
sleeve friction resistance are recorded every 1.967 inches (50 nlm) and stored in digital f om.  A 
specially designed all wheel drive 25-ton tmclc provides the required reaction weight for pushing 
the cone assembly and is also used to transport and house the test equipment. The computer 
generated graphical logs include cone resistance, friction resistance, and friction ratio. Soil 
behavior type inteipretatjons are based on guidelines by Robertson and Campanella (1989). 

2.3 Laboratory Testing 

Laboratory tests were performed to determine relevant physical characteristics and engineering 
properties of soils that exist at the site. Selected soil samples were tested to determine soil 
classificati~n and physical and engineering properties. A list of tests performed, the 
corresponding test methods, and purpose of testing is presented in Table 2. 

The laboratory soil tests were conducted in general accordance with California Test (CT) 
methods or American Society for Testing and Materials (ASTM) standards. Test results are 
shown on the EOTR sheet at the end of the report and in tables in Appendix E. 

'B'able 2. Explanation of Laboratory Tests Performed 

Applicable Test 
Type of Test Method Purpose Test Results 

Location 

Dry Density ASTM' D 2937 Estimate in-situ soil density Appendix E 
- 

Moisture Content ASTM D 2216 Estimate in-situ soil moisture content Appendix E - -- -- 

No. 200 Wash ASTM D 1140 
Determine the percentage of fine grained Appendix E 

particles of soil 

Sieve & Hydrometer ASTM D 422 Determine particle size distribution of soil Appendix E 
- 

Atterberg Limits ASTMD 4318 Determine plasticity of fine-grained soil Appendix E 

Specific Gravity ASTM D 854 Determine degree of saturation Appendix E 

Consolidatio~ ASTM D 2435 Determine compressibility of soil Appendix E 

UU Trinxial Test ASTM D 2850 Estimate strength parameters of soil Appendix E -- - -- -- -- ---- - .- ---- ---- - - - 
Direct Shear ASTM D 3080 Estimatt: strength parameters of soil Appendix E 

-- -- -- - --- 
Soil pH CT' 532/643 Determine conosion potential of soil Appendix E 

-- - -- --- -- -- - -- -- -- -- -- -. -- - - -- - - - -- - ---- - - - - 
Miaimvrn Resistivity CT 5321643 Determine corr~sion potential of soil P,pp endix E 

- - - - ----- -- . -.-- - - - 
Sulfcite Co~terrt CT417 Determine corrosion potential of soil App endix E 

- ---- - - -- -- -- - - 
Cliioride Content CT 422 Deteraine corrosion potentis! of soil Appecdjx E -.-- ----------------------.- 

f i r ~ :  i. ASTAil.: - 4ineiaicnn Socieljlfor Testing and h1aterials; :7T = Calfordia Teit h4zt/23~?. 





3.0 GEOLOGY 

3.1 Physiography 

The Schuyler Heim Bridge spans the Cei-ritos Channel in the Pol% of Long Beach. Like most of 
the shipping channels within the port, the Cerritos channel is a man-made channel that was 
dredged into the forn~er Wilmington Lagoon which was a coastal marshland with abundant tidal 
channels, estuaries, and small marshy islands. The site area is in the coastal area of San Pedro 
Ray wilhin Los Angeles Basin (Figure 4). Los Arlgeles Basin is a large low-lying coastal plain 
bo~ciered by the Sarita Monica Mountains on the north, the Repetto and Puenre Hills on the 
nortl~east, the Santa h a  Mountains on the east, and the San Joaquin Hills on the south (Figure 
4). The westem margin of the basin is opeli to the Pacific Ocean except for one prominent hill: 
the Palos Verdes Hills which is a pellinsula separating Sarlta Molrica Bay 011 the north from San 
Pedrcl Bay. The Palss Verdes Hills are a result of uplifi along the Palos Verdes fault zone 
(Schell, 2007). 

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along 
the coastline to the surrounding n~ountains which then rise abruptly to a few thousand feet above 
the plain. The ruargjns of the hills and mountains ~~xrrounding the basin are; commonly elevated 
somewhat above the general level of these major plains by an apron of uplifted sediments such as 
the La B ~ e a  Plain, Muntebello Plain, Santa Fe Springs Plain, and the Coyote Hills. 

The ilat basin floor of the Los Angeles basin is interrupted in a few localities by small hills s~lch 
as the northueslerly alignment of hills and mesas called the Newport-Inglewood Stmctural 
Zone-NISZ (Figwe 4). The NlSZ extends from the Newport Bay area on the south to the Beverly 
Hills area un the north, a id  is a result of geologically recent folding and earthquake fault 
displacer~~t:rtts. N LSZ divides the basin floor into two major plains, The Downey-Tustin 
Plain on the ao~?heast and the Torrance plain (includiag the L,ong Beach Plain) on the southwest. 
The part of  the NISZ nearest the site is at Signal Hill to the northeast (Figure 5). 

Major R;,-\rers in the L,os Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers. 
These rivers enter the basil1 though valleys or canyons in the stmounding mountains such as Los 
Angeles Narrows, 'Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin 
floor, tl~roug'n gaps in the NLSZ, to the coasi. At present these rivers along with nearly all minor 
tsjb~~taries i ~ ;  the I3asin cnye conijned within concrete-or rip-rap-lined channels but in the natural 
state they meandered back and forth across the Basin floor, commonly shifting outlets. Fos 
example: the Los 4ugeles Kiver at one time flowed westerly into Santa Monica Bay tlvouglz 
Ballona gap and the Sa?l Gabriel River flowed into Wihington Lagoon which is nom7 occgpied 

the POI? of 1.0s P~ngeles. A! presect, the Los hgeles River ilows to the Port of Long Reach- _ 
r . -  
.,81b Atageles area. 

The floor of ?lie Los .4i1gelt:s Basin is directly unclerlain by lln~onsolidated Quateri~ary-age sandy 
sedimezts. These geneally can be subdivided into loose unconsolidated I-Iolocene-age sediments 
which czver the bulk of the basin, and the underlying Pleistocene-age materials of the Lakewood 
md Sari Pedro fo:-mations v;hich are only exposed in some of the uplifts of the NISI, and the 
marginal ylajns. E-Iuci rocks occur only in the i~ id~ l t a i n s  swrom-ding the basin md at depths 
ranging from a few tFisrds;uld feet to as 1371~ch as 30,000 feet in the deepest part of celltral Los - 

Algeles Basin. 



Except for the Newpoi-t-Inglewood and the Palos Verdes fault zones, inost s~trface geological 
faults such as the Santa Monica, Hollywood, and Whittier faults occur along the basin margins 
(Figure 4). In Addition to these luiown surface faults, the Los Angeles region is underlain by 
buried tluvst and reverse faults. These are poorly understood features with poorly lulown 
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which 
make up the Puente Hills blind thrust fault system, are examples (Figure 4). However, any large 
earthquakes associated with these subsurface features are most likely to originate at great depths 
(e.g. about 10 to 12 miles), and thus these should not impact the subject site significantly more 
than similar-sized earthquakes on the nearer Newpoi-t Inglewood or Palos Verdes faults. The 
1987 Whittier earthquake occurred on one of these subsurface faults (either the Santa Fe  Springs 
or the Coyote Hills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel 
Valley northeast of the site. The 1994 Northridge earthquake occu~l-ed on a southerly dipping 
busied fatilt below the San Feinando Valley. 

3.2 Stratigraphy 

The project area is underlain by a sequence of geologic strata consistent with the general 
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart 
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles 
mea. Review of the borehole logs drilled for this project, along with existing boring logs from 
other geotechlical studies and from published sources (e.g. Zielbauer, et al., 1962; Wright 1991 ; 
U.S. Geological Survey, 2007; Schell, 2007), indicates similar strata. 

The uppzmost deposits of most significance to the project were deposited during the last ice age 
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise in sea level 
was not constant but comprised several fluctuations. Interaction between the fluctuating sea level 
and sedjmentary deposition from idand streams resulted in a co~nplex association of' irregular 
and discontinilous beds a ~ d  lenses of marine and non-marine sedimentary strata. The major 
stratigraplric units underlying the project corridor are summarized below: 

1) The swficial strats consist of sandy alluvium deposited by streams of the Los Angeles 
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along 
the coast during the past few thousand years (- past 5,000 to 7,000 years). These are 
about 20 to 30 feet thick 

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays 
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits 
occur at depths of about 25 k5 to 70 h10 feet and represent primarily marine sediments 
deposited d~u-ing the later stages of the inost recent rise in sea level that began about 
15,C)OO LO 20,000 jiears ago. However, these deposits commonly contain sand and fine 
gavzl lenses deposited by seasonal river flooding during intermittent wetter periods and 
stonns iniand. 

3) These are underlain by the Gaspur Formation which is coarser grained smd and gravel 
material deposited in a relict channel of the Los Angeles River that was cut when sea 
level was lower d~wiag the last ice age. As the climate warmed, sea level rose due to 
melting ice at the Polar ice caps and the shore line retreated inland. The G a s p ~ r  is about 
70 *iO feet to about I90 feet deep and consists of an upper primarily sandy unit and a 
deeper coarser sand and gravel unit. The gravels of the Gaspur channel extend fa inland 



and comprise a nlajor aquifer in the Los Angeles area. 
4) The Gaspur cl~a~ltlel was cut into older Pleistocene material of the Lakewood Formation 

wl~ich is about 160 to 300 thousand years old. The Lakewood is partially marine and 
partially non marine that was deposited during previous Pleistocene ice ages. Ldcewood 
sediments were intermittently exposed to swficial weathering resulting in desiccation, 
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to 
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Formation. 

5) The San Pedro Formation extends to about 1100 *50 feet depth and comprises gently 
tilted marine silts and sands overlying the folded Tertiary-age marine deposits (Pico, 
Kepetto, Fernando formations), and the ancient igneous and metamorphic basement rocks 
at a depth of about 10,000 feet. 

Table 3. Stratigraphy and Correlation Chart, Long Beach Area 

California 
Zielbauer Dept. of 

Geologic Sequence Formati011 
(USGS, 2007) 

Age Estimate and others Water 
Series (1962) Resources 

(1961) 
Dunell3 each Sand, 

Coastal Marsh, 
Holocene Transgressive Marine, Dominguez 4 5  ka Gaspur Gaspur 

Stream 
Alluvium 

Mesa Latest Pleistocene 
(-30-80 ka) Older Dune Sand, - -- - 

Stream Alluvium, Near- pacific Early 0 stage 5 
LJpper shore Marine. - -- - -- -- - -- -- (110-130 -- ka) -- --- 200 A: sand Gage 

I.akewood Fm (Marine Constrained between 
and Non Marine) Harbor 0 stage 5 and 9 

(-160-300 ka) 

0 stage 9-1 1 Bent Spring (-300-450 ka) . - 400 f3 gravel Lynwood 
Upper 0 stage 12-14 

Lower stage 15-17+ 

Lower Wilmington (-5 80-<780 ka) 
Sari Pedro Formation 

Pleistocecs -2.0 Ma or >2.6 Ma Upper 
from magnetic Silverado Pliocene A polarity and Silverado 
paleontology 

-- -- --- --- -- -- -- a - - 

from magnetic Lower Pliocene B polarity and Silverado 

>2.6 Ma from 
TJpper Pico/Fel~-lando Pliocene C inagcetic polarity aod Pico Pico Pliocene F~nnatiun 

- -- paleontology 



Units 1 tlzrougl~ 3 were penetrated by many of the deeper on-land borings drilled for this 
investigation. Most of the recovered gravel and the sandy gravellgravelly sand samples are from 
the Gaspur Fonnation. The over-water borings generally penetrated deeper and extended tlxough 
the Gaspur into the upper part of the Lakewobd Formation. Other units of the stratigraphic 
successioil (e.g. the Mesa and Pacific parts of the Lakewood Formation) are present in areas 
adjacent to the project area but were eroded away by the erosion that accompanied deposition of 
the Gaspur sediments and therefore are not important to the project. Likewise, the San Pedro 
formation is deep below the site and is not important to the project. 

3.3 Geologic Structure 

'The regional- geological-structure -was- int roducehabo~e~k~e~geologicalSeing.  _The project 
area is near the crest of the Wilmington Anticline (Figure 5 )  wlich is a west-noi-thwest trending 
fold S11 the Tertiary-age strata (Figure 6). As shown 011 Figure 6, the Holocene and late 
Pleistocene strata (Lakewood Formation) form a thin veneer across the Wilmington fold and 
appear to be unaffected by the deeper folding and faulting. 

'There are no known active faults at the project site. The nearest major active faults are the Palos 
Verdes fault to the southwest and the Newport-Inglewood (Cheiry Hill segment) to the northeast 
(Figures 5 and 6). The Thums-Huntington Beach fault is deep below the surface (Figure 6). This 
fault is a thrust fault dipping northeasterly at about 25-35 degrees. Some geoscientists suspect the 
fault is a potentially active blind tlmst fault but high-resolution geophysical data clearly show 
the faull does not displace sediments younger than 3 or 4 million years old (Schell, 2007). 
Furthenmore, the fault displacement diminishes toward the northwest and is virtually nil under 
the project area (Figures 5 and 6). 

3.4 Seismicity 

'The project site is in seismically active southern California. The present-day seisnlotectolic 
stress field in the Los Angeles region is one of north-northeasterly compression. This i s  indicated 
by the geologic stmctures, by earthquake focal-mechanism solutions, and by geodetic 
measurements. These data suggest crustal shortening of between 5 and 9 d y r  across the 
gi-eater Eos Angeles area (Argus et al., 1999). 

I-lislorical earthquake epicenter maps show widespread seismicity throughout the region. The 
larger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose 
clusters zlong the Nevrport-Inglewood Sti-uctural Zone, along the southern margin o f  the Santa 
!?/Ionica Moiintains, dong Ulr, northern side of the S m  Fernando Valley, the southern margin of 
the Sari Gabriel Mountains, and in the Coyote Hills-Puente Hills area. Although historical 
earthquakes have occurred in proximity to knowil faults, they are often difficult to  directly 
associate with rnappeci faults ~~rdess there m7as a surface rupture or a robust seql-lenct: of 
afteishocks. Ward (2994) estimated that about 40 percent of seismic moment can not be 
correlated with kr1ov.m faults. Part of the correlation difficulty is due to the fact that the basin is 
underlain by the subsurface blind thrust faults that are not likely to be discovered umtil they 
rupturc: during an earthquake. 



The largest historical eai-tl~quakes in the region were the 1994 Noi-tlxidge and the 1971 Sail 
Feinando earthqualte both of which occurred north of the Los Angeles Basin (Figure 7). The 
1994 earthquake had a moment magnitude (MW) of about 6.7 (MS = 6.8, ML = 6.4), and 
occurred on a southerly dipping subsurface fault which was unlulown prior to the earthquake. 
The main shoclc occuned at a depth of about 12 iniles below the community of Reseda in the San 
Fernando Valley. Earthquake aftershoclts clearly defined the rupture surface dipping about 35 
degrees southerly from a depth of about 1 or 2 miles to 14 iniles (Hauksson, 1995). The 
causative hult was never identified with certainty, but it may have been on the eastein extension 
of the Oalcridge fault (Yeats and Huftile, 1995), a southerly dipping fault bounding the Ventura 
Basin and dipping under the Santa Susala Mountains. 

The 1971 San Felnando earthquake was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the 
1994 event but did involve surface rupture. The 1971 event occurred on a noi-therly dipping 
thnlst fault that dips from the northern side of the San Fernando Valley to a depth o f  abo~lt 9 
miles under the San Gabriel Mountains. Several mapped s~rface faults such as the Sylmar fault, 
Tujunga falilt, and Lakeview fault were involved. These faults are commonly considered to be 
part of the Siei~a Madre fault system which extends easterly along the southern margin of the 
San Gabriel Mountains from the San Fernando Valley to the north side of the San Gabriel 
Valley, and to the Cucamonga fa~llt in the San Bernasdino area. 

The largest historical earthquake in the Los Angeles region to have a major impact on  the site 
area was the 1933 Long Beach event which had a magnitude of about MW = 6.4 (ML = 6.3). 
TlGs eartl~quake did not i-uptuse the surface but is believed to have been associated with the 
Newpoi-t-Inglewood Stnlctural Zone because of the distribution of aftershoclts and the 
abundance of ground disturbances in proximity to the fault zone (Figure 7). Although ground 
failures were abundant along the NISZ trend, no unequivocal surface rupture was identified 
(Benioff, 19.38). Reevaluation of the seismicity data by Ha~dcsson and Gross (1991) led to 
relocation of the 1933 earthquake hypocenter to a depth of about 6 miles below the Huntington 
Beach-Newport Beach city boundary. 

The 1987 Whittier earthquake (ML = 5.9, MW = 5.9) occurred on subsurface faults dipping 
under the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer, 
1999; Shaw ei al., 2002). This zone of faults is referred to as the Puente Hills blind thrust fault 
system (Figure 4). This event did not rupture the ground surface. 

Another significant earthquake in the Los Angeles region was the 18 12 earthquake which caused 
damage at the San Juan Capistsarlo Mission. The location and magnitude of the 1812 earthquake 
are Unl.~lo\vn because of the sparse population at the time, but geological studies (Jacoby et al., 
1988; Wrldon et al., 2004) postulated that it did not occur in the Los Angeles Basin area, brlt 
rather, was s large (M> 7.0) distant event on the San Andreas fault in the Wrightwood area of the 
San Gabriel iMounlains. 

The earliest documented earthquake in the region was reported by the Spanish Portola' 
expedition as they camped near the Santa Ana River in 1769. This event has been attributed by 
various geoscieiltists to just about every faullt in the Los h g e l e s  area but it could just as well 
have been a distant event that shook a wide area as did the 1971 San Fernando, the 1987 
Whittier, and the 1994 Northridge events, as well as many other more-distant events (for 
example, the 1812 or 1992 Landers events). 



3.5 Geologic Hazards 

3.5.1 Surface Fault Rupture 

No surficial faults are known at the site, therefore the potential for ground r~~pture due to  fa~llting 
is negligible. The nearest major fa~llts with a known potential for surface rupture are the 
Newport-Inglewood zone to the northeast and the Palos Verdes Hill fault to the soutl~west 
(Figures 4, 5,  and 6). 

3.5.2 Subsidence 

The ground surface in the Long Beach Harbor area has undergone srlbstantial lowering during 
the 20th century due to subsidence of the sedimerlts and roclts underlying the area. Some of this 
subsidence may have been due to natural causes (e.g. natural ground-water decline, sediment 
compaction, tectonics, 1933 Long Beach earthquake). Hal-ris (1 945) estimated natural subsidence 
of about half an inch per year. The principal cause of the subsidence has been attributed to 
withdrawal of oil and gas (Allen, 1984; Strehle, 1987), but ground-water extraction undoubtedly 
contributed, perhaps 2 feet out of the 29 feet (7%), to the total subsidence. 

Subsidence accelerated with development of the Wilmington oil field in 1936. The area of 
subsidence forms a circular or bowl-shaped area centered on the northeast corner of Terminal 
Island (Figurc 8A). The maximum subsidence in the center of the subsidence bowl i s  about 29 
feet. Subsidence along the Heim Bridge project corridor in the western part of the subsidence 
bowl. was about 14 feet (Figure 8A). The maximum rate of subsidence reached about 2.4 feet per 
year by 1951. Tlie subsidence was so great that dikes had to be built within the harbor area to 
prevent flooding by sea water. Sorne of the subsided areas bellind the dikes have recently been 
filled bringing the ground surface back to above sea level (- +15 feet). 

Subsidence was arrested by restoring pressure to the oil zones through injection of water into the 
oil wells. Tlis has not only stopped subsidence but has resulted in some rebound, and also has 
been of economic benefit by driving more oil to the producing wells. Initial injection began in 
1953 but was not fully established until about 1958; by 1961 injection was widespread. 
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in 1958 
and reached a maximum by about 1964 with only minor fluctuations since. Maximum elevation 
rebo~lnd has been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet 
(Figure 8B). 

The subsidence did not cause significant damage to most surface facilities b ~ ~ t  it did damage oil 
wclls at about 1,500-2,000 feet depth, and induced several small earthquakes. In all, about 500 
wells were damaged. Some of fhe oil well casings were sheared off or so severely damaged that 
the wells had to be abandoned and redrilled. 

Mathematics! calculations indicate that up to 66 feet of subsidence could occur if allowed co 
continue unchecked. To prevent and control further subsidence, injection must be maintained 
eve11 after cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department 
(LBGOD) surveys elevation changes twice a year, and monitors oil field fluid injection designed 
to correct elevation changes. The LBGOD estimates survey accuracy of about 0.24 inches; areas 
are considered to be stable if elevation changes are less than that (LBGOD, 2009). Bench marks 



rise and fall in a son~ewhat randoin manner that is not conlpletely understood b~l t  injections do 
seein to correct elevation changes. The correlation between injection and elevation rebound 
appears to be good, b~l t  it may take a few months to a year or so to be fully realized. 

There are 3 "index" bench marlts ilear the Heim Bridge; one at the north abutment and two more 
a little farther to the north. Several other bencl~ inarks are scattered around the bridge area. Based 
on rneas~ren~ents of these benchmarks, it appears that subsidence of the Heim Bridge area has 
resumed since 1995 and total subsidence of about 2 feet has been observed in the Heim Bridge 
area since 1995. During the recent years, the annual subsidence rate seems to have decreased; 
Measurelnetlts were approximately 0.6 in. during the period between May 2007 and April 2008 
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009). 

3.5.3 Flooding 

The flood inundation map in the Los Angeles County safety element of the General Plan (1990) 
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in 
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of 
when it is full, is quite small and it is difficult to imagine that a significant flood surge could be 
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and 
Los Angeles Basin; therefore, the potential for flooding of the site is considered low. 

3.5.4 Tsunami and Seiche 

Tsunamis are sea waves generated by submarine earthquakes, landslides, and volcanic esuptions. 
Seiches are waves internal to an enclosed or highly restricted body of water that wash back and 
forth across the basin. Sinaller tsunamis may be common but their run-ups are no more than 
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunamis 
are caused by submarine eal-thquakes will1 a magnitude of about 7 or larger. 

Most tsunamis to affect the Los Angeles-Long Beach harbor areas have been generated by 
distant eartllqimkes although California has had few locally generated, historic tsunamis, namely 
the 18 1'2 Santa Barbara earthquake and the 1927 Point Argue110 earthquake. According to 
Houston (1 979), the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being 
the worst) indicating a potential for water sun-ups of 5 to 15 feet. 

California has been struck by several other significant tsunamis generated in the northern Pacific 
(tbr example, the 1946 Aleutian earthquake of Mw = 7.8 and 1964 Alaska event of M w  = 9.2); 
and in lhc southern Pacific (1922 Chile earthquake of Mw = 8.4 and the 1960 Chile event of Mw 
- -- 9 < '  J ) .  Tlie 1964 Alaska earthquake catlsed severe damage and 15 fatalities i n  northern 
Califo'orrria. In southern California, the most serious recorded tsunami was generated b y  the 1960 
Chile earthquake. The greatest damage occurred in the Long Beach-Los Angeles Harbor where 
5-foot-high seiche waves surged back and forth in the channels. Cwrents of 12 knots were 
reported as the water rose and fell rapidly. A 6-foot drop in water level occurred in 1 minute at 
Long Beach and 3 foot drop in 5 inin~ltes along the Cerritos Channel. The currents tore some 300 
small boats md yachts from the slips and as Inany as 30 were sunk. Damage was estimated at 
between $500,O@O to over $1,000,000. 
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A colnprehensive tsui~ami analysis for the ports of Long Beach and Los Angeles by Moffat & 
Nicl~ol (2007) basically confirmed the tsunaini hazard from distant events. The analysis included 
tsunamis generated by local sources such an earthquakes in the nearby offshore Southern 
Califolnia Coiltinental Borderland, and by landslides off the Palos Verdes shelf. No tsunamis 
have been doc~mented fiom such local events during historical times. These events are 
extremely rare with recurrence intervals up to about 10,000 years. The results of the analysis 
indicate that the maximum water level w i t h  the Cerritos channel near Heim bridge could be as 
1Ggh as about 11 feet. Current speeds should be less than about 3 ftlsec. 
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4.0 SUBSURFACE CONDITIONS 

4.1 Subsurface Conditions 

Soil stratigraphy is defined by the available soils information and the exploratory borings and 
CPT soundings (described in Section 2) performed ~ n d e r  the supervision of EM1 personnel for 
the project. Within the depths explored (down to about elevation -166.3 ft), the subsurface 
profile consists of about 75 ft of interlayered alluvial deposits overlying Gaspur Formation sand. 

At the subject bridge site, natural grade lies at an elevation of about zero, with the approach 
embankment for the existing New Dock Street On-Ramp consisting of import fill extending to a 
maximum elevation of about -t-15 ft. The near surface deposits consist of silty sand and sandy silt 
between natural grade and about elevation -25 ft. The near surface deposits are underlain by a 
thiclc strata of inter-layered soft to stiff silt, sandy silt, clay, and loose to medium dense silty sand 
down to about elevation -75 ft. Below elevation -75 ft, lies the Gaspur Formation which consists 
of dense to very dense sand and silty sand withn the depths explored. 

It should be noted that the above soil description is general and is intended to describe the 
~ubsurfac~e in very broad terms. The soil descriptions above should not be construed to mean that 
the subsurface profile is uniform and that soil is homogeneous within the project area. For details 
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of the report. 

4.2 Groundwater Conditions 

Groundwater was recorded at elevation -5.5 ft in the auger boring performed in 1996 for the 
Geoteclulical Investigation by LKR (LKR, 1998). During the EM1 investigation in 2009, 
gromtdwater was recorded in all three of the borings performed near the proposed structure 
between elevation -5.3 ft and -10 feet. The elevation that groundwater was encountered at in 
each boring is listed in Table 1 and also on LOTB sheets at the end of the report. Due to the 
proximity of the site to the Cerritos Channel, where the water elevation is dictated by tidal 
fluctuations, higher groundwater elevations than those encountered during the field investigation 
are lilcely. 

Based or1 the observed high water groundwater elevation for the Cerritos Channel, the design 
groundwater was placed conservatively at elevation +5 ft or the ground surface i n  locations 
where &lished grade is proposed to be below elevation +S ft. 



4.3 Idealized Soil Profile 

Based on infolmatioll collected from borings R-09-011, R-09-014, R-09-016, and CPT 
soundings CPT-09-065, CPT-09-077, and CPT-09-079 two idealized soil profiles for foundatioll 
analysis and design were developed along t l~e  proposed bridge alignment. The s~lbs~u-face profile 
beneath the proposed stsucture is shown in Figure 9. The soil profiles and design strength 
parameters are presented below in Table 4. 

Table 4. Idealized Soil Profile and Parameters 

Total Unit Friction 
Weight Cohesion Approx. Elev. (ft) Predominant Soil Type (lb/ft2) Angle 
(lb/ft3) (degree) 

Bents 7 and 8 

Grade to -8.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 30 
--- - 

-8.0 to -25.0 Silty Sand / Sandy Silt 120 0 3 2 

-25.0 to -47.0 Sandy Silt / Silty Clay / Lean Clay 120 1,000 0 

Clayey Silt / Clay with Silt / Clay with 
-47.0 to -62.0 Sand 

Clayey Silt / Silt with Sand / Silt with 
Clay 

-75.0 to -150.0 Sand / Sand with Silt / Silty Sand 125 0 3 8 

Abutment 6 

+23.0 to Grade Silty Sand (assumed embankment fill) 120 200 3 2 

Grade to  -8.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 30 

-8.0 to -25.0 Silty Sand / Sandy Silt 120 0 3 2 

-25.0 to -47.0 Sandy Silt / Silty Clay / Lean Clay 120 1,000 0 

-47.0 to -62.0 
Clayey Silt / Clay with Silt / Clay with 

Sand 120 2,000 0 

Clayey Silt / Silt with Sand / Silt with 
Clay 

-75.0 to -150.0 Sand 1 Sand wit11 Silt / Silty Sand 125 0 3 8 





5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Seismic Study 

A preliminary seismic evaluation was performed by EM1 in 2006 and included in the Preliminary 
Foundation Report (EMI, 2006) based on the 2006 Seismic Design Criteria (SDC) (Caltrans, 
2006d). 

Using the 2006 SDC, the PBA was determined based on Caltrans Seismic Hazard Map 
(Mualchin, 1996a) and the attenuation relationship by Sadigh et al. (1997), as required by 
Caltrans (2006a)- The controlling fault was found to be the Palos Verdes fa~llt which i s  a strike- 
slip fa~llt capable of generating a Maximum Credible Earthquake (MCE) of magnitude 7.0 and a 
PBA of 0.60g at the bridge site. 

The standard ARS curve published in the 2006 SDC (Caltrans, 2006d) for this bridge site is 
shown on Figure B.8 for Soil Profile D (M = 7.25h0.25) and 0.6g. The standard ARS curve was 
modified to account for near-fault effects (a 20% increase of spectral accelerations for periods 
greater than 1 sec., no increase for periods less than 0.5 sec., and linear interpolation between 0.5 
and 1 sec) per SDC Section 6.1.2.1 

Figure 10 shows the recommended modified design ARS curve with coordinates as provided in 
the PFR (EMI, 2006). 

During bridge type selection, Caltrans commented based on the PFR that due to the length of the 
proposed stsucture, a site specific ARS curve should be developed following completion of the 
project geotechnical investigation. It is our understanding that following approval of bridge type 
selection, preliminary design of the bridge proceeded using the preliminary ARS curve in 
anticipation that the site specific ARS curve would be completed in the early stages of final 
design. 

As part of the EM1 field investigation described in Section 2, down-hole shear wave velocity 
measurements were taken in six of the rotary wash borings for the entire project along the 
mainline bridge alignment. Using the results of shear wave velocity measurements, a site specific 
ground motion study was performed. 

Results of the geotechnical field investigation and site specific ground motion study, following 
the procedures outlined in the latest Caltrans SDC (Caltrans, 2009) indicate that the preliminary 
ARS cwye shown in Figure 10 plots well above the site specific ARS curve. Consequently, 
previously conducted analyses and design based on the preliminary seismic evaluation ARS 
curve are considered conservative and suitable for final design. The peak ground acceleration for 
the site was revised to 0.5 g based on the latcst Caltrans SDC. The details of the ground motion 
study and the site specific ARS curve are summarized in a memorandum prepared b y  EM1 and 
are included in Appendix F. 

Ground Rupture. No laown active faults traverse the surface of the project area. The California 
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the 
proximity of the site Therefore, the risk of ground surface rupture and related hazards is 
considered low. 



5.2 Liquefaction Potential and Seismically Induced Settlement 

The liquefaction potential of the saturated, granular materials below the water table was 
evaluated using the procedures outlined by Seed et al. (1983) and updated by NCEER (1997) and 
Youd et al. (2001). For liquefaction potential evaluation of clayey soils tlle procedure outlined in 
Boulanger and Idriss (2006) was used. The seismically-induced soil settlement was estimated 
using the procedures outlined by Tokimatsu and Seed (1987). As discussed in Section 4.2, the 
design groundwater was assumed to be at the lower of elevation +5 ft or the ground surface for 
the liquefaction potential evaluation. 

Layers, pocltets and lenses of saturated coarse-grained alluvial deposits above the dense Gaspur 
Formation (located below approximate elevation -75 ft) are expected to be susceptible to 
liquefaction. Seismically induced-settlements of a few to several inches are anticipated. The 
elevations of the potentially liquefiable material and the cosresponding anticipated seismic 
settlements are shown in Table 5. Locations of potentially liquefiable material during the design 
earthquake are also identified in the subsurface profile shown in Figure 9. 

Table 5. Liquefaction and Seismic Settlement Analysis Results 

BoringICPT Approximate Elevations of Layer Approximate 

Sounding No. Liquefiable Zones Seismically induced 
(fO1 Settlement (inches) 

Total Approximate 
Seismically induced 
Settlement (inches) 

Table 5. Continued on Following Page 



Table 5 (Continued). Liquefaction and Seismic Settlement Analysis Results 

BoringICPT 
Sounding No. 

Approximate Elevations of Layer Approximate Total Approximate 
Liquefiable Zones Seismically induced Seismically induced 

(ft)' Settlement (inches) Settlement (inches) 

Notes: 1. Elevations are based on NAVD88. 

5.3 Soil Corrosivity 

Samples representative of soils throughout the project area were tested to determine corrosivity 
including minimum resistivity, pH, soluble sulfate content, and soluble chloride content. T1-xee 
soil samples were tested for corrosivity using the procedures described in California Test 
methods 417, 422, 532, and 643. The pH was determined to range between 7.5 and 8.0, the 
minimum resistivity varied from 100 to 910 olm-cm, soluble chloride contents were between 
568 and 13,807 parts per million (pprn) and soluble sulfate contents were between 353 and 999 
PP". 

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5 
or less, or the chloride concentration is 500 parts per million (ppm) or greater, or the sulfate 
concentration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered 
to be coaosive. 

5.4 Scour 

This sire is located within an area that is generally flat and there are no rivers, creeks o r  channels 
that class thzi. cross beneath the structure; therefore, scour is not considered a design issue. 

5.5 Foundation Type 

Due to presence of the w-eak near-surface soils and the potential for seismically induced 
settlement throughout the site, spread footings are not considered feasible for support of the 
proposed structure. 



Site soils are conducive to either a driven or drilled pile foundation. Due to the presence of deep 
liquefiable layers, large diameter Cast-In-Drilled-Hole (CIDH) piles are better suited to resist the 
large lateral foundation demands than small diameter piles and large diameter piles are needed at 
bent locations to support the large axial pile demands. Based on the foundation loads provided by 
the designers, 10 ft diameter CIDH piles are recommended for support at the proposed structure 
bents and 2.5 ft diameter CIDH piles are recommended at the abutment. At the bent locations, a 
permanent steel casing from finished grade to a depth between 33 and 38 ft is also proposed. 

5.5.1 Axial Pile Capacity 

Per Caltrans policy, L W D  method is used for bent piles and WSD is used for abutment piles. 
The foundation design data sheet and factored foundation loads were estimated by the designers 
following the latest Caltrans Memo to Designers 3-1 (Caltrans, 2008), and are shown i n  Tables 6 
and 7, respectively. 

Table 6. Foundation Design Data Sheet 

Permissible 
Finished Pile Pile Cap Size (ft) Settlement No. of Design 

Location Method Pile Type Grade El. Cut-off Piles per 
(ft) 

under Service 
El. (ft) L Load (in) Support 

Abut 6 
2.5 ft 

WSD CIDH 
+8.5 -2.8 20.0 42.33 1 12 

10 ft 
Bent7 LRFD CIDH -2.6 -10.0 NA NA 1 1 

.. -. ................................................ . 

Bent 8 
10 ft 

LRFD CIDH 
-1.6 -4.0 NA NA 1 1 

Table 7. Foundation Design Loads 

Sewice-I Limit State Strength Limit State Extreme Event Limit State 
(kips) (Controlling Group, Iups) (Controlling Group, kips) 

Total Load Perm Load compression Tension Compression Tension 

Rent 7 2,790 2,790 2,250 3,960 3,960 0 0 2,250 2,250 0 0 

Bent 8 2,690 2,690 2,120 3,720 3,720 0 0 2,250 2,250 0 0 

Axial CIDH pile analyses were performed using the computer program SHAFT 6.0 (Ensoft 
2007). Axial driven steel shell capacities were calculated according to recommendations by 
Tomlinson (1987) and API (2000). Axial pile analyses were performed using the computer 
program SHAFT 6.0 (Ensoft 2007). The calculated factored axial geotechnical capacities and 
pile tip elevations for each 30-inch CIDH pile at the abutment and 10-ft CIDH pile at the  interior 



bents are presented in Tables 8 and 9, respectively. For the extreme event limit case, negative 
sltin fiiction due to seisniic settlement was estimated using residual strengths for liquefiable soils 
based upon the method outlined in Seed and Harder (1990). The depth to the bottoin of the 
liquefiable layer at each suppoi-t was determined based upon the nearest boring information. The 
Pile Data Table is provided in Table 10. For bent piles, a resistance factor of 0.7 was applied per 
Caltrans LRFD guidelines. 

The inaximuln pile-head settlement due to the nominal resistance is estimated to be less than 1- 
inch at all supports. For axial loading, pile group effects can be neglected if the on-center spacing 
is equal to or greater than 4 times the pile diameter. A group reduction factor of 0.65 is applied 
for on-center spacing of 2.5 times the pile diameter. Based on interpolation over tlis range, an 
average gotip reductioil factor of 0.93 was applied at the abutment. 

Table 8. Foundation Recommendations for Abutments 

w w n 

LRFD Service-I Limit 7 u n 

n State Load (kips) per c 5 5 
m 5 Support .Z " ~3 l. a, .a .- + vY i3 i3 

E a Ki 3 72 a $ $ - a ,  5 a 
b m 8  "ak iC; i7 
? m - u a:q .- c .- C M .- 
G Total permanent 8 .g % s u B w 

' .;IS z n. 
m 

-7 1 (a) 
2'5 ' 

-2.8 Abut 6 CIDH 2,830 2,590 240 480 -46 (c) -7 1 
-43 (d ) 

Notes: 1. Design tip elevations are controlled by: (a) Conzpression, (b) Tension, (c) Settlement, (4 Lateral Load 
2. The speciJied tp  elevation shall not be raised. 



Table 9. Foundation Recommendations for Bents 

a, Y ~i Required Factored 
a, c d L - a, Nominal Resistance (kips) 

E 

Event 

a, 
m 

Bent lo fi -10.0 2,790 1 3,960 0 2,250 0 
-124 (a-11) 

-137 -35 250 
7 CIDH -88 (c) 

Bent lo f t  -4.0 2,690 1 3,720 0 2,250 0 
- 1 12 (a-11) 

8 CIDH 
-133 -29 

-72 (c) 
190 

Notes: I .  Design t@ elevations are controlled by: (a-l) Conzpression (Strength Limit), (a-Il) Conzpression 
(Extreme Event Limit), (b) Tension, (c) Settlement, (d) Lateral Load. 

2. The specz3ed tip elevation shall not be raised. 

Table 10. Pile Data Table 

Nominal Steel CIDH Steel Casing 
Nominal Resistance 'IDH Nominal Casing Design Specified 

Pile Resistance (kip) @riven Steel Specified Tip Tip Driving 
Support 

Type Shell) (lip) Tip Elevation Elevation Resistance 
Elevation 

( ft) (ft) 
Xequired 

Comp Tens Comp Tens (ft) (kips) 

-7 1 (a) 
2.5 ft 

6 ,-,, 480 0 NA NA NA -46 (c) -7 1 Abut NA 
LIun 

--- - 
-48 (d)  

-137 (a) 
lo  A 

5,660 Bent 7 CIDH 
0 250 0 -3 5 -88 (c) -137 250 

-95 (d ) 

-133 (a) 
Bent8 l o f t  5,310 0 ! 90 0 -29 -72 (c) -133 190 

CDH 
-89 (d ) 

Notes: 1. Design Tip Elevations are controlled by the following demands: (a) Compression, (b) Tension, (c) 
Settlement, and (d) Lateral Load. 

2. The specified tip elevation shall not be raised. 



5.5.2 Lateral Pile Capacity 

Abutments. Pile-head shear capacity and maximum bending moment ca~lsed by lateral pile-head 
deflections for a fixed-head connection with the pile cap are provided in Tables 11 and 12 for the 
Service Limit State and the Extreme Event Limit State, respectively. The design tip elevations 
for lateral loading are given in Table 10. 

Lateral pile analyses were performed using the computer program LPILE (Ensoft 2007). The 
internally generated p-y curves for sandy soils were estimated using the API criteria (API, 2000). 
The inteixally generated p-y curves for stiff fine-grained soils were estimated using the method 
proposed by Reese (Reese et al., 1975), and the internally generated p-y curves for soft fine- 
grained soils were estimated using the method proposed by Matloclc (Matloclc, 1970). A group 
reduction factor of 0.8 was used in the analysis based on the pile layout provided by the 
designers and the procedures o~ltlined in the Ensoft Group 7.0 software Technical Manual 
(Ensoit 2006). Under seismic conditions, liquefied soils were modeled using a p-multiplier to 
degrade the static strength (Ashford et al., 2008). 

The solutions presented are entirely based on soil resistance and linear pile properties. Therefore, 
these values may be limited by the flexural strength (plastic moment) of the piles and other 
connection details. 

Bents. The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by EM1 
(EMI, 2006) based upon existing subsurface information available at the time that included a 
general description of the subsurface conditions beneath the proposed structure and eight 
idealized soil profiles along the proposed alignment. It is our understanding that following 
approval of bridge type selection, design soil springs (p-y curves) were generated b y  Caltrans 
using tlie idealized soil profiles provided in the PFR (EMI, 2006). The preliminary p-y curves 
were intended to be used during the initial stages of design until a project specific geotechiical 
field investigation was conducted and the bridge foundation report was prepared. 

Based on the current geotechnical investigation and updated soil profile, an additional project 
specific lateral pile analysis was also performed. Results from that analysis indicate that the p-y 
curves generated fsom the soil profiles presented in the PFR are suitable for use in the final 
design. The current results either generate a more conservative lateral pile response than the p-y 
curves developed by Caltrans based on the PFR, or a lateral pile response that is within an 
acceptable design tolerance, Details of the lateral pile analysis and a comparison between the 
preliminary and updated p-y curves are included in a memorandum prepared by EMI. The 
rneinurandum is included in Appendix G. The preliminary p-y curves generated from the soil 
profiles in the PFR which were determined to be suitable for use in fmal design for Bent 7 and 
Bent 8 are provided in Appendix H. 



Table 11. Abutment 6,30-in CIDH Pile "Fixed" Head Solution: Service Limit State 

Pile Head Deflection (in) Pile Head Shear (k) Maximum Moment (kc-in) 

0.25 140 6,96 1 

Notes: 1. Group effects considered with a reduction factor of0.8 on 3. " 
2. Static strengthparatneters used in all soil layers. 

3. A cracked section modulus of  80% of EI was used in the analysis. 

Table f 2. Abutment 6,30-in CIDH Pile 66Fixed" Head Solution: Extreme Event Limit 
State 

Pile Head Deflection (in) Pile Head Shear (lc) Maximum Moment (k-in) 

0.25 3 8 2,608 

Notes: 1. Group effects considered with a reduction factor of 0.8 on I > . "  

2. Liquefied strength parameters used in liquefiable soil Inyers. 

3. A cracksd section modulus o f  50% o f  EI was used in the ar2al~)sis. 

5.6 Bridge Abutment Walls 

5.6.11 Earth Pressures 

An active earth pressure coefficient of 0.3 and a soil unit weight of 120 pcf are recommended for 
a level. abutment backfill. If abutment walls are free to move laterally at the top, a static active 
iateral earth pressure of 36 psf per ft of depth is recommended for a level backfill. If lateral 
movement at the top of abutment walls is restrained, the lateral pressure distribution has a 
trapezoidal shape with a maximum lateral pressure of 28.8H psf between 0.2H from the top and 
bottom of the wall, where H is the wall height in feet. A traffic surcharge equivalent t o  a vertical 
pressure produced by at least 2 ft of earth should be added to the above lateral earth pressure 
values. Other design requirements are specified in Section 3.20 of the Callrans Bridge Design 
Specifications (Caltrans, 2004). 

5.6.2 Passive Resistance 

Under seismic loading, an ultimate passive earth pressure of 5 ksf may be used for the  approach 
backfill and abutment backwalls with a height equal to or greater than 5.5 ft. For abutment 
backwalls with heights less than 5.5 ft, the maximilni passive pressure may be calculated 



proportionally (e.g., for a 4 fi high backwall, the maximum passive pressure is [4/5.5]x5 ksf = 

3.6 ltsf). The horizontal inoveinent at which the maximum passive pressure is expected to be 
fully mobilized can be determined following the procedure outlined in Section 7.8.1 of the 
Caltrans SDC (2006d). 

5.7 Approach Embankments 

The proposed New Dock Street On-Ramp (Replace) will generally have the same aligilment as 
the existing structure with a slightly elevated roadway profile. Up to 8 ft of fill will be placed 
atop the existing approach embankment in order to raise existing grade to proposed grade. The 
abutment end slope will be graded at an inclination of 1.5: 1 (Horizonta1:Vertical) with full slope 
paving and the western slope of the embankment will be graded at an inclination of 2:1 
(Horizoi~tal:Vertical). At the eastern roadway edge, the embankment fill that will be placed as 
part of the project will be retained by an MSE wall (Retaining Wall C1) that will be constiucted 
on top of the existing approach embankment with grade descending down and away from the 
wall toe at an inclination of 4: 1 (Horizonta1:Vertical). Recommendations for Retaining Wall C1 
wall are provided in a separate foundation report prepared by EM1 (EMI, 2010). 

5.7.1 Static Settlement 

Standard proced~~res were used to evaluate ground settlement of the underlying foundation soils 
due to the proposed embanlment fill placement. Generally, fills induce immediate and 
consolidation settlement of underlying soils. Imedia te  settlement occurs during grading and 
consolidation settlement occurs over varying time periods. Consolidation settlement (magnitude 
and time period) is directly related to the depth of fill placed over compressible soil and the 
thicluness of compressible soil layers. Immediate settlement which is estimated to be negligible in 
this case occurs during grading or shortly thereafter while consolidation settlement, which in this 
case is considerable, occurs over varying time periods. 

One cross-section was selected to evaluate the potential settlement beneath the proposed 
embankment approximately 25 ft behind the bridge abutment. Based on cross-sections provided 
by URS Corporation, the existing embanlment at "C" Line Sta. 213+50 will b e  widened 
approximately 5 feet at the crest and the total embanlunent height is approximately 19 feet. 
Based on our calculations, settlement of soils underlying the proposed retaining wall is estimated 
to be about 2 inches. The maximum settlement beneath the center of the embarnknnent is 
estimated to be about 3.5 inches. The settlement period is estimated to be about 22 weeks to 
reduce the remaining long-term settlement to less than %-inch. If a 5-ft embankment surcharge is 
applied, the settlement period is reduced to about 11 weeks. For a 7-ft embanlment surcharge, 
the settlement periods is reduced to about 8 weeks. 

The surcharge heights referred to in these recommendations are measured relative to the  finished 
grade of the proposed embankments. Settlement periods with surcharge begin once the full 
surcharge height is completed. Waiting periods without surcharge begin once the project grade is 
constructed to the top of the finished subgrade. 

Settlement of the embankment fill should be verified by the Engineer prior to installation of 
abutment piles to prevent a reduction in axial pile capacity due to downdrag loads being applied 
to the piles. 



5.7.2 Bridge Abutment Slope Stability 

The "global" stability of the western embankment side slope was evaluated for both static and 
pseudo-static conditions using the computer program GSTABLE7 (Gregory, 2006). Strengths of 
liquefiable soils were estimated using the method outlined in Seed and Harder (1990). The 
material used for the fill is assumed to have a friction angle of 32 degrees and rninimun~ 
cohesion of 200 psf. The global stability analysis of tlze eastem embankment slope and Retaining 
Wall C1 is provided in a separate report prepared by EM1 (EMI, 2010). 

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to 
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability analysis for 
the seismic condition was performed using the pseudo-static approach with a seismic coeficient 
of 0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peak horizontal 
acceleration (0.5 g, based on the site specific gro~lnd motion study, see Appendix F) but not 
exceeding 0.2. 

According to the results of the analyses and Caltrans guidelines, the slopes meet the minimum 
req~lired factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the 
seismic condition per Caltrans Foundation Design Guidelines (2006e). 





6.0 CONSTRUCTION CONSIDERATIONS 

All work should be perfoimed in accordance with the Caltrans Standard Specifications (2006~) 
except as indicated in the Special Provisions prepared for the project improvements. 

6.1 Earthwork 

6.1.1 General 

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard 
Specificatioils (2006~). Appropriate measures should be taken to prevent damage t o  adjacent 
existing stnlchlres and utilities. Design and construction of temporary slopes or shoring should 
be made the contractor's responsibility. It should be noted that it is the responsibility of the 
contractor to oversee the safety of the workers in the field during construction. The contractor 
shall conform to all applicable occupational safety and health standards, rules, regulations, and 
orders established by the State of California. In addition, other State, County, or Municipal 
regulations may supersede the recommendations presented in this section. If a trench shoring 
design and safety plan is required, the geotechnical consultant should review the plan t o  confirm 
that recommendations presented in this report have been applied to the design. 

Heavy construction equipment should not be used immediately adjacent to shoring due to large 
lateral pressures induced by such equipment unless the shoring is designed to accommodate 
resulting pressures. Excavated soil or construction materials should not be stoclqiled adjacent to 
shoring or. open excavations. Stockpiled soil and construction materials should be set back a 
distance at least equal to the height of the excavation. 

In fill areas, complete removal of compressible surficial materials including vegetation, topsoil, 
loose or soft alluvium, and otherwise unsuitable material is required prior to fill placement. A 
miilimum overexcavation of 12 inches is recommended within all areas to receive compacted 
iill; the overexcavation should extend horizontally a minimum distance of 2 ft from edges of new 
fills or structures. Actual depths and extent of the required removals should be determined in the 
field by qualified geoteclmical personnel. Overexcavated areas should be cleaned of loose soils 
and debris and should be observed to be firm and unyielding before receiving fill. The bottom of 
the overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned or 
dried to near optimum moisture, and compacted in place to a minimum 95 percent relative 
compaction. 

6.1.2 Cuts and Excavations 

Preliminary plans do not show any permanent cuts or excavations necessary to achieve finish 
grades, Iiowever, temporary cuts may be required in areas where drainage improvements and 
footings we proposed. Temporary excavations, including temporary shoring, necessary to 
constiuct the bridge abutment footings or culverts will need to be designed by the contractor for 
local and global stability, once the means and methods of construction are determined. 
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6.1.3 Groundwater Control 

Groundwater was encountered in all three of the borings performed for the proposed bridge 
foundation between Elevation -5.3 and -10.0 ft. The proposed footing bottom elevation at 
Abutment 6 is -1.4 ft. Due to the proximity of the site to the Cerritos Channel where the water 
elevation is dictated by tidal fluctuations, higher groundwater elevations than those encountered 
during the field investigation are likely; therefore, the contractor should be prepared to control 
groundwater during footing construction. Any groundwater encountered during footing 
constmction should be controlled in accordance with Section 19-3.04 of the Caltrans Standard 
Specifications (2006~). Any seepage or groundwater removed from an excavation should be 
tested and disposed of in compliance with all applicable local, state and federal requirements. 
Free water should not be allowed to stand in any excavations. If excavations become flooded, at 
least the bottom 6 inches of soil should be removed and replaced or re-compacted to 95 percent 
relative compaction. Additional removals may be required at the discretion of the Engineer. 

6.2 GIDH Pile Construction 

Loose soils should be cleaned from the bottom of the borings. Pile borings should be inspected 
and approved by the geotechnical engineer prior to the installation of reinforcement. Extreme 
care in drilling, placement of steel, and the pouring of concrete is essential to avoid excessive 
disturbance of pile boring walls. Concrete placement by pumping or tremie tube to the bottom of 
the pile borings is recommended. Specifications should require that sufficient space be  provided 
in the pile reinforcing cage during fabrication to allow the insertion of a tremie tube for concrete 
placement. 

The pile reinforcing cage should be installed and the concrete pumped immediately after drilling 
is compreted. No boring should be drilled immediately adjacent to another pile until the concrete 
in the other pile has attained its initial set. 

Groundwater was encountered between elevation -5.3 and -1 0.0 feet in October 2009. Actual 
groundwater elevation may be different during construction due to seasonal rainfall, surface 
runoff' and other man-made conditions. In addition, due to the proximity of the site to the 
Cerritos Channel where the water elevation is dictated by tidal fluctuations, higher groundwater 
elevations than those encountered during the field investigation are likely. Therefore, contractors 
should be prepared to use a "wet" method of construction. As a standard Caltrans practice for 
"wet" construction, PVC tubings must be installed within the reinforcement cage of the CIDH 
pile for garmna-ray testing. 

Pockets and lenses of loose sandy material and very soft to soft fine-grained material were 
encountered in our soil borings and these materials are susceptible to caving. If caving occurs, a 
temporary casing may be required during construction. Casings should have arl outer diameter 
equal to or exceeding the pile diameter. Te~nporary casing should be pulled as the concrete is 
being poured while always maintaining at least a 5 f t  head of concrete inside the casing. 
Contractor can choose to use a "wet" method of construction to control caving. 

In the event   hat any boring becomes bell-shaped and c~annot be advanced due to severe caving, 
all loose material should be remmed fro111 thc bottom of the boring and the caved region filled 
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with low strength sand-cement sluiry. Drilling inay continue when the slurry has reached its 
initial set. 

6.3 Backdrain and Backfill Requirements for Abutment Walls 

Materials behind the abutment and wing walls should be low-expansive soil with an Expansion 
Index (EI) less than 50 and Sand Equivalent (SE) of more than 20 as shown in Figure 11. The 
low-expansive material requirement should not supersede the structure backfill and peivious 
backfill requirements as described in Caltrans Standard Plans, Bridge Detail 3-1 (2006b), and 
Caltrans Standard Specifications (2006~) under Sections 19-3.06 and 19-3.065, respectively. 

Backfill should be compacted in accordance with Section 19-5 of the Caltrans Standard 
Specifications (2006~). Backfill should be placed in loose lifts not exceeding 8 inches in 
thickness, moisture-conditioned or dried to near optimum moisture content, and compacted to at 
least 95 percent relative compaction. The relative compaction should be based on the maximum 
density determined by California Test Method 2 16. Jetting or flooding to compact backfill is not 
recommended. Heavy compaction equipment, such as vibratory rollers, dozers, o r  loaders, 
should not be used adjacent to the abutment walls in order to avoid damaging the walls due to 
large lateral earth pressures. 

Bacltdrains should be installed behind abutment walls to relieve hydrostatic pressure. The 
backdrains should be constructed in accordance with Bridge Detail 3-1 per Caltrans Standard 
Plans (2006b). 

6.4 Review of Construction Plans 

Recommendations contained herein are based on current design information. The geotechnical 
consultant should review the final construction plans and specifications in order to confirm that 
the general intent of the recommendations contained in this report have been incorporated into 
the final construction documents. Recommendations presented in this report may req~~ire  
modification or additional recommendations may be necessary based on the final design. 

6.5 Geotechnical Observation and Testing 

Qualified geotechnical personnel should perform inspections and testing during the following 
stages of construction: 

Grading operations, including excavations and placement of compacted fill. 
Shoring installalion. 
Footing excavations. 
CIDH pile construction. 
CIDH pile integrity testing. 
Backdrain installation and baclzfilling of bridge abutment walls. 
Removal or installation of support of buried utilities or structures. 
When any unuslral stibsurface conditions art: encountered. 
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Appendix A. Selected As-Built Plan Sheets for Schuyler Heim Bridge 
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Appendix B. Schuyler Heim Bridge Seismic Retrofit LOTB Sheets Prepared by LKR 
(1998) 





Note -1. Barlng elevations wore surveyed by 
Psomas L Asaoclates on August 21.1996 

2. Vs, Shear Wave VeloclQ 
3. N values on CPTs am correlated fmm 

tip reslstance data 



Appendix C. EarthSpectives SPT Hammer Energy Measurement Report 



EARTHSPECTIVES 
250 Goddard Phone: (949) 777-1 270 
lrvine, California 92618 Fax: (949) 777-1283 

November 12,2009 
EarthMechanic, Inc. 
17660 Newhope, Suite E 
Fountain Valley, California 92708 

Attention: Mr. Ranian Guneranian 

Dear Ranjan: 

SPT Hammer Energy Measurement 
Borings A-09-053, R-09-004, and R-09-009 
ACTA Schuyler Heim Bridge Replacement 
Long Beach, California 
ES Project No. 09095-141 

INTRODUCTION 

This letter report summarizes the results of EarthSpectivest (ES) SPT hammer energy measurements 

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It 

provides a description of the test program and results. 

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system 

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and 

6066 test standards. Results are summarized in Table 1, while more details regarding energy records 

are provided in Appendix A. 

TESTING CONDITIONS 

Test Borings 
SPT hammer energy measurements were performed at three boring locations drilled by three different 

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R 

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ 

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal 

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig 

equipped with a Automatic trip hammer and HF2-518 drill rod, while C&L Drilling samplers were 

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made 

drill rod. 

Instrumentation 
SPT energy measurements were performed by placing a 2 ft instrumented section of drill rod  at the top 

of the drill string between the hammer and the existing sampling rods. The instruments consist of two 

Geotechnical Specialty Engineering 



sets o f  accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view 

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during 

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The 

raw data were stored directly on a portable field computer for subsequent analysis in the office. 

RESULTS 

Results from SPT hammer energy measurements are summarized in Tables I. It shows the Energy 

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred 

energy to rated energy of the hammer which is the product of the weight of the hammer times the 

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft). 

TABLE 1 -SUMMARY OF SPT HAMMER ENERGY MEASUREMTS 

SAMPLING DEPTH 
(FT) 

5 
10 
15 
20 
21 
25 
30 
35 
40 
45 
50 
56 
60 
70 
80 
90 
100 
105 
110 
115 
120 
125 
130 
135 
140 
145 
155 

NOTE: Numbers in each 

BORING R-09-009 
C&L Drilling, Inc. 

Mud Rotary 
Rope and Cat-Head 

Manual Hammer 
-- 

50%, 64%, 58% 
-- 

48%, 69%, 61 % 
-- 
-- 

49%, 69%, 58% 
-- 

56%, 73%, 65% 
-- 
-- 
-- 

49%, 74%, 64% 
51 %, 73%, 59% 
47%, 78%, 65% 
41 %, 76%, 54% 
51 %, 76%, 63% 

-- 
51%, 81 %, 66% 

-- 
36%, 78%, 62% 

-- 
51 %, 80%, 68% 

-- 
43%, 70%, 61 % 

-- 
36%, 75%, 62% 

depth 

AVERAGE SPT HAMMER EFFICIENCY 

BORING A-09-053 
2R Drilling, Inc. 

Hollow Stem 
Automatic Trip hammer 

77%, 92%, 87% 
72%, 95%, 87% 
75%, 84%, 80% 
73%, 88%, 83% 

-- 
71 %, 76%, 74% 
70%, 86%, 82% 
80%, 84%, 82% 
79%, 85%, 83% 
81 %, 86%, 84% 
78%, 83%, 81 % 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

cell are Min, Max, and Avg 

(ENERGY TRANSFER RATIO: 
BORING R-09-004 

So Cal drilling, Inc. 
Mud Rotary 

Automatic Trip hammer 

-- 

49%, 76%, 65% 
-- 
-- 

77%, 80%, 79% 
-- 

77%, 81 %, 80% 
-- 

77%,84%, 82% 
-- 
-- 

79%, 82%, 80% 
78%, 85%, 83% 
78%, 81 %, 80% 
76%, 83%, 82% 
78%, 82%, 80% 

-- 

75%, 84%, 81 % 
-- 

76%, 80%, 79% 
-- 

75%, 81 %, 80% 
-- 

73%, 80%, 78% 
-- 

75%, 81 %, 80% 
78%, 84%, 81% 

efficiency for that sampling 



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of 

blow number in Appendix A. Table immediately following the plot also provides the minimum, 

maximum, and average values at each sampling depth in addition to raw data. 

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an 

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall 

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall 

average of 62 percent for boring hole R-09-009. 

LIMITATIONS 

Professional judgments represented in this report are based on evaluations of the technical 

information gathered, our understanding of the proposed construction, and our general experience in 

the geotechnical field. We do not guarantee the petformance of the project in any respect, only that 

our engineering work and judgments are rendered while striving to meet the standard of care of our 

profession at this time. 

CLOSURE 

It has been a pleasure serving you on this project and we look forward to working with you again. 

Please call if you have any questions. 

Sincerely Submitted for EarthSpectives 

- 
Hossein K. Rashidi, Ph.D., P.E. 
Principal Engineer 



E a r t h S p e c t i v e s  2009-Oct-13 

ACTA SCHUYLER HEIM BRIDGE REPLACEMENT. BORING HOLE A-09-053. 2R DRILL ING 

EMX ( k i p s - f  t) ETR (%) BPM ( b l / m i n )  
Max T r a n s f e r r e d  E n e r g y  E n e r g y  T r a n s f e r  R a t i o  B l o w s  P e r  M i n u t e  

N o t e s  

1 1 

2 

B 4 1  
L 

3 
0 
W 4 

82 

N 
U 5 

122 
B 
E 6 

R 7 

163 
---....-.-,--. 

9 

1 o 

c 

203 

N o t e s  1. Sample  a t  5 f t  
2 .  Sample  a t  10 f t  
3 .  Sample  a t  15 f t  
4 .  Sample  a t  20 f t  
5 .  Sample  a t  25 f t  

N o t e s  6 .  S a m p l e  a t  30 f t  
7 .  S a m p l e  a t  35 f t  
8 .  (8N159)  , S a m p l e  a t  40 f t 
9 .  S a m p l e  a t  4 5  f t  

1 0 .  S a m p l e  a t  50  f t  



P i l e :  A-09-053  
I n f o :  HOLLOW STEM 
AR : 1 . 2  i n - 2  
LE: 5 6 . 0  f t  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  
ETR: E n e r g y  T r a n s f e r  R a t i o  
E2 F : UNDEFINED 
E F 2 :  E n e r g y  b y  F-2 Method 
EV2 : UNDEFINED 

P r o j  : ACTA HEIM BRIDGE PROJECT 
S P :  0 . 4 9 2  k / f t n 3  
W S :  1 6 8 0 8  ft/s 
EM: 3 0 0 0 0  KSI  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BPM: B l o w s  P e r  Minute 
CSX:  Max Measured C-Stress 
C S I :  Max F 1  o r  F2 C - S t r e s s  
TSX: Max C o m p u t e d  T - S t r e s s  

BL# d e p t h T Y  EMX ETR E2F EF2 EV2 B PM CSX CSI TSX 
end b l / f t  f t  K - f t  P K - f t  b l / m i n  k s  i l c s i  l t s i  

1 4  5 . 0 0  AV 0 . 2 8  8 2  0  1 . 5 0  2 0 4  5 4 . 7  2 0 . 0 6  2 0 . 1 3  6 . 8 1  



P i l e :  A-09-053 
In fo :  HOLLOW STEM 

Pro] : ACTA HEIM BRIDGE PROJECT Pg2 

COMMENTS 
J C  = 0.70 
Sample a t  5 ft 
Sample at 10 ft 
Sample at 15 f t  
Sample at 20  ft 
Sample at 25 f t  
Sample a t  30 f t  
Sample a t  35 ft 
Sample at 4 0  f t  
Sample at 4 5  ft 
Sample at 50 ft 

DRIVEN (2009-0ct-13 : A-09-OS3.MDF) 
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Pile: R-09-004 
Info: MUD ROTARY 
AR : 1.4 in"2 
LE: 163.0 ft 

Proj : ACTA HEIM BRIDGE PROJECT Pgl 
SP: 0.492 k/fta3 
WS: 16808 ft/s 
EM: 30000 K S I  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

EMX: Max Transferred Energy BPM: Blows Per Minute 
ETR: Energy Transfer Ratio CSX: M a x  Measured C-Stress 
E2F : UNDEFINED CSI: Max F1 or F2 C-Stress 
EF2: Energy by F-2 Method TSX: Max Computed T-Stress 
EV2: UNDEFINED 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end bl/ft f t K-ft % K-f t bl/min ksi ksi ksi 
1 2 10.00 AV 0.20 59 0 2.79 164 0.0 26.20 32.04 11.83 

120 5 GO. 00 AV 0.28 80 0 4.82 191 37.9 34.55 34.55 15.49 
MX 0.28 8 2 0 4.93 202 39.9 35.30 35.30 21.62 
MN 0.27 79 0 4.47 187 0.0 32.44 32.44 14.43 



Pile: R-09-004  P r o j  : ACTA HEIM BRIDGE PROJECT Pg2 
I n f o  : MUD ROTARY 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX C S I  TSX 
end bl/ft f t K-ft % K-ft bl/rnin ks i ksi ksi 
5 7 5  5  1 3 5 . 0 0  AV 0 . 2 8  8 0  0  5 . 1 4  210  3 8 . 6  3 5 . 6 8  3 5 . 6 8  1 2 . 6 5  

MX 0 . 2 8  8 1  0  5 . 3 8  222  3 9 . 4  3 6 . 7 5  3 6 . 7 5 1 4 . 0 2  
MN 0 . 2 6  7 5  0  4 . 9 6  1 5 4  0 . 0  3 4 . 2 8  3 4 . 2 8  1 1 . 1 5  

COMMENTS 
J C  = 0 . 7 0  
Sample at 3 0  f t  
Sample at 5 6  ft 
Sample at 8 0  f t 
Sample at 9 0  f t  
Sample at 1 0 5  ft 
Sample at 1 1 5  ft 
Sample at 1 2 5  ft 
Sample at 1 3 5  ft 
Sample at 1 4 5  ft 
Sample at 1 5 5  ft 

DRIVEN ( 2 0 0 9 - 0 c t - 2 2  : R-09-004  .MDF) 
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Pile: R-09-009 Proj : ACTA HEIM BRIDGE PROJECT Pgl 
Info: MUD ROTARY- rope and cathead SP: 0.492 k/ftn3 
11R: 1.4 in"2 WS: 16808 ft/s 
LE: 165.0 ft EM: 30000 KSI 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max Transferred Energy BPM: Blows Per Minute 
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress 
E2F : UNDEFINED CSI: Max F1 or F2 C-Stress 
EF2: Energy by Fn2 Method TSX: Max Computed T-Stress 
EV2 : UNDEFINED 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end bl/ft ft K-ft % K-ft bl/min ksi ksi ksi 
1 3 10.0OAV 0.20 55 0 2.10 0 24.0 28.27 28.27 0.00 



P i l e :  R - 0 9 - 0 0 9  P r o j :  ACTA HEIM BRIDGE PROJECT Pg2 
I n f o :  MUD ROTARY- rope and cathead 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
SL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 

end b l / f t  f t K-ft  5 K-ft  bl/min ksi ksi ksi 
6 8 7  9 1 4 0 . 0 0  AV 0 . 2 4  6 8  0  3 . 0 1  2 3 6  3 4 . 8  2 3 . 3 1  2 3 . 3 1  2 . 7 9  

MX 0 . 3 0  8 0  0  3 . 6 9  3 0 3  3 8 . 8  2 8 . 0 9  2 8 . 0 9  5 . 5 9  
MN 0 . 1 8  5 1  0 0 . 0 0  1 3  0 . 0  3 . 8 0  3 . 8 0  0 . 4 7  

COMMENTS 
J C  = 0 . 7 0  
Sample a t  2 0  f t  
Sample a t  60  f t  
Sample a t  8 0  f t  
Sample a t  90  f t  
Sample a t  1 0 0  f t  
Sample a t  1 1 0  f t  
Sample a t  1 2 0  f t  
Sample a t  1 3 0  f t  
Sample a t  1 4 0  f t 
Sample a t  1 5 5  f t  

DRIVEN ( 2 0 0 9 - O c t - 2 8  : R-09-009.MDF) 
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INTRODUCTION 

Boring geophysical measurements were collected in six uncased borings for the Schuyler Heim 

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisition was 

perfornled between October 19 to November 6, 2009 by Victor Gonzalez and Charles Cai-ter of 

GEO Vision. Data analysis was performed by Victor Gonzalez and reviewed by Robert Steller of 

GEOVision. Report preparation was performed by Victor Gonzalez and reviewed by John Diehl 

of GEOVision. The work was performed under subcontract with Earth Mechanics, Inc. (EMI) 

with G. J. Gunaranjan serving as the point of contact for EMI. 

This report describes the field measurements, data analysis, and results of this work. 

GEOVision Report 9375-01 rev a Paae 5 of 72 
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SCOPE OF WORK 

This report presents the results of boring geophysical measurements collected between October 

19 and November 6, 2009 in six 4 718 -inch uncased borings, as detailed in Table 1. The purpose 

of the study was to supplement stratigraphic information obtained during EMI's soil sampling 

program and to acquire shear wave velocities and compressional wave velocities as a function of 

depth. 

I I I ELEVATION - FEET I COORDINATES - FEET "' I 

Table 1 Boring locations and logging dates 

BORING 

DESIGNATION 

R-09-007 
R-09-014 
R-09-021 
R-09-022 
R-09-025 
R-09-028 

The OYO Suspension Logging System was used to obtain in-situ horizontal shear and 

coinpressional wave velocity measurements at 1.6-foot intervals. The acquired data were 

analyzed and a profile of velocity versus depth was produced for both compressional and 

horizontally polarized shear waves. 

A detailed reference for the velocity measurement techniques used in this study is: 

Guidelines for Determining Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, 

Sections 7 and 8. 

("Coordinates and elevations provided by EM1 

DATES 

LOGGED 

1 011 912009 
10120 - 1012112009 

10121 12009 
1 1 102 - 1 1 10312009 

1 1 I0512009 
1 1/06/2009 

MLLW 

-0.79 
-1.33 
7.31 
-4.1 1 
-3.90 
-3.32 

NORTHING 

1,735,625 
1,736,114 
1,736,864 
1,737,853 
1,738,368 
1,738,869 

EASTING 

6,488,980 
6,489,009 
6,488,921 
6,488,768 
6,488,737 
6,488,698 
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INSTRUMENTATION 

Suspension Instrumentation 

Suspension soil velocity nleasuren~ents were performed in all borings using the PS suspension 

logging system, manufactured by OYO Corporation, and their s~lbsidiasy, Robertson 

Geologging. This system directly determines the average velocity of a 3.3-foot high segment of 

the soil column surro~mding the boring of interest by measuring the elapsed time between 

arrivals of a wave propagating upward through the soil column. The receivers that detect the 

wave, and the source that generates the wave, ase moved as a unit in the boring producing 

relatively constant amplitude signals at all depths. 

The suspension system probe consists of a combined reversible polarity solenoid horizontal 

sheas-wave so~u-ce (SH) and compressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet, 

allowing average wave velocity in the region between the receivers to be detennined by 

inversion of the wave travel time between the two receivers. The total length of the probe as used 

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottom 

end of the probe. 

The probe receives control signals from, and sends the receiver signals to, instrumentation on the 

surface via an armored 4 or 7 conductor cable. The cable is wound onto the drum of a winch and 

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28- 

foot circumference sheave fitted with a digital rotary encoder. 

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled 

directly to the boring walls; rather, the source motion creates a horizontally propagating 

impulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure 

wave is converted to P and SH-waves in the surrounding soil and rock as it impinges upon the 

wall of the boring. These waves propagate through the soil and rock surrounding the boring, in 

turn ca~lsing a pressure wave to be generated in the fluid surrounding the receivers as  the soil 
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waves pass their location. Separation of the P and SH-waves at the receivers is performed using 

the following steps: 

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source, 

maximizing the amplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded wit11 the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a characteristic SH- 

wave signature distinct from the P-wave signal. 

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and 

damp significantly before the slower SH-wave signal arrives at the receiver. In saturated 

soils, the received P-wave signal is typically of much higher frequency than the received 

SH-wave signal, peimitting additional separation of the two signals by low pass filtering. 

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significantly greater than the 

dimension of the fluid annulus surrounding the probe, preventing significant energy 

transmission through the fluid medium. 

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows: 

1. The source is fired in one direction producing dominantly horizontal shear with some 

vertical compression, and the signals from the horizontal receivers situated parallel to the 

axis of motion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded. The repeated 

source pattern facilitates the picking of the P and SH-wave arrivals; reversal of the somce 

changes the polarity of the SH-wave pattern but not the P-wave pattern. 

The data from each receiver during each source activation is recorded as a different channel on 

the recording system. The Suspension PS system has six channels (two simultaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six charnels with 

a common time scale. Data are stored on disk for further processing. Up to 8 sampling sequences 

can be sunmed to iniprove the signal to noise ratio of the signals. 
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Review of the displayed data on the recorder or computer screen allows the operator to set the 

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize 

the quality of the data before recording. Verification of the calibration of the Suspension PS 

digital recorder is performed every twelve months using a NIST traceable frequency source and 

counter, as outlined in Appendix B. 
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Suspension Measurement Procedures 

Six 4 718-inch uncased borings filled with freshwater drilling mud were logged. Measurements 

followed the GEOVision Procedure for P-S Suspension Seismic Velocity Logging, revision 1.4. 

Prior to eacli logging run, the probe was positioned with the top of tlie probe at the top of the 

drilling mud tub, ground surface, or other stationary reference point. S~~bsequently, the electronic 

depth coullter was set to 8.2 feet, the distance between the rnid-point of the receiver and the top 

of the probe, minus the height of the stationary reference point, as verified with a tape measure, 

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the 

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as 

summarized in Table 2. 

At each measurement depth the measurement sequence of two opposite horizontal records and 

one vertical record was performed, and the gains were adjusted as required. The data from each 

depth were viewed on the computer display, checked, and recorded on disk before moving to the 

next depth. 

Upon completion of the measurements, the probe zero depth indication at the stationary 

reference point was verified and recorded on the field logs prior to removal from the boring. 

Field data were backed up to USB flash drive each day upon completion of data acquisition. 

Table 2. Logging dates and depth ranges 

R-09-025 

R-09-028 

SUSPENSION PS 1 

SUSPENSION PS 1 

3.3 - 160.8 

3.3 - 162.4 

175 

175 

1.6 

1.6 

1 1 /05/2009 

1 1/06/2009 
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DATA ANALYSIS 
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Suspension Analysis 

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms 

were analyzed to locate the niost prominent first minima, first maxima, or first break on the 

vertical axis records, indicating the arrival of P-wave energy. The difference in travel time 

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate the P-wave velocity for 

that 3.3-foot segment of the soil column. When observable, P-wave arrivals on the horizontal 

axis records were used to verify the velocities determined fiom the vertical axis data. The time 

picks were then transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the 

velocity calculations based on the arrival time picks made in PSLOG. 

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-R1) was also picked 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived from the travel time between receivers. In this analysis, the depth values as recorded 

were increased by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel 

times were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting 

0.35 milliseconds, the calculated and experimentally verified delay from source trigger pulse 

(beginning of record) to source impact. This delay corresponds to the duratioil of acceleration of 

the solenoid before impact. 

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to 

locate the presence of clear SH-wave pulses, as indicated by the presence of opposite polarity 

pulses on each pair of horizontal records. Ideally, the SH-wave signals from the 'normal' and 

'reverse' source pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass 

filtering can be used to remove the higher frequency P-wave signal fiom the SH-wave signal. 

Generally, the first maxima were picked for the 'normal' signals and the first minima for the 

'reverse' signals, although other points on the waveform were used if the first pulse was distorted. 

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +I- 0.2 milliseconds, 

due to differences in the actuation time of the solenoid source caused by constant mechanical 

bias in the source or by boring inclination. This variation does not affect the R1-R2 velocity 
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determinations, as the differential time is measured between arrivals of waves created by the 

same source actuation. The final velocity value is the average of the values obtained froin the 

'normal' and 'reverse' source actuations. 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 6.33-foot 

interval fi-om source to receiver 1 was calculated and plotted for verification of the velocity 

derived from the travel time between receivers. In this analysis, the depth values were increased 

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-Rl interval. Travel times were 

obtained by picking the first break of the SH-wave signal at the near receiver and subtracti~lg 

0.35 milliseconds, the calculated and experimentally verified delay from the beginning of the 

record at the source trigger pulse to source impact. 

These data and analysis were reviewed by Robert Steller as a component of GEOVisionYs in- 

house QA-QC program. 

Figure 2 shows an example of R1 - R 2  measurements on a sample filtered suspension record. In 

Figure 2, the time difference over the 3.3-foot interval of 1.88 milliseconds for the horizontal 

signals is equivalent to an SH-wave velocity of 1745 feetlsecond. Whenever possible, time 

differences were determined from several phase points on the SH-waveform records to verify the 

data obtained from the first arrival of the SH-wave pulse. Figure 3 displays the same record 

before filtering of the SH-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, 

illustrating the presence of higher frequency P-wave energy at the beginning of the record, and 

distortion of the lower frequency SH-wave by residual P-wave signal. 

GEOVision Reoort 9375-01 rev a Pane 17 nf 77 
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RESULTS 

Suspension Results 

Suspension R1-R2 P- and SH-wave velocities are plotted in Figures 4, 5, 6, 7, 8, and 9. The 

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8, 

respectively. These plots and data are included in the EXCEL analysis files transmitted 

separately. 

P- and St,-wave velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data 

are plotted together in Figures A-1 through A-6 to aid in visual comparison. It should be noted 

that R1 -R2 data are an average velocity over a 3.3-foot segment of the soil column; S-R1 data 

are an average over 6.33 feet, creating a significant smoothing relative to the R1-R2 plots. S-R1 

data are presented in Tables A-1 through A-6, and included in the EXCEL analysis files. 

Calibration procedures and records for the suspension PS measurement system are presented in 

Appendix B. 
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SUMMARY 

Discussion of Suspension Results 

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotary mud (rotaiy wash) methods, as were these borings. Thus data collected in these uncased 

borings was of veiy good quality. 

Suspension PS velocity data quality is judged based upon 5 criteria: 

1. Consistent data between receiver to receiver (R1 - R2) and source to receiver (S - R1) 

data. 

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated 

soils) 

3. Consistency between data from adjacent depth intervals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

5. Consistency of profile between adjacent borings, if available. 

These data show good correlation between R1 - R2 and S - R1. Additionally, there is a good 

coi-relatioil between P-wave and SH-wave velocities, as both show similar velocity inflections. 

Data from adjacent depth intervals are generally similar. P-wave and SH-wave onsets are clear 

and later oscillations are well damped. 

Velocity profiles between borings in the study area are generally similar. All borings exhibit SH- 

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over 

1,000 fps at depth. All borings show an increase to water velocitie~in the P-wave profiles at 10 - 

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a similar 

decrease in P-wave velocity at approximately 45 - 55 feet bgs which typically indicates an 

organic-rich zone. 
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Quality Assurance 

These boring geophysical measurements were performed using indust~y-standard or better 

methods for measurements and analyses. All work was performed under GEOVision quality 

assurance procedures, which include: 

Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instrumentation 

Use of standard field data logs 

0 Use of independent verification of velocity data by comparison of receiver-to-receiver and 

source-to-receiver velocities 

e Independent review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 

Suspension Data Reliability 

P- and SH-wave velocity measurement using the Suspension Method gives average velocities 

over a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the 

graphs. In uncased borings, individual measurements are very reliable, with estimated precision 

of +I- 5%. Standardized field procedures and quality assurance checks contribute to the 

reliability of the data. 
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Figure 1 : Concept illustration of P-S logging system 
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Far HN 
9.910 

Far HR 
10.14D 

Far U 
5.555 

Near HN 
8 .  D30 

Near HR 
8.260 

Near U 
5.095 

Figure 2: Example of filtered (1400 Hz lowpass) record 
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Far HN 
9.910 

Far HR 
16.140 

Far U 
5 .555 

Near  HN 
8.830 

Near  HR 
8.260 

Near  U 
5.095 

Figure 3. Example of unfiltered record 
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SCHUVLER HElM BRIDGE BOWING R189407 
Recelver to Recelver Vs and V, Analysls 

0 1666 2606 3000 4066 5660 8066 7066 
VELOCITY (ftfs) 

Figure 4: Boring R-09-007, Suspension R1 -R2 P- and &-wave velocities 
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Table 3.  Boring R-09-007, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 

Midpoint Between Midpoint Between 
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SCHUYLER HElM BRIDGE BORING R-09-014 
Receiver to Receiver V, and V,, Analysis 

140 
0 1 606 2066 3006 4800 5000 8006 7066 

VELOCITY (Ws) 

Figure 5: Boring R-09-014, Suspension Rl-R2 P- and SH-wave velocities 

-a- Near-Far Receivers, Vs 

-I+ Near-Far Receivers V 

1 I 1 . 1  I 1 
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 

American Units 

Depth at Velocity 1 
Midpoint Between Poisson's 

Receivers V, Ratio 11 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 

Midpoint Between Midpoint Between 
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SCHUYLER HElM BRIDGE BORING R11091021 
Recelver to Recelver V, and V, Anrlysls 

-+Near-Far Receivers, Vp 

I 1  I , .  I 1  I 

0 1 000 2000 3066 4000 5660 $000 7006 
VELOCITY (Ptls) 

Figure 6: Boring R-09-021, Suspension R1-R2 P- and SH-wave velocities 
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 

Midpoint Between Midpoint Between 
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SCHUYLER HElM BRIDGE BORING R-09-022 
Receiver to Receiver V, and V, Analysis 

Figure 7: Boring R-09-022, Suspension R1-R2 P- and SH-wave velocities 
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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SCHUYLER HElM BRIDGE BORING R49425 
Receiver to Receiver V, and V,, Analysis 

4000 
VELOCITY (ftls) 

Figure 8: Boring R-09-025, Suspension R1-R2 P- and SH-wave velocities 
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLEW HEIM BRIDGE BORING Rag428 
Recelver to Recelver V, and V, Analysls 

0 1 800 2808 3800 4808 5060 6080 7808 
VELOCITY (ftls) 

Figure 9: Boring R-09-028, Suspension R1-R2 P- and SH-wave velocities 



EarthMechanics Inc. Project Number 06-123 

Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 



Earth Mechanics Inc 

APPENDIX A 

Project Number 06-123 

SUSPENSION VELOCITY MEASUREMENT 
QUALITY ASSURANCE SUSPENSION SOURCE 

TO RECEIVER ANALYSIS RESULTS 
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ScnuYLER HEIM BRIDGE BORING ~ 4 8 4 0 7  
Source to Recelver and Recelver to Recalver Analysls 

0 

188 
0 1060 2006 3000 4000 5000 (3000 7000 

VELOCITY [ftls) 

-+ Source-Near Receiver, Vs 

--f- Near-Far Receivers, Vp 

Figure A-I. Boring R-09-007, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-I. Boring R-09-007, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

GEOVision Report 9375-01 rev a Page 44 of 72 November 11. 2009 
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SGHUYLER HElM BRIDGE BORING R494114 
Source to Recelvar and Recelver to Recalver Anerlysls 

+Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

, , , , , , , ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 1000 2000 3800 4000 5000 (3000 7000 

VELOCITY (Ws) 

Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and %-wave data 
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Table A-2. Boring R-09-014, S - R l  quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 
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SCHUYLER HElM BRIDGE BORING Rag1021 
Source to Recelver end Recelver to Recelver Anelysls 

-o- Source-Near Receiver, Vs 

-BI- Near-Far Receivers, Vp 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 1000 2000 3000 4000 5000 Q800 7000 

VELOCITY [Ws) 

Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 

P T ~ \  I : _ : _ -  m _ _ _ _ ~  n - 7 ~  n~ - n--- no ,r 71 h ~ - . . ~ - h ~ ~  4 4 ?nno 
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and Between Source and 
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SCHUYLER HEIM BRIDGE BOWING R491.022 
Source to Recelver and Recelver to Wecelver Analysls 

+Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

-11 Source-Near Receiver, Vp 

1 ,  s , . , . . . . . . . . . . . . . . .  

0 2000 4000 6000 8000 
VELOCITY [ftls) 

Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Depth at Midpoint Depth at  Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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SCHIJYLER HElM BRIDGE BORING R49426 
Source to Recelwer and Wecelwer to Recelwer Analysis 

Source-Near Receiver, Vs 

-is-Near-Far Receivers, Vp 

. . . . . . . . . . . . . . . . . . . . .  

Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-5. Boring R-09-025, S - R l  quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's  Ratio 
Based o n  Source-to-Receiver Travel Time Data - Borehole R-09-025 

Depth at Midpoint Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLER HEIM BRIDGE BORING R49428 
Source to Recelver and Recelver to Recelver Analysls 

-c- Source-Near Receiver, Vs  

-+ Near-Far Receivers, Vp 

-3-Source-Near Receiver, Vp  

Figure A-6. Boring R-09-028, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-6. Boring R-09-028, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Depth at Midpoint 

GEOVision Reoort 9375-01 rev a 
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APPENDIX B 

Project Number 06-1 23 

BORING GEOPHYSICAL LOGGING 
SYSTEMS - NlST "TRACEABLE CALIBRATION 
PROCEDURES AND CALlBlRATlON RECORDS 
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SON ES "' Calibration Report 

TLTetrology 
7300 Fen\~icIc Lane 
Westminster, CA 92683 
"loll. Free: 866-713-3257 

Manufacturer: Oyo 
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160023 
Serial Number: 160023 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

GEOVision Geophysical Services 
1 124 Olympic Drive 

Corona, CA 9288 1-3390 

Page I of 4 

IIIIIII I~lliQillY iiiil~l llllllll 
573794 

Lab Code: 105014-0 

Ambient Temuerature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 
Calibration Due Date: 0711 71201 0 
Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in  SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards Utilized 
I I.D. NO, - I Manufacturer ' . ]ry0del-~o. --- - - jlb:isc~~p_tion-- -. :-- - - - - - -1 Cal-Date 1 Due Date 

SI-01252 I Hewlett Packard 15335~ OPT 010,203o4o I Counter, Universal 1 01/29/2009 1 07/29/2009 

Sl-01347 I Hewlett Packard 13325A (Generator, Function, Synthesizer 1 05/04/2009 ] 11/04/2009 - I I 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISOllEC 17025:2005, ANSIINCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the uncertaif!&bbted isdhe e j p N e d  uncertainty of the measurement, where k=2. 

islon epor 5-01 rev a Page 65 of 72 November 11, 2009 

- ' . 1 %  . '  

Calibration Performed Byi - .  - c - -  - - t: --. -- - -- - - - - - L.- .,- - - - =  = --.;,: ; 
- - 

Branson, Craig A Metrologist 714-895-0714 
-- - 

Nn111e Title Phone 

<-'.- " 2--, - - . ' - -' - - - 
t-~~gitsr;,~e:vl@~e--- -..I> r . - , - -_  - .  - - >/'i 1 

-- 
Nnmc 

0112412009 S1 -03686 01/24/2010 910 Fluke Standard, Frequency, Controlled, Gps 



Earth Mechanics Inc. Project Number 06-123 

Test NO. 573794 Custom Specification Report 
Asset No. 160023 Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

I I I I I I 

FUNCTION 
TESTED 

Out 
of 

To1 

49.50 to 50.50 HZ 1 1 [EMU 0.000250] 
CH HN 

Frequency 
Sine Wave 

CALIBRATION 
TOLERANCE 

NOMINAL 
VALUE 

99.0 to 101.0 Hz 
[ E r n  0.000500] - 

100.0 Hz  

1000 Hz 
990 to 1010 Hz 1 loo0 I same 1 [EMU 0.005000] 

50.00 HZ 

198.0 to 202.0 Hz 
[EMU 0.001000] 200.0 

1980 to 2020 Hz / 2000 1 Same 1 I (EMU 0.010000) 

AS FOUND 

100.0 

Same 

495.0 to 505.0 Hz 
[EMU 0.002500] 1 I 

ASLEFT 

50.00 

Same 

same 

500.0 Hz 

49.50 to 50.50 HZ 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] --- -1 CH HR 

Frequency 
Sine Wave 

I 

M l ~ d C o u  CPM: I'ersiotr LIZ (Profissionnl) 

J.c Dm: (954BAF3D-C74D-4C9F-AEEF-IIEF56OBC4Sl (c) 

D o c  DUI: (~lBIOF47E-4CS1"4650-91CB-il05A72E361Cl/ (0) 

500.0 

198.0 to 202.0 Hz 
[EMU 0.001000] 

495.0 to 505.0 Hz 
[EMN 0.0025001 

990 to 1010 Hz 
[EMU 0.005000] 

1980 to 2020 Hz 
[EMU 0.0100001 1 t- 

ATTACHMENT 2 
Page 1 of 2 

Same 

50.00 Hz 

100.0 Hz 

49.50 to 50.50 HZ 
[EMU 0.000250I 

99.0 to 101.0 Hz 
W U  0.000500] 

198.0 to 202.0 Hz 
[EMU 0.001000] 

Customer 

I 

I 

I 

I 

CH V 
Frequency 
Sine Wave 

GEOVision R e ~ o r t  9375-01 rev a P a a e  66  of 72 Novernher 1 I 7009 

50.00 

100.0 

50.00 Hz 

100.0 Hz 

200.0 Hz 

-- - 

I 

Same 

Same 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 HZ 

I 

I 

50.00 

100.0 

200.0 

500.0 Hz 

200.0 

500.0 

1000 

2000 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

500.0 Same 
495.0 to 505.0 Hz 
[EMU 0.0025001 
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hIudCnlx CPhl: Versio~r 2.2.2 (Pro/czriorrol) ATTACHMENT 2 Customer 
Src DUI: /9548AF3D-C74D-4C9F-~lEEF-2IEFS60BC451] (c) 

Doc DUI: /ABIOI;J7E-4C5F-4650-9ICB-d05A72E361CI) (0) Page 2 of 2 
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'Earth Mechanics Inc 

SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

Counter rnfg.: 
Serial no.: 
By: 

OYO Model no.: 3403 
160023 Calibration date: 711 712009 
Craig Branson Due date: 711 71201 0 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: 1/29/2009 
SCE #S1-01252 Due date: 7/29/2009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: SCE #S1-01347 Due date: 1 1 /4/2009 

SYSTEM SETTINGS: 
Gain: 
Filter 

- 

I OKHz 
Range: See sample period in table below 
Delay: 0 
Stack (1 std) I 
System date = correct date and time 711 712009 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +/- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)lACT*l 00)% As found As left -0. 1 I */, 

Calibrated by: Craig Branson 711 712009 
Name Date / Signature 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Witnessed by: Robert Steller 711 712009 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Sample 
Period 

(micros) 
200 
I 00  
5 o 
20 
10 
5 

Name Date Signature 
Susoension PS Seismic RecorderILoaaer Calibration Data Form Rev 2.0 Julv 21. 2008 

GEOVision Re~or t  9375-01 rev a 

File 
Name 

401 
402 
403 
404 
405 
406 

Paae 68 of 72 November 11. 2009 

Time for 
9 cycles 

Hn (msec) 
1 ~ 0 , o o  
94.00 

45.00 
f 8.00 

9,000 
4.500 

Average 
Frequency 

Hn (Hz) 
50.00 
/oO.o 
ro6.o 
rj-06.0 
/ 000 

2000 

Average 
Frequency 

V (Hz) 
50,os 

/ O o . o  
200.0 
500. a 
99pi.q 
2400 

Time for 
9 cycles 

Hr (msec) 
/ 8 0 . 0 0  
40.00 
45. a 0  

/ 3.03 
=i.Q00 

Lf.Joa 

Average 
Frequency 

Hr (Hz) 
50.00 
lo0.0 
ZO.O.O 
500.0 
/Ooo 

La60 

Time for 
9 cycles 

V (msec) 
1 ~ 0 . 0 0  
?0.00 

Y 5-00 
/g .o0  

9 . 0 / 0  
'f.500 
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SON ES "' Calibration Report 

GEOVision Geophysical Services 
1 124 Olylnpic Drive 

Corona, CA 92881-3390 

Project Number 06-123 
Page 1 of 4 

I llllll IluiEilliill llll Ill1 
573795 

.. . I'oll Free: 866-72.3-2257 
Lab Code: 10501 4-0 

Manufacturer: oyo 
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160024 
Serial Number: 160024 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

Ambient Tem~erature: 23" C 
Ambient Humidity: 56% R H  
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 7/2009 
Calibration Due Date: 07/17/2010 
Calibration Interval: 12 Months 

Remarits: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by  Metrology Engineering and documented 
i n  SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards Utilized 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0. and in compliance with ISOIIEC 17025:2005, ANSllNCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the uncerta t ted i the kx anded uncertainty of the measurement, where k=2. 
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- 
-CdffD$$i 
01/29/2009 

05/04/2009 

01/24/2009 

- - 

SI-01252 

S1-01347 

51-03686 

Mbd-g! #+~~r&t~i:L~7jJ~~z-eiiL1:tt -- _I - ,-=>- ---, -* -r 

5 3 3 5 ~  OPT oi0,~03040 

3325A 

91 0 

- 
~ I e - ~ a t e  
07/29/2009 

11/04/2009 

01 1241201 0 - 

- - _ - . .  - : ~ a n ~ f ~ c t t ( r & ~ < ~ = -  :-- +-. - . - 
Hewlett Packard 

Hewlett Packard 

Fluke 

~&B~~i:II-~$fi~on'i&~r-"l -- _2:2ti-:uA-;5--- _ '-1-l _ - - _ *, , ,- : . ' ':I-" -7 
Counter, Universal 

Generator, Funct~on, Synthes~zer 

Standard, Frequency, Controlled, Gps 



Earth Mechanics Inc. ' Project Number 06-123 

Test No. 573795 
Asset No. 160024 

Custom Specification Report 
Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

STEP 
NUM 

100.0 Hz 

200.0 Hz 

FUNCTION 
TESTED 

CH HN 
Frequency 
Sine Wave 

I 500.0 Hz 

I 1000 Hz 

100.0 

200.2 

2000 Hz 

MudCnls CPM: I'ersio?~ 2.2.2 (ProJasiorlalJ 

Src DUl: (9548AF3D-C74D-4C9F-AEEFF2IEFS6OBC4S1) (c) 

Doc DUI: (1369C[1D2-3A13-41M-BIBF-J09D9887DDDA) (0) 

NOMINAL 
VALUE 

50.00 Hz 

500.0 

1000 

CH HR 
FI equency 
Sine Wave 

I 

I 

ATTACHMENT 2 
Page 1 of 2 

Same 

Same 

2000 

Customel- 

AS POUND 

50.00 

99.0 to 101.0 Hz 
[EMU 0.000500] 

198.0 to 202.0 Hz 
[ E m  0.001000] 

Same 

Same 

50.00 Hz 

100.0 Hz 

200.0 Hz 
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495.0 to 505.0 Hz 
[EMU 0.002500] 

[ERIU 0.005000] 
990 to 1010 Hz 

Same 

ASLEFT 

Same 

1980 to 2020 Hz 
[EMU o.oloOOol 1 

50.00 

100.0 

200.0 

500.0 

1001 

2000 

50.00 

100.0 

200.0 

500.0 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

I 

I 

I 

CH V 
Flequency 
Sine Wave 

I 

Out 
of 

TOI 

Same 

Same 

Same 

- 

CrnIBRATION 
TOLERANCE 

49.50 to 50.50 Hz 
[EMU 0.000250] 

49.50 to 50.50 Hz 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[ E m  0.0005001 

198.0 to  202.0 Hz 
[ E m  0.001000] 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

I 

I 

495.0 t o  505.0 Hz 
[EMU 0.002500] 

[EMU 0.005000] 
990 to 1010 Hz 

[EMU 0.010000] 
1980 to 2020 Hz 

49.50 to 50.50 Hz 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

198.0 to  202.0 Hz 
[ E m  0.001000] 

[EMU 0.002500J 
495.0 t o  505.0 Hz 



Earth Mechanics Inc. Project Number 06-123 

MlrdCnls CPhl: I'ersiosion -7.12 (ProJersior~ol) 

Src DUI: {PS48,lF3D-C74D-4CPF-AEEF-2IEFS6OBC45Ij (c) 

Doc DUI: /1269COB.'-3A13-4l6A-81BF-409D9887DDDd) (0) 

ATTACHMENT 2 
Page 2 of 2 
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Customer 



Earth Mechanics Inc 

SUSPENSION PS SEISMIC LOGGEWRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

OYO Model no.: 3403 
160024 Calibration date: 711 712009 
Craig Branson Due date: 711 71201 0 

Counter mfg .: Hewlett-Packard Model no.: 533514 
Serial no.: 2626A09881 Calibration date: 1 12912009 
By: SCE #S1-01252 Due date: 7/29/2009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 51412009 
By: SCE #S1-01347 Due date: 1 I /4/2009 

SYSTEM SETTINGS: 
Gain: 8 
Filter I OKHz 
Range: 
Delay: 
Stack (1 std) 
System date correct date and time 

See sample period in table below 
0 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)1ACThl 00)% As found 6. /o % AS left 0. 1 0  % 

Calibrated by: Craig Branson 711 712009 
Name Date "signature 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Witnessed by: Robert Steller 711 712009 
Name Date Signature 

I Suspension PS Seismic RecorderlLogger Calibration Data Form Rev 2.0 July 21, 2008 

GEOVision R e ~ o r t  9375-01 rev a 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Paae 72 of 72 November 1 1. 2009 

Sample 
Period 

(micros) 
200 
100 
50 
20 
10 
5 

File 
Name 

501 
502 
503 
504 
505 
506 

Time for 
9 cycles 

Hn (msec) 
I q o . b O  

9o.00 
YY.45  
I d . 0 0  
q.ooa 

Y.7'00 

Average 
Frequency 

Hn (Hz) 
50.00 

/Ob ,O  

200.2- 

500.0 
/ O O O  

Eboo 

Average 
Frequency 

V (Hz) 
50.00 
/ o O . o  
Z0o.Q 

/ oeo  
Zoo0 

Time for 
9 cycles 

Hr (msec) 
I80 ,oo  
919.00 
q5.00 
(3.00 

8.9CtO 
Y.500 

Average 
Frequency 

Hr (Hz) 
S O , ~ O  
/ O o . O  

200.0 

F- .o  
/ Q Q /  

zoo0 

Time for 
9 cycles 
V (msec) 
/88 .06  

90.00 
LI5.oo 
18.00 
9 . 0 0 ~  
4,500 



Appendix E. Laboratory Soil Test Results 



Laboratory No.: 

Date: 

Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) (pcf) 

R-09-01 I D-02 10 27.2 91.4 

R-09-011 D-04 20 26.6 97.2 

R-09-011 S-07 3 5 39.1 N A 

R-09-01 I D-08 40 35.1 87.9 

R-09-011 D-10 50 39.8 78.5 

R-09-011 S-I I 55 38.8 N A 

R-09-011 S-13 6 5 32.2 NA 

R-09-011 S-I 5 75 21.8 N A 

R-09-011 D-16 80 28.9 97.1 

R-09-011 S-19 110 22. I NA 
- - 

R-09-04 1 S-23 150 18.7 NA 

- 

- 

MOISTURE AND DENSITY "TEST RESULTS 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-011 D-I 0 50 0.50 

R-09-011 U-14 70 3.25 

F9OCKE"BPENETRQMETER DATA 

Earth Mechanics, Inc. Laboratory No.: 
Project Name: ACTA Heim Bridge Replacement 
Project Number: 06-1 23-03 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) (%) 

R-09-011 D-02 10 6.60 
R-09-011 D-04 2 0 4.17 
R-09-011 U-06 3 0 23.02 

.. 

PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



AP Engineering ek Testing, Ins. 

G M l N  SlZE DISTRIBUTION CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1211 I I09 

Checked by: AP Date: 1211 2/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE ZOARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

O R-09-011 S-07 35 0.00 14.12 85.88 29:23:6 CL-ML 

R-09-011 D-08 40 0.00 19.09 80.91 29:22:7 CL-ML 

n R-09-011 D-10 50 0.00 0.65 99.35 51:23:28 CH 



AP Engineering & Testing, Inc. 

G M I M  SIZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1 I09 
Checked by: AP Date: 1211 2/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 2 " I W  1"W WW #4 ##810#16 #30 #50 #I00 #200 

PARTICLE SIZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth . Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

O R-09-011 0-1 2 60 0.00 48.16 51.84 NIA ML 

R-09-011 U-14 70 0.00 40.02 59.98 NIP ML 

A R-09-011 S-15 75 0.07 91.69 8.24 NIA SP-SM 



AP Engineering i3 Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1 109 

Checked by: AP Date: 1211 2/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 
I 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

O R-09-011 S-17 90 0.00 85.42 14.58 NIA SM 

El R-09-011 S-I 9 11 0 0.00 84.84 15.16 NIA SM 

A R-09-011 S-23 150 7.02 75.27 17.71 NIA SM 



AP Engineering & Tesiing, Inc, 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 1211 2/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Number of Blows 

Symbol Boring Sample Depth LL PL PI U.S.C.S 

Number Number (feet) Symbol 

* R-09-011 S-07 35 29 23 6 CL-ML 

A R-09-011 D-08 40 29 22 7 CL-ML 



AP Engineering 8r Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-123-03 Checked By: AP Date: 1211 2/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

s - 

30 

One-point Test 25 

Number of Blows 

Boring Sample Depth LL PL PI U.S.C.S 
Number Number (feet) Symbol 

+ R-09-011 D-10 5 0 5 1 23 28 CH 

A R-09-011 S-I I 5 5 3 1 26 5 ML 



AP Engineering & Tesfing, inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: I 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 1211 2/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

One-point Test 

Number o f  B l o w s  

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

R-09-0 1 1 S-13 65 N P NP NP 

R-09-011 U-14 70 N P NP NP 



CORROSION TEST RESULTS 

AP Engineering & Testing, Inc. 

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1121 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 41 7 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 



SPECIFIC GMVITV 
ASTM D854 

AP Number: 29-1 121 

Client: Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement Data Input By: KM 
Project No. : 06-123-03 

OIL CLASSIFICATION 





Test Condition: 

CONSOblDAT18N CURVE roject NO.: 06-123-03 

ASPM D 2435 



Sample Type: 
Soil Description: 
Vertical Pressure (ksf): 
Test Condition: 

roject Name: ACTA Heim Bridge Replacement 

Cg4NSQLSDATIBN CURVE roject NO.: 06-123-03 

ASTM D 2435 



Sample Type: 
Soil Description: 
Vertical Pressure (ksf): 
Test Condition: 

CONSOLIDATION CURVE roject NO.: 06-123-03 

ASTM D 2435 



Soil Description: 
Vertical Pressure (ksf): 
Test Condition: 

roject Name: ACTA Heim Bridge Replacement 

CONSOLIDATION CURVE roject NO.: 06-123-03 

ASTM D 2435 



AP Engineering 8r Testing, lnc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 210 1 I09 

Boring No.: R-09-011 Date: 1211 1/09 

Sample No.: D-02 Depth (ft): I 0  

Description: Gray Poorly-Graded Sand w l  silt 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks 

Number Ring Wt. (ksf) Reading (psf) Reading (psf) 

I 187.49 42.13 0.5 61 2 360 

2 184.75 42.70 I .O 1464 696 

3 182.14 41.81 2.0 2232 1536 



AP Engineering & Testing, lnc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 27.2 % 
Moisture Content (after): 

Sample Type: Cal. Mod. 
Soil Description: Gray Poorly-Graded Sand w/ silt 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters Peak Ultimate 



AP Engineering 8( Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 12/01 109 

Boring No.: R-09-011 Date: 1211 1 109 

Sample No.: D-12 Depth (ft): 60 

Description: Gray Sandy Silt 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear 

(ksf) Reading (psf) Reading (psf) 

197.56 43.02 

196.67 44.97 

192.17 43.27 



AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 29.7 % 
Moisture Content (after): 

Sample Type: Cal. Mod. 
Soil Description: Gray Sandy Silt 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters Peak Ultimate 



VERTICAL STRESS (ksf) 

At Field Moisture After Saturation 

Initial Dry Unit Weight (pcf): 104.2 

Initial Moisture Content (%): 22.0 

Final Moisture Content (%): 20.4 

Assumed Specific Gravity: 

Soil Description: Sandy Silt Initial Void Ratio: 

CONSOLIDATION CURVE 
ASTM D 2435 



10 

Time (minutes) 

Boring No. : R-09-011 Sample Type: Shelby 

Sample No.: U-14 Soil Description: Sandy Silt 

Depth (feet): 70 Vertical Pressure (ksf): 1 

Test Condition: Saturated 

Time (minutes) I Dial Reading (inches) 
0. I 0.3868 

CONSOLIDATION CURVE 
ASTM D 2435 





1000 

Time (minutes) 

Sample Type: 
Soil Description: 
Vertical Pressure (ks9: 
Test Condition: 

CONSOLIDATION CURVE 
ASTM D 2435 



Sample Type: 
Soil Description: 
Vertical Pressure (ksf): 
Test Condition: 

CONSOLIDATION CURVE 
ASTM D 2435 



AP Engineering & Testing, inc. 

UNCONSOLIDATED UNDMINED TWlAXlAL TEST (UU,Q) 
ASTM B 2850 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-I4 Depth (feet): 70 

Soil Description Gray Sandy Silt 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch): Dry Unit Weight (pcf): 

Sample Weight (gms): 1149.87 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 131 0.1 9 Void Ratio for Gs=2.7: 

Wt. Dry Soil+Container(gms) 11 01.86 % Saturation: 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf): 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 



SUMMARY OF LABOMTORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement 

PROJECT NO.: 06-123-03 

DATE: 'll/23/2009 

EGL JOB NO. : 09-230-008 

CLIENT: Earth Mechanics, Inc 

SUMMARIZED BY: JT 

*LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index 



SUMMARY OF CORROSION TEES RESULTS 

PROJECT NAME: 

PROJECT NO.: 

DATE: 

ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008 

06-1 23-03 CLIENT: Earth Mechanics, Inc. 

1 1/30/2009 Summarized By: RJ 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1211 12009 SUMMARIZED BY: JT 





I I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1-X" 3/," 3/8" #4 # I 0  #20 #40 #I 00 #200 

GRAVEL 

1 0.1 

GRAIN SIZE (mm) 

COARSE I FINE ICOARS 1 MEDIUM I FINE 

SAND 

I 1 project Name: 

SILT OR CLAY 

SYMBOL 

EGL Project No: 09-230-008 

GRAINSIZE 

BORING 
No. 

R-09-014 

. . . . . . . . . 
ENVl RON MENTAL 
GEOTECHNOLOGY 

,, LABORATORY 

DISTRIBUTION CURVE 
1 1/29/09 (ASTM D422) FlGU 

ACTA Heim Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job NO: 06-1 23-03 

SAMPLE 
No. 

U-I I 

DEPTH 
(FT) 

50 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

CL 

LIQUID 
LIMIT 

49 

PLASTICITY 
INDEX 

25 





LI S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUM 

3" 1-2/2" 3/4" 3 #4 # I 0  #20 #40 #60 #jOO #200 

- 
L L  

I- 
Z 
W 

40 
0 
IY 
W 
a. 30 

20 

10 

0 
100 10 1 0.1 0.01 

GRAIN SlZE (rnm) 

SYMBOL BORING NO 

R-09-0 1 4 

. . . . . . . . . . . . . . . . . ENVl RON MENTAL ... . .... .x- ...,... . . .- . . . . , . . , .. - ....... .... .. GEOTECHNOLOGY 
7.. .. . - ., ...- ". - LABORATORY 

SAMPLE NO 

S-20 

Project Name: 
ACTA Heim Bridge Replacement 

client Job No.: 06-1 23-03 

Client Name: Earth Mechanics. Inc. 

EGL Project No: 09-230-008 

GRAIN SlZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FIGURE 

DEPTH 

(FT) 

110 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

SM 

LIQUID 
LIMIT 

N/A 

PLASTIC 
INDEX 

N/A 





AXIAL STRAIN (%) 

LAB0 RAT0 RY Earth Mechanics, Inc. 

(ASTM 02850) 





- - 
cr) 
n - 



AXIAL STRAIN (%) 

Earth Mechanics, Inc. 







0 1000 2000 3000 4000 5000 6000 

NORMAL PRESSURE (PSF) 

Boring No.: 

R-09-014 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (%) ("/.I 

2000 31.6 32.6 
4000 31.6 31.1 
6000 31.6 30.6 

No. 

D-06 

1 12/09 (ASTM D3080) ~ i ~ u r e l  

. . . . . . .  ............ ENVIRONMENTAL 

GEOTECHNOLOGY 

Depth (ft) 

3 0 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-1 23-03 

EGL Project No: 09-230-008 

DIRECT SHEAR 

Sample 

T Y P ~  

Ring 

Soil Type 

SM 

Symbol 

0 

17 

Cohesion 

(PSF) 
47 
47 

Friction 
Angle 

32 
32 



Laboratory No.: 

Date: 

Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) ( P C ~ )  

R-09-0 1 6 D-02 10 20.2 108.7 

R-09-016 S-03 15 28.8 NA 

R-09-016 D-04 2 0 29.2 93.9 

R-09-016 S-05 2 5 45.0 NA 

R-09-0 1 6 D-06 3 0 31.9 86.7 

R-09-016 D-08 40 56.2 65.9 

R-09-016 D-10-1 50 36.2 79.6 

R-09-016 D-I 0-2 50.5 41.8 78. I 

R-09-0 16 S-I I 55 35.8 N A 

R-09-016 D-12-1 60 33.7 - 88.3 -- 

R-09-016 D-15 75 24.3 100.3 

R-09-016 S-19 100 19.3 NA 

R-09-0 1 6 S-23 150 10.7 NA 

MOISTURE AND DENSITY TEST RESULTS 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Laboratory No.: 

Date: 

Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-016 D-06 3 0 1.46 

R-09-016 D-08 40 0.29 

R-09-016 U-09 45 1.50 

R-09-016 D-I 0-1 5 0 0.50 

R-09-016 D-10-2 50.5 0.54 

R-09-016 D-12-1 6 0 2.01 

POCKET PENE"6ROME"TR DATA 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) (%) 

R-09-016 S-01 5 56.60 
R-09-016 S-03 15 12.41 
R-09-016 S-13 65 32.94 
R-09-016 U-14 70 40.05 
R-09-016 S-16 80 9.89 

PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 

607 Pomona Boulevard. Pomona, California 91 768 



GRAVEL SAND SILT OR CLAY 

COARSE FINE ZOARSE MEDIUM FINE 
I 

AP Engineering & Testing, Inc. 

G M l N  SIZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 111 9/09 

ACTA Heim Bridge Replacement Computed by: KM Date: I 1/24/09 

Checked by: AP Date: 12/01 109 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SIZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines LL:PL:PI ASTM 

(feet) D 2487 

O R-09-016 S-05 25 0.00 31.51 68.49 NIA ML 

R-09-016 U-09 45 0.13 80.18 19.69 NIP SM 

A R-09-016 S-1 I 55 0.00 22.55 77.45 NIA CL 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

AP Engineering & Tesiing, inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: I I / I  9/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 
Checked by: AP Date: 12/01/09 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines LL:PL:PI U.S.C.S 

(feet) 

O R-09-016 D-12-2 60.5 0.00 3.14 96.86 NIA ML 

R-09-016 S-19 100 0.19 93.34 6.47 NIA SP-SM 

A R-09-016 S-22 135 16.45 74.72 8.83 NIA SW-SM 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/01/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 
70 

65 - 
Y 
c 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

R-09-016 D-04 20 NP NP NP 

A R-09-016 D-08 40 58 26 32 CH 



AP Engineering & Tesiing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 01/05/10 
Project No.: 06-123-03 Checked By: AP Date: 01/07/10 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Number of B l o w s  

Boring Sample Depth LL PL PI U.S.C.S 
Number Number (feet) Symbol 

R-09-016 S-07 35 N P NP NP 



AP Engineering & Tesfing. Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-123-03 Checked By: AP Date: 12/01/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test , , , . , , ,  

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

R-09-016 U-09 45 N P N P NP 

A R-09-016 D-10-1 50 45 22 23 C L 



AP Engineering & Tesiing, inc. 

ATTERBERC LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 01/05/10 
Project No.: 06-123-03 Checked By: AP Date: 01/11/10 

LIQUID LIMIT (LL) 

PROCEDURE USED 
40 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

+ R-09-017 S-09 45 24 2 0 4 CL-ML 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-123-03 Checked By: AP Date: 12/01/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 
40 

Y 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

R-09-016 D-12-1 60 NP NP NP 

R-09-016 U-14 70 NP NP NP 



SPECIFIC GRAVITY 
ASTM D854 

AP Number: 29-1121 

Client: Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement Data Input By: KM 

Project No. : 06-123-03 

SOIL CLASSIFICATION 



CORROSION TEST RESULTS 

AP Engineering & Testing, Inc. 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

R-09-016 

R-09-016 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 417 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 

S-0 1 

S-07 

5 

35 

ML 

SM 

91 0 

100 

8.0 

8.0 

353 

999 

1240 

13807 



AP Engineering & Testing, lnc. 

UNCONSOLIDATED UNDFIAINED TRIAXIAL TEST (UU,Q) 
ASTM D 2850 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-09 Depth (feet): 45 

Soil Description Gray Silty Sand 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch): Dry Unit Weight (pcf): 

Sample Weight (gms): 1241.34 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 1448.54 Void Ratio for Gs=2.7: 

Wt. Dry Soil+Container(gms) 11 86.41 % Saturation: 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf): 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 

Axial Strain (%) 



AP Engineering & Testing, Inc. 

UNCONSOLIDATED UNDRAlNED TRIAXIAL TEST (UU,Q) 
ASTM D 2850 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-I4 Depth (feet): 70 

Soil Description Gray Silty Sand 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch). Dry Unit Weight (pcf): 

Sample Weight (gms): 1303.38 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 1419.78 Void Ratio for Gs=2.7: 

Wt. Dry Soil+Container(gms) 1 165.60 % Saturation: 

Wt. Container (gms) 104.45 

Cell Pressure (ksf): 

Back Pressure (ksf): 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf). 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 

Axial Strain (%) 



Appendix F. Site-Specific Ground Motion Study Memorandum 
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Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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2006 ARS Criteria for Schuyler Heim Bridge 
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PSH De-aggregation Plot at PGA (USGS Beta)

Figure 3
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ACTA SCHUYLER HEIM BRIDGE 
REPLACEMENT PROJECT

Project No.   06-123 Date:     2-08-10
Idealized Soil Profiles for Site Response 

Analyses Figure 4
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ACTA SCHUYLER HEIM BRIDGE 
REPLACEMENT PROJECT

Project No.   06-123 Date:     2-08-10
Spectral Plots of Free-Field Motions of South 

Side at z=0 ft Figure 5
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ACTA SCHUYLER HEIM BRIDGE 
REPLACEMENT PROJECT

Project No.   06-123 Date:     2-08-10
Spectral Plots of Free-Field Motions of North 

Side at z=0 ft Figure 6
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ACTA SCHUYLER HEIM BRIDGE 
REPLACEMENT PROJECT

Project No.   06-123 Date:     2-08-10
Spectral Plots of Free-Field Motions of Channel 

at z=0 ft Figure 7
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ACTA SCHUYLER HEIM BRIDGE 
REPLACEMENT PROJECT

Project No.   06-123 Date:     2-08-10
Comparison of Caltrans SDC 2006 and 2009 

ARS Curves Figure 8
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 7.39 in

Min= -16.2 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 4 - FP

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 19.5 in/s

Min= -29 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.43 g

Min= -0.51 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 
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Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
 
DATE: February 2, 2010 EMI PROJECT NO: 06-123-03 
 

PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  

COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  

PREPARED BY: Arul K. Arulmoli, Eric Brown & Patrick Wilson / Earth Mechanics, Inc. 
 

SUBJECT: ACTA Schuyler Heim Bridge (Replace) 
 Los Angeles and Long Beach, CA 
 Bent Foundation Lateral Pile Analysis (p-y Curve Comparison) 
 
 
Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge (Replace) and associated ramp structures (New Dock Street On-Ramp, New Dock Street 
Off-Ramp, State Route-103 On-Ramp and State Route-103 Off-Ramp) in the cities of Los 
Angeles and Long Beach, California.  

This memorandum summarizes the results of our lateral pile analysis following completion of 
the recent field investigation and laboratory testing program and is intended to verify that p-y 
curves developed during the preliminary design phase are suitable and conservative for use in 
final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California. The bridge is located on SR-47 and spans the Cerritos Channel generally 
between Pier A Way on the north side and W. Ocean Boulevard on the south side.

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge and the new alignment shifts east along the existing alignment. The 
proposed fixed bridge will have an elevated profile to provide a vertical clearance of about 47 
feet over a mean high water level (MHWL) of +4.7 feet in the Cerritos Channel and maintain a 
navigable channel width of 180 feet. The proposed bridge will also include southbound exit 
ramps and northbound entrance ramps at New Dock Street and State Route (SR) 103. 
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The typical bridge bent will have either multiple columns (mainline) or single columns (ramp 
structures) supported on Type II cast-in-drilled-hole (CIDH) piles. South of Cerritos Channel, the 
CIDH piles are 10 ft diameter while the spans across Cerritos Channel and north of Cerritos 
Channel are supported on 11 to 12 ft diameter CIDH piles. The abutments for the mainline and 
the ramp structures are expected to be supported on 2.5-foot diameter CIDH piles; however the 
subject memorandum only pertains to the bent pile analysis. 

Project Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by EMI (EMI, 
2006) based upon existing subsurface information available at the time and was intended to be 
used for bridge type selection and preliminary design. The PFR included a general description of 
the subsurface conditions including eight idealized soil profiles along the proposed structure 
alignment with each idealized soil profile typically spanning across multiple bents. The idealized 
soil profile was used by EMI to develop pile lengths for cost estimating purposes based upon 
preliminary design loads provided by the designers. Each idealized soil profile included 
stratigraphy and idealized soil strength parameters (unit weight, friction angle and undrained 
shear strength) including post-liquefaction “residual” shear strengths for the layers identified as 
being potentially liquefiable based on a liquefaction analysis performed on the existing soil 
borings.  

It is our understanding that following approval of bridge type selection, design soil springs (p-y 
curves) were generated by Caltrans using the idealized soil profiles provided in the PFR (EMI, 
2006). The preliminary p-y curves were intended to be used during the initial stages of design 
until a project specific geotechnical field investigation was conducted and the bridge foundation 
report was prepared. A set of p-y curves was generated at each bent of the mainline and ramp 
structures for a single 10-ft diameter CIDH pile and included reduced soil strengths for the layers 
identified in the PFR as potentially liquefiable. Since the project specific geotechnical field 
investigation could not be initiated until late during the project timeline, the preliminary p-y 
curves were used by the Caltrans bridge designers in final design. Based upon our conversations 
with the bridge designers, the only modifications that were made to the preliminary p-y curves 
was the application of a p-multiplier of 1.2 to curves where the CIDH pile diameter was 
increased to 12 ft.  

In September 2009, EMI was requested by the Alameda Corridor Transportation Agency 
(ACTA) to perform the project-specific geotechnical field investigation which when completed 
consisted of 42 rotary wash borings, 33 cone penetration test (CPT) soundings and 8 hollow-
stem auger borings along the proposed bridge and ramp alignment; including at least one boring 
performed near each support of the proposed structure. After completion of the geotechnical field 
investigation and laboratory testing program, a complete liquefaction analysis was conducted 
using the new boring information and the idealized soil profile along the proposed bridge 
alignment was revised.  

Because the geotechnical field investigation was not able to be initiated until late during the 
project timeline, re-analyzing the structure based upon p-y curves generated using the updated 
soil profile was not feasible given project deadlines. Therefore, EMI performed a set of lateral 
pile analyses at selected bent locations representing the entire bridge alignment to compare the 
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preliminary p-y curves (referred to as Design Curves in this memorandum) generated from the 
idealized soil profiles in the PFR to the p-y curves developed using the updated soil profile 
(referred to as Revised Profile Curves in this memorandum) to verify that the preliminary curves 
are suitable and conservative for use in final design.  

Method of Analysis 

As described above, the Design Curves were generated from eight different soil profiles provided 
in the PFR (EMI, 2006). For comparison purposes, five bent locations were selected where the 
individual p-y curves and the overall pile behavior (pile head shear resistance and maximum pile 
moment versus pile-top deflection) could be compared. The bents selected for comparison were 
at locations where five of the eight different soil profiles generated during preliminary design 
could be analyzed. The bent locations selected consisted of two bents south of Cerritos Channel 
(Bent 2 and Bent 11), one of the bents inside the Cerritos Channel (Bent 14) and two bents north 
of Cerritos Channel (Bent 18 and Bent 24). The five different idealized soil profiles are shown in 
Figures 1 to 5.  

A review of the Design Curves indicated that coarse-grained soils appear to have been developed 
using the method proposed by Reese et al. (1974) and fine-grained soils appear to have been 
developed using the method proposed by Reese and Cox (1975) for stiff clay in the presence of 
free water. The Revised Profile Curves generated by EMI were developed using API criteria 
(2000) for coarse grained soils, Matlock’s soft clay criteria (Matlock, 1970) for clays with 
undrained shear strength less than 1 ksf and Reese’s method (Reese and Cox, 1975) for stiff clay 
in the presence of free water  for clays with an undrained shear strength greater than 1 ksf.  

For comparison of the individual p-y curves, the design curves were provided by the designers. 
The Revised Profile Curves were generated using LPILE (Ensoft, 2004) based upon the revised 
idealized soil profile developed at the different bent locations. For the comparison of overall pile 
behavior (pile head shear resistance and pile moment versus pile-top deflection), the Design 
Curves were input into LPILE using the “user input p-y curves” option. Based upon our 
conversations with the designers, a “cracked” section modulus (EI) equal to 75% of the gross EI 
was used for both models.  

Liquefiable Soil. As described above, the Design Curves were generated from soil profiles that 
indicated the presence of potentially liquefiable material. Based upon a review of the Design 
Curves, liquefied strengths were generated by applying a p-reduction factor varying between 
0.15 and 0.20 for potentially liquefiable layers.  

The Revised Profile Curves were generated based upon an updated liquefaction analysis 
performed on the borings completed in the EMI field investigation. Liquefied soil strengths for 
layers identified to be potentially liquefiable were modeled using a p-reduction factor based upon 
the values provided in Ashford et al. (2008). The p-reduction factors are correlated to an average 
normalized clean sand SPT blowcount (N1)60-CS for the liquefiable layer with discrete values 
provided for a range of (N1)60-CS. An approximate trend line was drawn through the ranges 
proposed by Ashford and used in the analysis as shown in Figure 6.  
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Group Effects. It is our understanding that the Design Curves were generated prior to Caltrans 
implementation of the AASHTO LRFD Bridge Design Specifications (AASHTO, 2007) which 
required p-reduction factors to p-y curves to account for group effects. P-reduction factors to 
account for group effects for the Revised Profile Curves followed the recommendations for pile 
group efficiency reduction factors provided in Caltrans Amendments to AASHTO LRFD BDS 
(Caltrans, 2008) and were based upon the CIDH pile on-center spacing in the bridge transverse 
direction at the individual bent locations. Since each bent consists of a single row of piles, the 
bridge transverse direction controls the pile design as it has a greater group reduction than the 
longitudinal direction. The pile spacing and p-reduction factors used in the analysis for each bent 
are listed in Table 1.  

Table 1. Group Reduction Factors for Revised Profile Curves 

Bent Location Pile Diameter (ft) Average Spacing in 
Transverse Direction (ft) 

P-Reduction Factor for 
Group Effects 

Bent 2 10 30 = 3.0 x D 0.53 

Bent 11 10 36 = 3.6 x D 0.61 

Bent 14 12 33 = 2.9 x D 0.48 

Bent 18 12 35 = 3.0 x D 0.53 

Bent 24 12 45 = 4.0 x D 0.67 

Note: Group reduction effects were not accounted for in development of Design Curves. 

Groundwater. The design groundwater elevation for the Revised Profile Curves was placed at an 
elevation of +5 ft MLLW or the ground surface in locations where proposed grade is indicated 
on the plans as being below elevation +5 ft MLLW.  

Results 

The revised soil profiles resulting from the information gathered during the recent investigation 
are generally consistent with those provided in the PFR that were used to develop the Design 
Curves. Site soils can be characterized by alluvial deposits consisting of loose to medium dense 
fine-grained silty sand and sandy silt with abundant silty clay and clayey silt layers between the 
ground surface and about 50 to 70 ft below grade. The near surface alluvium is underlain by 
dense to very dense coarse-grained Gaspur Formation sand. The coarse grained portions of the 
alluvium is generally liquefiable with some pockets and lenses with medium dense to dense 
consistency that are not considered susceptible to liquefaction.  

Since lateral pile behavior is primarily dictated by the soil profile within the upper portion of the 
pile (within about 5 to 7 pile diameters from the pile top), the lateral pile stiffness throughout the 
project is dominated by soft to stiff fine-grained material and liquefiable sand. In generating the 
revised soil profiles, the recent soil borings and laboratory test results justify using more 
appropriate p-reduction factors to account for liquefaction throughout the profile and higher 
undrained shear strengths in some of the fine-grained material. Though the Design Curves were 
generated during early stages of the project without considering group effects, when the more 
appropriate p-reduction factors for liquefiable soils and increased undrained shear strengths for 
the appropriate fine-grained soils are used in conjunction with the group reduction factors, the 
Revised Profile Curves are generally comparable to the Design Curves. Figures 7 to 11 show the 
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Design Curves plotted along side the Revised Profile Curves at each bent location for the top 100 
ft of pile length.   

Due to some revisions in the idealized soil profile stratigraphy based upon the new soil 
information, there are some depths that the Revised Profile Curves model a layer or a portion of 
a layer as softer than the Design Curves; therefore, it isn’t necessarily clear upon initial 
inspection which set of p-y curves generates a more conservative soil model. Based upon our 
conversations with the designers, performing a pile pushover analysis using a free-head pile, the 
curves that generate a pile response where a smaller pile-head shear is required to produce a 
prescribed lateral pile displacement is considered to be more conservative. In addition, since 
earthquake loading on a bridge is force based (i.e., mass times the spectral acceleration), the 
curve that predicts more moment in the pile for a given pile-head shear would also be an 
indication of a more conservative analysis. 

For the five different bents considered, the lateral pile head shear and maximum moment are 
plotted against lateral pile-top displacement in Figures 12 to 16 using the analysis methods 
described above. Figures 12, 15 and 16 show that for Bent 2, Bent 18 and Bent 24, respectively, 
the Design Curves produce a more conservative lateral pile response than the analysis using the 
Revised Profile Curves. For Bent 11 and Bent 14 shown in Figures 13 and 14, respectively, the 
lateral pile head shear to produce the same lateral pile deflection is about 15 percent less for the 
Revised Profile Curves than that for the Design Curves. These differences are considered small 
and acceptable. In addition, as shown in Figures 12 through 16, the maximum moments for given 
pile-head shear values predicted using the Design Curves are approximately equal to or greater 
those predicted using the Revised Profile Curves. 

Conclusions 

Based upon the results of the above described analysis and our discussions with the designers, 
we conclude that the Design Curves are appropriate for use in the bridge final design as they 
typically generate a more conservative lateral pile response than the response predicted by the 
Revised Curves.  
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Range from Table 1
Simplified trendline

Chart for selecting p-multiplier based on (N1)60cs

Recommended values (after Ashford et al. 2008)



y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 90 0.20 1,436 0.17 180 0.20 1,853 0.17 270 0.20 2,263

0.34 162 0.40 2,753 0.34 341 0.40 3,538 0.34 502 0.40 4,271

0.50 182 0.60 3,869 0.50 384 0.60 4,943 0.50 569 0.60 5,873

0.67 197 0.80 4,753 0.67 418 0.80 6,032 0.67 622 0.80 7,046

0.83 210 1.00 5,416 0.83 447 1.00 6,829 0.83 666 1.00 7,852

1.00 221 1.20 5,894 1.00 472 1.20 7,389 1.00 705 1.20 8,381

1.16 231 1.40 6,228 1.16 494 1.40 7,771 1.16 739 1.40 8,719

1.33 240 1.60 6,457 1.33 514 1.60 8,025 1.33 770 1.60 8,931

1.50 248 1.80 6,611 1.50 532 1.80 8,193 1.50 799 1.80 9,062

1.67 256 2.00 6,715 1.67 549 2.00 8,303 1.67 825 2.00 9,143

1.84 263 2.20 6,783 1.84 565 2.20 8,374 1.84 850 2.20 9,192

2.00 269 2.40 6,829 2.00 579 2.40 8,420 2.00 873 2.40 9,222

4.50 365 5.40 6,916 4.50 794 5.40 8,503 4.50 1,210 5.40 9,269

124.50 365 149.40 6,916 124.50 794 149.40 8,503 124.50 1,210 149.40 9,269

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 360 0.20 512 0.17 522 0.17 547 0.25 3,765 0.17 5,521

0.34 631 0.40 967 0.34 744 0.33 1,058 0.50 5,325 0.33 10,523

0.50 720 0.60 1,330 0.50 868 0.50 1,509 0.76 6,204 0.50 14,668

0.67 792 0.80 1,597 0.67 970 0.67 1,885 1.01 6,775 0.67 17,855

0.83 852 1.00 1,780 0.83 1,056 0.83 2,184 1.26 7,164 0.83 20,166

1.00 904 1.20 1,900 1.00 1,132 1.00 2,414 1.51 7,425 1.00 21,774

1.16 951 1.40 1,977 1.16 1,201 1.17 2,586 1.76 7,585 1.17 22,858

1.33 993 1.60 2,026 1.33 1,264 1.33 2,711 2.02 7,664 1.33 23,576

1.50 1,032 1.80 2,055 1.50 1,322 1.50 2,802 2.27 7,676 1.50 24,045

1.67 1,069 2.00 2,074 1.67 1,377 1.67 2,866 2.52 7,629 1.67 24,348

1.84 1,103 2.20 2,085 1.84 1,428 1.83 2,911 2.77 7,532 1.83 24,543

2.00 1,134 2.40 2,092 2.00 1,476 2.00 2,943 3.02 7,390 2.00 24,668

4.50 1,599 5.40 2,103 4.50 2,182 4.50 3,016 5.04 5,330 4.50 24,888

124.50 1,599 149.40 2,103 124.50 2,182 124.50 3,017 7.06 3,268 124.50 24,889

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 6,081 0.17 7,430 0.25 3,765 0.17 9,074 0.17 5,976 0.17 10,832

0.34 7,867 0.33 14,426 0.50 5,325 0.33 17,775 0.34 9,023 0.33 21,341

0.50 9,145 0.50 20,652 0.76 6,204 0.50 25,790 0.50 11,483 0.50 31,242

0.67 10,176 0.67 25,918 1.01 6,775 0.67 32,904 0.67 13,624 0.67 40,316

0.83 11,056 0.83 30,186 1.26 7,164 0.83 39,014 0.83 15,557 0.83 48,423

1.00 11,830 1.00 33,525 1.51 7,425 1.00 44,113 1.00 17,338 1.00 55,503

1.16 12,527 1.17 36,068 1.76 7,585 1.17 48,270 1.16 19,001 1.17 61,565

1.33 13,164 1.33 37,963 2.02 7,664 1.33 51,593 1.33 20,571 1.33 66,668

1.50 13,753 1.50 39,354 2.27 7,676 1.50 54,208 1.50 22,063 1.50 70,902

1.67 14,302 1.67 40,363 2.52 7,629 1.67 56,241 1.67 23,489 1.67 74,373

1.84 14,817 1.83 41,089 2.77 7,532 1.83 57,807 1.84 24,858 1.83 77,191

2.00 15,303 2.00 41,609 3.02 7,390 2.00 59,004 2.00 26,177 2.00 79,461

4.50 22,408 4.50 42,867 5.04 5,330 4.50 62,636 4.50 45,628 4.50 87,868

124.50 22,408 124.50 42,874 7.06 3,268 124.50 62,684 124.50 45,628 124.50 88,090

Figure 7
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 90 0.20 108 0.17 180 0.20 185 0.17 270 0.05 229

0.34 162 0.40 208 0.34 341 0.40 359 0.34 502 1.58 723

0.50 182 0.60 295 0.50 384 0.60 512 0.50 569 3.15 910

0.67 197 0.80 367 0.67 418 0.80 640 0.67 622 4.73 1,042

0.83 210 1.00 423 0.83 447 1.00 743 0.83 666 6.30 1,147

1.00 221 1.20 465 1.00 472 1.20 822 1.00 705 7.88 1,235

1.16 231 1.40 496 1.16 494 1.40 881 1.16 739 9.45 1,313

1.33 240 1.60 518 1.33 514 1.60 925 1.33 770 11.03 1,382

1.50 248 1.80 533 1.50 532 1.80 956 1.50 799 12.60 1,445

1.67 256 2.00 544 1.67 549 2.00 979 1.67 825 14.18 1,503

1.84 263 2.20 551 1.84 565 2.20 995 1.84 850 15.75 1,557

2.00 269 2.40 556 2.00 579 2.40 1,006 2.00 873 17.33 1,607

4.50 365 5.40 567 4.50 794 5.40 1,032 4.50 1,210 18.90 1,654

124.50 365 149.40 568 124.50 794 149.40 1,033 124.50 1,210 50.40 2,294

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 359 0.05 256 0.17 539 0.04 245 0.17 461 0.17 324

0.34 629 1.58 808 0.34 740 1.31 771 0.34 678 0.33 612

0.50 719 3.15 1,018 0.50 869 2.63 972 0.50 850 0.50 843

0.67 790 4.73 1,165 0.67 973 3.94 1,112 0.67 998 0.67 1,012

0.83 850 6.30 1,282 0.83 1,062 5.25 1,224 0.83 1,130 0.83 1,130

1.00 902 7.88 1,381 1.00 1,141 6.56 1,319 1.00 1,251 1.00 1,208

1.16 949 9.45 1,468 1.16 1,212 7.88 1,402 1.16 1,363 1.17 1,257

1.33 991 11.03 1,545 1.33 1,278 9.19 1,475 1.33 1,468 1.33 1,289

1.50 1,030 12.60 1,616 1.50 1,338 10.50 1,543 1.50 1,567 1.50 1,308

1.67 1,066 14.18 1,680 1.67 1,395 11.81 1,604 1.67 1,662 1.67 1,320

1.84 1,100 15.75 1,740 1.84 1,448 13.13 1,662 1.84 1,753 1.83 1,328

2.00 1,132 17.33 1,797 2.00 1,499 14.44 1,715 2.00 1,840 2.00 1,332

4.50 1,594 18.90 1,849 4.50 2,236 15.75 1,766 4.50 3,121 4.50 1,340

124.50 1,594 50.40 2,565 124.50 2,236 42.00 2,449 124.50 3,121 124.50 1,340

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.25 3,765 0.17 584 0.25 3,765 0.25 3,063 0.17 11,128 0.17 9,360

0.50 5,325 0.33 1,135 0.50 5,325 0.50 4,332 0.34 16,961 0.33 18,242

0.76 6,204 0.50 1,626 0.76 6,204 0.76 5,047 0.50 21,702 0.50 26,260

1.01 6,775 0.67 2,041 1.01 6,775 1.01 5,511 0.67 25,850 0.67 33,178

1.26 7,164 0.83 2,379 1.26 7,164 1.26 5,828 0.83 29,606 0.83 38,920

1.51 7,425 1.00 2,643 1.51 7,425 1.51 6,040 1.00 33,077 1.00 43,533

1.76 7,585 1.17 2,845 1.76 7,585 1.76 6,170 1.16 36,327 1.17 47,142

2.02 7,664 1.33 2,996 2.02 7,664 2.02 6,235 1.33 39,400 1.33 49,910

2.27 7,676 1.50 3,107 2.27 7,676 2.27 6,244 1.50 42,325 1.50 51,998

2.52 7,629 1.67 3,188 2.52 7,629 2.52 6,206 1.67 45,125 1.67 53,555

2.77 7,532 1.83 3,246 2.77 7,532 2.77 6,127 1.84 47,817 1.83 54,706

3.02 7,390 2.00 3,288 3.02 7,390 3.02 6,011 2.00 50,414 2.00 55,551

5.04 5,330 4.50 3,389 5.04 5,330 5.04 4,336 4.50 88,729 4.50 57,780

7.06 3,268 124.50 3,390 7.06 3,268 7.06 2,658 124.50 88,729 124.50 57,797

Figure 8

Revised Profile

p-y Curve Comparison for Bent 11
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.22 1,631 0.71 1,055 0.24 2,252 0.53 1,555 0.26 2,862 0.53 1,796

0.42 2,306 1.43 1,491 0.49 3,185 1.05 2,200 0.53 4,047 1.07 2,540

0.64 2,660 2.14 1,735 0.73 3,688 1.58 2,561 0.79 4,697 1.60 2,958

0.85 2,870 2.86 1,891 0.97 3,999 2.10 2,794 1.04 5,106 2.13 3,229

1.06 2,997 3.57 1,996 1.21 4,198 2.63 2,952 1.31 5,375 2.67 3,414

1.27 3,064 4.29 2,065 1.46 4,316 3.15 3,057 1.57 5,542 3.20 3,536

1.49 3,085 5.00 2,105 1.70 4,372 3.68 3,120 1.84 5,631 3.73 3,611

1.69 3,068 5.71 2,122 1.94 4,378 4.20 3,149 2.10 5,657 4.27 3,647

1.91 3,019 6.43 2,121 2.18 4,341 4.73 3,150 2.36 5,630 4.80 3,651

2.12 2,944 7.14 2,102 2.44 4,268 5.25 3,127 2.62 5,558 5.33 3,627

2.33 2,844 7.86 2,069 2.68 4,163 5.78 3,083 2.88 5,445 5.87 3,578

2.54 2,724 8.57 2,024 2.92 4,032 6.30 3,021 3.14 5,300 6.40 3,510

4.24 1,978 14.29 1,463 4.86 2,926 10.50 2,181 5.24 3,841 10.67 2,532

5.94 1,230 20.00 902 6.80 1,820 14.71 1,341 7.34 2,382 14.93 1,554

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.28 3,375 0.37 2,691 0.20 1,234 0.21 3,600 0.20 2,530 0.22 3,613

0.55 4,773 0.74 3,805 0.40 2,467 0.43 5,092 0.40 5,059 0.43 5,110

0.83 5,547 1.12 4,432 0.60 3,701 0.64 5,931 0.60 7,589 0.65 5,953

1.10 6,041 1.49 4,837 0.80 4,120 0.86 6,475 0.80 8,955 0.86 6,500

1.39 6,371 1.86 5,113 1.00 4,395 1.07 6,846 1.00 9,591 1.08 6,874

1.67 6,583 2.23 5,296 1.20 4,632 1.29 7,093 1.20 10,144 1.29 7,123

1.94 6,703 2.61 5,408 1.40 4,843 1.50 7,244 1.40 10,637 1.51 7,277

2.22 6,750 2.98 5,461 1.60 5,033 1.71 7,317 1.60 11,083 1.73 7,353

2.50 6,735 3.35 5,466 1.80 5,208 1.93 7,326 1.80 11,491 1.94 7,364

2.77 6,667 3.72 5,429 2.00 5,368 2.14 7,279 2.00 11,870 2.16 7,319

3.05 6,553 4.10 5,356 2.20 5,518 2.36 7,183 2.20 12,223 2.37 7,225

3.32 6,400 4.47 5,251 2.40 5,659 2.57 7,044 2.40 12,555 2.59 7,088

5.54 4,631 7.45 3,790 5.40 7,701 4.29 5,083 5.40 17,381 4.32 5,113

7.76 2,861 10.43 2,327 149.40 7,701 6.00 3,119 149.40 17,381 6.04 3,135

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0

0.20 5,410 0.20 3,604 0.20 12,610 0.18 9,154

0.40 10,819 0.40 6,576 0.40 25,219 0.37 17,902

0.60 13,502 0.60 8,661 0.60 34,932 0.55 25,909

0.80 15,196 0.80 9,964 0.80 41,608 0.73 32,951

1.00 16,655 1.00 10,720 1.00 47,654 0.92 38,933

1.20 17,951 1.20 11,140 1.20 53,241 1.10 43,863

1.40 19,125 1.40 11,368 1.40 58,472 1.28 47,829

1.60 20,203 1.60 11,490 1.60 63,417 1.47 50,956

1.80 21,205 1.80 11,554 1.80 68,125 1.65 53,382

2.00 22,143 2.00 11,588 2.00 72,632 1.83 55,243

2.20 23,028 2.20 11,607 2.20 76,965 2.02 56,657

2.40 23,866 2.40 11,616 2.40 81,146 2.20 57,723

5.40 36,124 5.40 11,627 5.40 142,818 4.95 60,806

149.40 36,124 149.40 11,627 149.40 142,818 136.95 60,840

Figure 9
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.14 115 0.23 231 0.19 195 0.06 288 0.22 268 0.06 312

0.29 162 0.47 459 0.38 275 2.00 906 0.42 379 2.00 983

0.43 186 0.70 679 0.58 318 3.99 1,142 0.64 439 3.99 1,239

0.58 199 0.93 889 0.77 344 5.99 1,307 0.85 477 5.99 1,418

0.72 206 1.17 1,086 0.97 361 7.98 1,438 1.06 502 7.98 1,560

0.86 209 1.40 1,269 1.16 370 9.98 1,549 1.27 517 9.98 1,681

1.01 208 1.63 1,436 1.36 374 11.97 1,646 1.49 524 11.97 1,786

1.15 204 1.87 1,586 1.55 374 13.97 1,733 1.69 526 13.97 1,880

1.30 198 2.10 1,721 1.74 370 15.96 1,812 1.91 523 15.96 1,966

1.44 190 2.33 1,841 1.93 363 17.96 1,885 2.12 515 17.96 2,045

1.57 180 2.57 1,946 2.12 353 19.95 1,952 2.33 504 19.95 2,118

1.72 169 2.80 2,037 2.32 340 21.95 2,015 2.54 490 21.95 2,186

2.87 122 6.30 2,522 3.86 247 23.94 2,074 4.25 355 23.94 2,251

4.02 74 174.30 2,560 5.41 154 63.84 2,877 5.94 221 63.84 3,121

100.00 74 342.30 2,560 100.00 154 119.70 2,877 100.00 221 119.70 3,121

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 186 0.23 757 0.17 402 0.20 872 0.25 4,519 0.05 382

0.34 350 0.47 1,479 0.34 722 0.40 1,690 0.50 6,390 1.53 1,203

0.50 395 0.70 2,136 0.50 822 0.60 2,410 0.76 7,445 3.06 1,516

0.67 429 0.93 2,711 0.67 902 0.80 3,011 1.01 8,129 4.59 1,735

0.83 458 1.17 3,195 0.83 969 1.00 3,490 1.26 8,597 6.12 1,910

1.00 483 1.40 3,591 1.00 1,027 1.20 3,859 1.51 8,910 7.65 2,057

1.16 505 1.63 3,907 1.16 1,080 1.40 4,134 1.76 9,102 9.18 2,186

1.33 526 1.87 4,153 1.33 1,127 1.60 4,336 2.02 9,197 10.71 2,301

1.50 544 2.10 4,342 1.50 1,171 1.80 4,481 2.27 9,211 12.24 2,406

1.67 561 2.33 4,486 1.67 1,211 2.00 4,585 2.52 9,155 13.77 2,502

1.84 577 2.57 4,594 1.84 1,249 2.20 4,658 2.77 9,038 15.30 2,592

2.00 592 2.80 4,675 2.00 1,284 2.40 4,710 3.02 8,868 16.83 2,675

4.50 808 6.30 4,902 4.50 1,800 5.40 4,829 5.04 6,396 18.36 2,754

124.50 808 174.30 4,904 124.50 1,800 149.40 4,829 7.06 3,922 48.96 3,819

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.25 4,519 0.20 798 0.25 4,519 0.54 1,996 0.17 7,207 0.20 8,099

0.50 6,390 0.40 1,559 0.50 6,390 1.08 2,822 0.34 9,150 0.40 15,587

0.76 7,445 0.60 2,252 0.76 7,445 1.62 3,288 0.50 10,522 0.60 22,023

1.01 8,129 0.80 2,857 1.01 8,129 2.16 3,590 0.67 11,618 0.80 27,217

1.26 8,597 1.00 3,367 1.26 8,597 2.70 3,797 0.83 12,546 1.00 31,200

1.51 8,910 1.20 3,782 1.51 8,910 3.24 3,935 1.00 13,360 1.20 34,137

1.76 9,102 1.40 4,113 1.76 9,102 3.78 4,020 1.16 14,088 1.40 36,240

2.02 9,197 1.60 4,371 2.02 9,197 4.32 4,062 1.33 14,751 1.60 37,715

2.27 9,211 1.80 4,569 2.27 9,211 4.86 4,068 1.50 15,362 1.80 38,734

2.52 9,155 2.00 4,720 2.52 9,155 5.40 4,044 1.67 15,930 2.00 39,430

2.77 9,038 2.20 4,833 2.77 9,038 5.94 3,992 1.84 16,462 2.20 39,903

3.02 8,868 2.40 4,917 3.02 8,868 6.48 3,917 2.00 16,963 2.40 40,223

5.04 6,396 5.40 5,152 5.04 6,396 10.80 2,825 4.50 24,267 5.40 40,876

7.06 3,922 149.40 5,154 7.06 3,922 15.12 1,732 124.50 24,267 149.40 40,878

Figure 10
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.14 115 0.23 140 0.19 195 0.23 182 0.22 268 0.06 325

0.29 162 0.47 276 0.38 275 0.47 358 0.42 379 1.79 1,025

0.43 186 0.70 404 0.58 318 0.70 523 0.64 439 3.57 1,291

0.58 199 0.93 521 0.77 344 0.93 674 0.85 477 5.36 1,478

0.72 206 1.17 625 0.97 361 1.17 808 1.06 502 7.14 1,627

0.86 209 1.40 717 1.16 370 1.40 925 1.27 517 8.93 1,753

1.01 208 1.63 795 1.36 374 1.63 1,024 1.49 524 10.71 1,862

1.15 204 1.87 861 1.55 374 1.87 1,107 1.69 526 12.50 1,961

1.30 198 2.10 916 1.74 370 2.10 1,176 1.91 523 14.28 2,050

1.44 190 2.33 960 1.93 363 2.33 1,232 2.12 515 16.07 2,132

1.57 180 2.57 997 2.12 353 2.57 1,277 2.33 504 17.85 2,208

1.72 169 2.80 1,026 2.32 340 2.80 1,313 2.54 490 19.64 2,279

2.87 122 6.30 1,134 3.86 247 6.30 1,443 4.25 355 21.42 2,347

4.02 74 174.30 1,137 5.41 154 174.30 1,446 5.94 221 57.12 3,254

100.00 74 342.30 1,137 100.00 154 342.30 1,446 100.00 221 107.10 3,254

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 204 0.06 358 0.17 348 0.20 444 0.17 420 0.20 521

0.34 385 1.79 1,127 0.34 642 0.40 848 0.34 743 0.40 983

0.50 434 3.57 1,419 0.50 729 0.60 1,183 0.50 848 0.60 1,351

0.67 472 5.36 1,625 0.67 797 0.80 1,443 0.67 931 0.80 1,619

0.83 504 7.14 1,788 0.83 855 1.00 1,631 0.83 1,001 1.00 1,802

1.00 532 8.93 1,926 1.00 905 1.20 1,764 1.00 1,062 1.20 1,922

1.16 557 10.71 2,047 1.16 949 1.40 1,853 1.16 1,116 1.40 1,999

1.33 579 12.50 2,155 1.33 990 1.60 1,913 1.33 1,166 1.60 2,046

1.50 599 14.28 2,253 1.50 1,027 1.80 1,952 1.50 1,211 1.80 2,076

1.67 618 16.07 2,343 1.67 1,061 2.00 1,978 1.67 1,254 2.00 2,094

1.84 636 17.85 2,427 1.84 1,093 2.20 1,994 1.84 1,293 2.20 2,105

2.00 652 19.64 2,505 2.00 1,123 2.40 2,005 2.00 1,330 2.40 2,111

4.50 892 21.42 2,579 4.50 1,561 5.40 2,024 4.50 1,871 5.40 2,122

124.50 892 57.12 3,577 124.50 1,561 149.40 2,024 124.50 1,871 149.40 2,122

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 565 0.20 5,169 0.25 4,519 0.20 10,619 0.17 10,788 0.20 14,188

0.34 826 0.40 9,886 0.50 6,390 0.40 20,345 0.34 16,443 0.40 27,639

0.50 1,030 0.60 13,846 0.76 7,445 0.60 28,563 0.50 21,040 0.60 39,764

0.67 1,205 0.80 16,941 1.01 8,129 0.80 35,046 0.67 25,061 0.80 50,205

0.83 1,361 1.00 19,231 1.26 8,597 1.00 39,889 0.83 28,702 1.00 58,848

1.00 1,504 1.20 20,855 1.51 8,910 1.20 43,362 1.00 32,067 1.20 65,771

1.16 1,636 1.40 21,973 1.76 9,102 1.40 45,780 1.16 35,218 1.40 71,173

1.33 1,760 1.60 22,728 2.02 9,197 1.60 47,429 1.33 38,197 1.60 75,301

1.50 1,877 1.80 23,230 2.27 9,211 1.80 48,537 1.50 41,032 1.80 78,408

1.67 1,988 2.00 23,561 2.52 9,155 2.00 49,275 1.67 43,747 2.00 80,717

1.84 2,094 2.20 23,778 2.77 9,038 2.20 49,764 1.84 46,357 2.20 82,418

2.00 2,196 2.40 23,920 3.02 8,868 2.40 50,086 2.00 48,875 2.40 83,664

4.50 3,694 5.40 24,182 5.04 6,396 5.40 50,698 4.50 86,020 5.40 86,920

124.50 3,694 149.40 24,182 7.06 3,922 149.40 50,699 124.50 86,020 149.40 86,943

Figure 11
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Date:
1/20/2010 Figure 1206-123

ACTA Schuyler Heim Bridge (Replace) Bent 2 Pile Head Shear and Max 
Moment versus Deflection 
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Date:
1/20/2010 Figure 1306-123

ACTA Schuyler Heim Bridge (Replace) Bent 11 Pile Head Shear and Max 
Moment versus Deflection 
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Date:
1/20/2010 Figure 1406-123

ACTA Schuyler Heim Bridge (Replace) Bent 14 Pile Head Shear and Max 
Moment versus Deflection 
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Date:
1/20/2010 Figure 1506-123

ACTA Schuyler Heim Bridge (Replace) Bent 18 Pile Head Shear and Max 
Moment versus Deflection 
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Appendix H. Design p-y Curves for Bent Lateral Pile Analysis 



Table W-1. New Dock Street On-Ramp Bent 7 and Bent 8 
p-y Curves for 10' Diameter CIDH Piles 



Appendix I. Caltrans Review Comments and EM1 Response 



Review Conlnlents for Foundation Reports for BR.53-303 1 ,  BR53-3 ... 

Subject: Review Coillllleilts for Fouildation Reports for BR.53-303 1, BR.53-3033, BR.53-3034K. 
BR53-3035s. 
From: FIaitao Liu <l~aitao - liu@dot.c 
Date: Tue, 23 Mar 2010 17:17:30 -0400 
To: Arul c\sulllloli <arulmoli@ea~"iliech.coni> 
CC: Hector Bedolla <hector - bedolla@dot.ca.gov>, Dell-Jeng Jang <dell-jeng jang@dot.ca.gov>. 
Maillid R Toossi <hamid - r - toossi@dot.ca.gov>, Foued Zayati <foued-zayati@dot.ca.gov>. Bo-jan 
Misic <bo.jan - misic@dot.ca.gov>, Ralijai~ Guilaralljan <raTljai~@ea?hmecl~.com>, Eric Brown 
<e.browi~@eai-tl~rnech.com>, Seuilgwoon Han <seungwooil-l~an@dot.ca.gov> 

Dear Arul, 

Below are our review comments for the subject bridges: 

New Dock Street Off-Ramp, Bridge No. 53-3031: 

1) Table 5 (Page 28 of Foundation Report). 
Boring No. R-09-010: Please verify the liquefaction potential and 
seismic-induced settlement for the soils from El. -40' to -45' (Silt with 
sand under the blowcounts of 3), and evaluate its impact on the CIDH pile 
design in Abut 3. Comment eliminated based on your recent findings 

2) Section 5.6.1 (Page 34 of the Report). 
Please reisr to Section A11.1.1.3 of AASHTO LRFD BDS for the estimation of 
seismic lateral earth pressure on nonyielding bridge abutment, as Yong's 
method (1965) may not be an acceptab1.e approach for the seismic earth 
pressure estimation. 

3) Section 5.6.2 (Page 34 of the Report). 
Please change the word "abutment wall" into "abutment backwall". For the 
seat abutnient in this bridge, it is the baclcwall portion of the abutment 
wall that is designed to break off under longitudinal thrust from the box 
girder in order to engage the passive earth pressure. The soil spring 
behind the stemwall portion of the abutment wall will not be included for 
the bridge seismic analysis in longitudinal direction. 

4) Log of Test Borings. 
I. Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs; 11. Silty clay is not a 
standard group name for fine-grained soils in Caltrans Soil and Rock 
Logging Manual, please revise them. 

5) Appendix E.Lab Test Results 
Consolidation Coefficient (CV) is a function of the effective overburden 
and pre-consolidation stress for a given soil. Please present the 
correlation curve between consolidation coefficient and applied vertical 
pressure, and select the lowest coefficient, or the coefficient value under 
the actual effective overburden by the end of construction for the 
settlement evaluation. 

6) Axial Capacity (Calculation Volume) 
Boring No. R-09-010 was used as the reference boring for the analysis of 
axial p i l ~  capacity at all bridge support locations. This practice will 
ger~erat~ ~slatively conservative results for the determina-tion of pile tip 
under strength and service limit states. However, under the extreme event, 
the dragload produced by the soils above the bottom of liquefaction layer 
in locations other than R-09-010 could be higher than those presented in 
the analysis. The downdrag effect due to soil liquefaction could make what 
is conservative for the strength and service limit states more aggressive 
for extreme event in axial pile analysis. Different load/resistance 
combination may be needed for the seismic-controlled design pile tip. 



Re\~iew Comments for Fo~lndation Reports fol- BR53-303 1, BR53-3 ... 

7) Axial Capacity for Abut 3 (Calculation Volume) 
Based on Abutment 3 Details No.1, the closest pile center-to-center spacing 
is three times of pile diameter, group reduction factor may be needed in 
determining design pile tip elevations. 

8) Axial Capacity for Abut 3 (Calculation Volume) 
The current design pile tips will s-top at cohesive soil layers. Based on 
Section 10.8.3.5.1 of AASHTO LRFD BDS, the contribution to total pile side 
resistance from the bottom one diameter of pile embedment should be 
ignored due to the potential tensile crack in that area. Please extend the 
pile tip by one time pile diameter to reflect the above design 
consideration. 

3) Axial Capacity for all bents (Calculation Volume) 
According to CIDH Pile Details No. 2, the permanent steel casing will be 
used within 26 feet below the top of the shaft to facilitate the 
installation of the column rebar cage to be embedded into the shaft and 
subsequent concrete pour under the dry condition. It is recommended that 
shaft frictional resistance be neglected within the vertical limits of the 
proposed permanent casing. Please revise the shaft axial capacity analysis 
and design pile tips for all bents accordingly. 

10) Axial Capacity for Bent 4 (Calculation Volume) 
For extreme event, the depth to the bottom of soil liquefaction and 
downdrag should be 30 feet (E1.+5 ft minus El.-25 ft) below finished grade, 
instead of 37 ft. 

11) Axial Capacity for Bent 5 (Calculation Volume) 
For all limit states, the depth to the shaft cut-off should be taken as 10 
feet below finished grade (E1.+4 ft minus El.-6 ft), instead of 4 feet. 

12) Lateral Pile Capacity for Abut 3 (Calculation Volume) 
Please consider following point in pile lateral analysis. I. Reduce the 
overburden that is 19 ft above the pile cut-off, and create a more 
conservative soil spring value. 11. Reduce the value of momen-t of inertia 
("I" value) for the CIDH piles, and create a more conservative pile 
stiffness to reflect the cracked condition; or use nonlinear EI in L-Pile 
anal.ysis, based on pile reinforcement information from the contract plans. 
III. Try to limit the maximum bending moment of the piles to the plastic 
moment in the analysis, and revise the boundary condition of the pile, if 
necessary. 

13) Static Settlement 
Eased on LOTBs, sandy lean clay layer was encountered from El. -5 ft to 
El.-1.0 ft, with PP value of 0.25 tsf. However the settlement contribution 
from the above layer has not been addressed in the consolidation analysis. 
Please include them in your future submittal if necessary. 

14) Static Settlement 
The soil profile for New Dock Street On-Ramp Abutment 6 was used for the 
settlement analysis of the Off-Ramp Abutment 3. 

SR 103 Off-Ramp, Bridge No. 53-3034K: 

All applicable review comments from New Dock Street Off-Ramp, plus: 

1) Axial Pile Capacity for Abutment 27 (Calculation Volume) 
Please limit the end bearing to less than 20% of total required nominal 
resistance in determining design pile tip, regardless of what limit state 
we are loolr_ing at. This will reduce the additional settlement (or the 
additional stress on structural member under such settlement) associated 
with the end bearing mobilization. 

2) Axial Pile Capacity (Calculation Volume) 
The average energy corrected blowcounts are all assumed to be 18 for soils 
from El.-25 ft to El.-50 ft in axial pile analysis for all bridge support 
locations. However, the LOTBs at Bents 25 and 26 shows that soils with 



Rcl.\lie\v Comments for Foundation Reports for BR53-303 1, BR53-3 ... 

blo~.~~counts significantly less than 15 were encountered from El.-30 ft to 
El.-40 ft, which requires that the reduction factor for the load transfer 
coefficient be included in axial pile analysis per Reese-O'Neil (1999). 
Please a(1jut the number of blowcounts in axial analysis based on LOTBs for 
Bents 25 and 26. 

New Dock Street On-Ramp, Bridge No. 53-3033 and SR 103 On-Ramp, Bridge No. 
53-30355 

All applicable review comments from BR 53-3031 and BR 3034K. 

Should you have any question, please contact me or Mr. Seungwoon Han at 
(916) 227-4533. 

Thank you. 

Haitao Liu, P.E. 

Transportation Engineer - Civil 
Office of Geotechnical Design South - 1 
Division of Engineering Services 
Department of Transportation, California 

5900 Folsom Blvd. 
Sacramento, CA 95819 
Office phone: (916) 227-0992 
Cell phone: (916) 704-6519 



RESPONSES FOR ACTION REUD 
A AGREE FULLY WILL COMPLY 
e AGREE PARTLY SEE NOTED EXCEPTlOflS 
C DISAGREE REASONS ARE NOTED 
O ~ O t , l l d E t l i  HAS SEFtN SUPERCEDED BY DESIGN DEVELOPlvlENT 
E ~ O U t S i l O t i  Ol iLY AtlSWER THE OUESTION 

Off Ramp (Bridge No. 53-3034K) Bridges 
SUBMITTAL REVIEW COMMENTS FORM 

Page 1 of 5 

1 

2 

3 

4 

5 

Tab: Ramp Bridges 65% PS&E 

1) Table 5 (Page 28 of Foundation Report). 
Boring No. R-09-010: Please verify the liquefaction potential and 
seismic-induced settlement for the soils from El. -40' to -45' (Silt with 
sand under the blowcounts of 3), and evaluate its impact on the ClDH pile 
design in Abut 3. Comment eliminated based on your recent findings. 

2) Section 5.6.1 (Page 34 of the Report). 
Please refer to Section A1 1.1.1.3 of AASHTO LRFD BDS for the estimation of 
seismic lateral earth pressure on nonyielding bridge abutment, as Yong's 
method (1985) may not be an acceptable approach for the seismic earth 
pressure estimation. 

3) Section 5.6.2 (Page 34 of the Report). 
Please change the word "abutment wall" into "abutment backwall". For the 
seat abutment in this bridge, it is the backwall portion of the abutment 
wall that is designed to break off under longitudinal thrust from the box 
girder in order to engage the passive earth pressure. The soil spring 
behind the stemwall portion of the abutment wall will not be included for 
the bridge seismic analysis in longitudinal direction. 

4) Log of Test Borings. 
I. Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs; 11. Silty clay is not a 
standard group name for fine-grained soils in Caltrans Soil and Rock 
Logging Manual, please revise them. 

5) Appendix E.Lab Test Results 
Consolidation Coefficient (CV) is a function of the effective overburden 
and pre-consolidation stress for a given soil. Please present the 
correlation curve between consolidation coefficient and applied vertical 

pressure, and select the lowest coefficient, or the coefficient value under 
the actual effective overburden by the end of construction for the 
settlement evaluation. 

Patrick Wilson 

(pw), 
Eric Brown (EB), 

K. Arul Arulmoli (KA) 

pW EB I KA 

P W I E B I K A  

PW I EB I KA 

P W I E B I K A  

A 

A 

A 

A I C 

A 

Will comply. Supplemental laboratory tests performed on 
the sample indicate a Plasticity Index (PI) of 12: therefore, 
based upon the Boulanger and ldriss (2006) criteria, this 
layer is determined to be non-liquefiable. Lab test results 
are attached. 

Will comply. Tthe recommendations for seismic lateral 
earth pressure on nonyielding bridge abutments have 
been revised to be consistent with the recommendations 
shown in Section A1 1.1.1.3 of AASHTO LRFD BDS. 

Will comply. We agree that the recommended edit will be 
more clear for the reader and the text has been revised 
per your suggestion. 

I. Will comply. LOTB's have been revised to only show 
SPT blowcounts (attached). 
11. Silty Clay is listed as a soil-type descriptor in Figure 3-3 
(page 42) of the Caltrans SRLPCM for material with a PI 
between 4 and 7. All of the instances where a material is 
described as Silty Clay on the LOTBs, plasticity test 
results indicate a PI between 4 and 7. 

Will comply. Settlement rate calculations have been 
revised to use the lowest consolidation coefficient 
determined from lab testing. Revised settlement 
calculations are attached. 

412012010 

412012010 

4/20/2010 

412012010 

412012010 
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Off Ramp (Bridge No. 53-3034K) Bridges 
SUBMITTAL REVIEW COMMENTS FORM 

D COlillvlENT HAS BEE11 SUPERCEDED BY DESlGil D iVEL3Pt , IE l l i  
E OUESTION OhiLY ANSWER THE OUESilOi l  

6 

7 

8 

Page 2 of 5 Tab: Ramp Bridges 65% PS&E 

6) Axial Capacity (Calculation Volume) 
Boring No. R-09-010 was used as the reference boring for the analysis of 
axial pile capacity at all bridge support locations. This practice will 
generate relatively conservative results for the determination of pile tip 
under strength and service limit states. However, under the extreme event, 
the dragload produced by the soils above the bottom of liquefaction layer 
in locations other than R-09-010 could be higher than those presented in 
the analysis. The downdrag effect due to soil liquefaction could make what 
is conservative for the strength and service limit states more aggressive 
for extreme event in axial pile analysis. Different loadlresistance 
combination may be needed for the seismic-controlled design pile tip. 

7) Axial Capacity for Abut 3 (Calculation Volume) 
Based on Abutment 3 Details No.1, the closest pile center-to-center spacing 
is three times of pile diameter, group reduction factor may be needed in 
determining design pile tip elevations. 

8) Axial Capacity for Abut 3 (Calculation Volume) 
The current design pile tips will stop at cohesive soil layers. Based on 
Section 10.8.3.5.1 of AASHTO LRFD BDS, the contribution to total pile side 
resistance from the bottom one diameter of pile embedment should be 
ignored due to the potential tensile crack in that area. Please extend the 
pile tip by one time pile diameter to reflect the above design 
consideration. 

P W I E B I K A  

P W I E B I K A  

pw EB I KA 

A 

A 

A 

Will comply. All six borings1CPTs were used to generate 
the idealized soil profile used in the pile analysis. We 
agree that the downdrag elevation for determining the 
seismic-controlled (extreme event) design pile tip 
elevation should be based on the nearest soil boring or 
CPT sounding. Different bottom of liquefiable layer 
elevations were used at each support. As shown in the 
calculation volume, the elevation to the bottom of the 
liquefiable layer was based on R-09-010 for abutment 3 
and bent 4, CPT-09-064 for bent 5, R-09-012 for bent 6, R- 
09-013 for bent 7. and R-09-015 for bent 8. This appears 
to comply with your comment. 

Will comply. Per our discussions with the designer, 1 pile 
will be added at this abutment. We have revised our axial 
pile capacity calculations to include an average pile group 
reduction factor of 0.93 at Abutment 3. The evaluation of 
the group reduction factor and revised axial pile capacity 
calculations for Abutment 3 are attached. 

Will comply. Revised axial pile capacity calculations are 
attached. 

4/20/2010 

4/2012010 

412012010 



RESPONSES FOR ACTION REQ'D 

.53-3034K) Bridges 
SUBMITTAL COMMENTS FORM 

C DISAGREE REASONS ARE NOTED 
D 301 l11IEtlT HAS BEEN SUPERCEDED EY DESIGN DEVELOPMENT 
i OUiS'IOti OlIiY AlISWER THE QUESTION Page 3 of 5 Tab: Ramp Bridges 65% PS&E 

DATE 

412012010 

412012010 

4/20/2010 

NO. 

9 

10 

11 

Reviewed By: 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. COMMENTS 

9) Axial Capacity for all bents (Calculation Volume) 
According to CIDH Pile Details No. 2, the permanent steel casing will be 
used within 26 feet below the top of the shaft to facilitate the 
installation of the column rebar cage to be embedded into the shaft and 
subsequent concrete pour under the dry condition. It is recommended that 
shaft frictional resistance be neglected within the vertical limits of the 
proposed permanent casing. Please revise the shaft axial capacity analysis 
and design pile tips for all bents accordingly. 

10) Axial Capacity for Bent 4 (Calculation Volume) 
For extreme event, the depth to the bottom of soil liquefaction and 
downdrag should be 30 feet (E1.+5 ft minus El.-25 ft) below finished grade, 
instead of 37 ft. 

11) Axial Capacity for Bent 5 (Calculation Volume) 
For all limit states, the depth to the shaft cut-off should be taken as 10 
feet below finished grade (El.+4 ft minus El.-6 ft), instead of 4 feet. 

RESPONSE BY: 

P W I E B I K A  

P W I E B I K A  

PW I EB I KA 

ACTION 
REQ'D 

D 

A 

A 

RESPONSE 

As a result of design development and discussions with 
the designers, the CMP permanent casing has been 
replaced with driven permanent steel casing. The driving 
resistance of the permanent steel casing will be specified 
in the Pile Data Table; therefore, the skin friction along the 
length of the permanent casing (based upon APl 
methodology) has been included in the design. The axial 
pile capacity calculations for the controlling limit case 
(Strength Limit State) for the bents have been revised. A 
sample revised calcuation for Bent 4 and the revised pile 
data table are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 
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12 

13 

Page 4 of 5 Tab: Ramp Bridges 65% PS&E 

12) Lateral Pile Capacity for Abut 3 (Calculation Volume) 
Please consider following point in pile lateral analysis. I. Reduce the 
overburden that is 19 ft above the pile cut-off, and create a more 
conservative soil spring value. II. Reduce the value of moment of inertia 
("I" value) for the ClDH piles, and create a more conservative pile 
stiffness to reflect the cracked condition; or use nonlinear El in L-Pile 
analysis, based on pile reinforcement information from the contract plans. 
Ill. Try to limit the maximum bending moment of the piles to the plastic 
moment in the analysis, and revise the boundary condition of the pile, if 
necessary. 

13) Static Settlement 
Based on LOTBs, sandy lean clay layer was encountered from El. -5 ft to 
El.-10 ft, with PP value of 0.25 tsf. However the settlement contribution 
from the above layer has not been addressed in the consolidation analysis. 
Please include them in your future submittal if necessary. 

P W I E B I K A  

P W I E B I K A  

A 

A 

I. The apparent discrepancy arises from the facts that the 
LPile program does not allow the bottom of a soil layer to 
be above the pile cut-off, and the water table is not directly 
entered (it is accounted for by inputting the correct 
effective unit weight and subgrade modulus values based 
on saturatedldry conditions). 

At abutment 3, the top of the embankment is at about 
elevation +20 ft. Finished grade is at about elevation +7 ft. 
Taking the average of the top of the embankment and 
finished grade gives +13.5 ft. The design water table is 
conservatively located at elevation +5 ft. Pile cut-off is at 
+ I  ft. So the overburden can be estimated by including 4 ft 
of buoyant soil unit weight plus 8.5 ft of dry soil unit 
weight, which is about 1260 psi. Due to the LPile soil 
layering constraints mentioned above, we modeled the 
overburden using a 19 ft layer, with buoyant unit weight. 
which gives an overburden of about 1140 psf, which is 
slightly below the estimate above (conservative). 

II. Will comply. The revised lateral pile analysis includes a 
"cracked" El value equal to 80% of the gross El for the pile 
for service and strength limit state (0.25" lateral pile top 
deflection) and 50% of the gross El for the extreme event 
limit state (greater than 0.25" lateral pile top deflection). 
Revised lateral pile capacity calculations are attached. 

Ill. Based upon our conversations with the bridge 
designers, the pile reinforcing has been designed to have 
sufficient capacity to handle the moment demands. 

Will comply. The settlement calculations have been 
revised to account for the compressible layer between 
elevation -5 and -10 ft. The revised settlement calculations 
are attached. 

412012010 

412012010 

412012010 
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Off Ramp (Bridge No. 53-3034K) Bridges 
SUBMITTAL REVIEW COMMENTS FORM 

C DISAGREE REAS0113 ARE IIOTED 
5 CL.111 IEIlT HAS BEE:! SUPEKCEDED BY DESIGN DEVELOPEVIENT 
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NO. 

14 

15 

16 

Tab: Ramp Bridges 65% PS&E 

RESPONSE BY: 

P W I E B I K A  

P W I E B I K A  

P W I E B I K A  

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. 

ACTION 
REQ'D 

A 

A 

A 

Reviewed By: COMMENTS 

14) Static Settlement 
The soil profile for New Dock Street On-Ramp Abutment 6 was used for the 
settlement analysis of the Off-Ramp Abutment 3. 

1) Axial Pile Capacity for Abutment 27 (Calculation Volume) 
Please limit the end bearing to less than 20% of total required nominal 
resistance in determining design pile tip, regardless of what limit state 
we are looking at. This will reduce the additional settlement (or the 
additional stress on structural member under such settlement) associated 
with the end bearing mobilization. 

2) Axial Pile Capacity (Calculation Volume) 
The average energy corrected blowcounts are all assumed to be 18 for soils 
from El.-25 ft to El.-50 ft in axial pile analysis for all bridge support 
locations. However, the LOTBs at Bents 25 and 26 shows that soils with 
blowcounts significantly less than 15 were encountered from El.-30 ft to 
El.-40 ft, which requires that the reduction factor for the load transfer 
coefficient be included in axial pile analysis per Reese-O'Neil (1999). 
Please adjust the number of blowcounts in axial analysis based on LOTBs for 
Bents 25 and 26. 

RESPONSE 

Yes this is correct. Because the two bridges are located 
close to one another, based upon the subsurface 
exploration, the same idealized soil profile was originally 
used for both locations. However, based on comment #13, 
the settlement calculations for New Dock Street Off-Ramp 
have been revised to account for the clay layer 
encountered in Boring R-09-010 between elevation -5 and 
10 ft. The revised settlement calculations are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 

Will comply. Axial pile capacity calculations have been 
revised to incorporate a reduced load transfer in soil 
layers with blowcounts less than 15 blows per foot, where 
applicable. The revised axial capacity calculations and pile 
data table are attached. 

DATE 

4120/2010 

412012010 

412012010 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 
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May 7,20 10 
EM1 Project No. 06-123-03 

Alameda Corridor Transportation Authority 
One Civic Plaza, Suite 350 
Carson, California 90745 

Attention: Mr. Lucien Hersh, P.E. 
Project Manager 

Subject: Final Foundation Report, SB SR 103 On-Ramp, Bridge No. 53-3035s 
Los Alzgeles County, California, (4-LA-47, PM 0.031, EA 238501) 

Dear Mr. Hersh: 

Attached is OLK Final Foundation Report for the subject bridge. This report presents the results of 
our analyses and recommendations for design and construction of the bridge foundation for the 
subject bridge replacement. 

The Foundation Report for the subject bridge, dated February 8,2010, was submitted to Caltrans. 
The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed the report and provided 
their comments on March 23,2010. EM1 developed responses to the OGDS-1 review comments 
and submitted them on April 20, 2010. OGDS-1 review comments and EM1 responses are 
included in Appendix I. The responses to these review comments have been incorporated into 
this Final Foundation Report. 

We appreciate the opportunity to provide geoteclmical services for this project. If you have any 
questions please call us. 

Sincerely, 

Patrick Wilson, PhD 
Staff Engineer 

w 

rulmoli, PhD, GE 
Project Manager 

NO. GE 2806 
EXP. 6-30-2010 

Eric Brown, GE 
Senior Engineer 

17660 Wewhope Street, Suite E, Founlaiis Valley, Califom-nia 92708 Tel: (7 14) 75 1-3826 Fax: (7 14) 75 1-3928 
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1.1 Purpose and Scope of Worli 

This Foundation Report presents the findings and conclusions of a geotechlical investigation 
conducted by Eart11 Mechanics, Inc. (EMI) for the proposed State Route-103 On-Ramp in Los 
Angeles County, California (Bridge No. 53-3035s). The report has been prepared in general 
accordance with Caltrans Guidelines for Foundation Investigation and Reports (Caltl-ans, 2006e). 
It presents results of our foundation analysis and provides design and construction 
recommendations to assist the bridge designers in preparing the project Plans, Specifications, and 
Estimales (PS&E) for the project. 

The geoteclzuical services provided for this project included the following tasks: 

8 Collection and review of existing geotechnical information; 
8 Field exploration consisting of drilling, sampling and logging exploratory borings; 
a Laboratory testing of selected bulk and relatively undisturbed soil samples; 
B Engineering analysis to develop foundation design and constn~ction recommendations; 
8 Preparation of this report presenting om fmdings, conclusions, and recommendations. 

1.2 Project Description 

The Schuyler Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a 
joint partnersllip between Caltrans and the Alameda Corridor Transportation Authority (ACTA). 
The project proposes to replace the seismically deficient Schuyler Heim Bridge over Cerritos 
Channel and add a four-lane elevated roadway connection to Alameda Street that will bypass 
three signalized intersections and five at-grade railroad crossings. The location of the project is 
shown in Figure 1. 

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lifi 
bridge with a fixed bridge with an elevated profile to provide a minimum vertical clearance of 
4.7 ft in the Cenitos Channel and maintain a navigable width of 180 ft  within the channel. The 
proposed bridge replacement project includes bridge structures along the southbo~md exit ramps 
and northhound entrace ramps at New Dock Street and State Route-103 (SR-103). This report is 
prepared ibr the replacement of the SR-103 On-Ramp structure (Figure 2). 

The proposed SR-103 Street On-Ramp is a five-span Cast-in-Place (CIP) prestressed concrete 
box girder bridge sl-~pported on a single seat type abutment and for~r single-colimnx~ bents. The 
south end of the structure terminates at an expansior; joint wllere the SR-103 On-Ramp abuts the 
mainline sti-ucbe approximately 15 ft north of Bent 23 of the maidine. The hidge deck varies 
in width up to about 42 ft  and is approximately 847 ft long. 

The typical bridge bent has a single col1mn with each column suppo~ted on a single :2 ft  
diameter Tj~je 11 cast-in-drilled-hole (CLDH) pile. The abutments we supported o n  2..5-foc)t 
diameter CXUH piles. 



1.3 Existing Bridge Information 

The exisring Schuyler I-Ieini Bridge is a 45-span struciure, is approximately 3,975 feel long and 
varies fimn about 80 to 130 feet in width. SR-47 connects to SR-103 via at-grade ramps to the 
noi-th of the existing northei-n bridge abutment (Abutment 45) so there are cwrently no SK-103 
connector ramp bridges. Abutment 45 of the existing Schuyler Heim Bridge is located about 
100 ft south of the southern most belt (Bent 24) of the proposed SR-103 On-Ramp bridge. 

Based on the as-built plans, the existing bridge is supported on a combinatioli of timber piles and 
14BP73 driven steel piles. Steel piles with a design loading of 40 tons are used at t l~e  ab~ltments 
and timber piles with a clesign loading of 22 tons are used at the bents. 

Copies of selected sheets from the as-built drawings for the existing Schuyler Heirn Bridge 
relevant to .the SR-103 On-Ramp are provided in Appendix A. 

1.4 Limitations 

This repost is intended for use by Alameda Corridor Transportation Authority (ACTA), its 
design team members and the California Department of Transportation (Caltrans) for the 
proposed SK-103 On-Ramp bridge. This report is based on the project as described hereir, and 
the information obtained fi-om the exploratory borings at the approxinlate locations indicated 011 
!be attached plans. 'Ule findings and recom_mendations contained in this report are based on the 
results of the field ii~vestigation, laboratory tests, and engineering analyses. Also, soils and 
subsurface conditiorls encountered in the exploratory borings are presumed to be representative 
of the project site; liowever: subsurface conditions and characteristics of soils between 
exploratoq- borii~gs can vauy. Findings reflect an interpretation of the direct evidence obtained. 
Recomn~endatio~s presented herein are based on the ass~lmption that an appropriate level of 
quality cofitrtro2 and quality assurance (inspections and tests) will be provided during construction. 
EM1 should bs natified of any pertinent changes in the project plans or if subsurface conditions 
are found to vary from those described herein. Modifications to the project plans or variations in 
subsurface col~ditions may require re-evaluation of the recommendations contained in this report. 

The data, opinions, and recommendations contained herein are applicable to the specific design 
elements a ~ d  locations which are the subject of this report. Data, opinions, and recommendations 
herein have no applicability to any other design elements or to any other locations, and any and 
all subsequent users accept any and all liability resulting froin any use or reuse o f  the data, 
cpinions, recornnicndations without the prior written consent of EMI. 

EM1 is not respoilsible for construction means, methods, techniques, sequences, or procedures, 
or for safety preca~~tioos or programs ill connection with the constnlction, fur the acts or 
cbmissions of the Contractor, I;r any other person perfcming any of the constnlction, or for t l ~  
failure of' worker to c m y  out the construction ill accordance with the Final ccnstmction 
drawings and specifications. 

Services zerfcrnned by E:IUII were conducted in a mamer ccacsistent with that level-of care and 
skill ordinaslily exercised by members of the ?rofessic,n curreiltly practicing in the same iocality 
c~nder similar condifioi:~. No other representaticn, expresssd or Implied. an4 no \v?;arrarlty or 
p1~arm:er 3s ir,cl~-zded or in~ended. 







2.0 FIELD INVESTIIGATION AND LABORATORY TESTING 

2.1 Existing Information 

Existing subsurface information beneath the Schuyler Heim Bridge is available frorn reports 
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, h ~ c .  (My 1993) 
and Diaz-Yourman and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler 
Heim Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade 
Separation Prqject, respectively. From these tliree sources, the only borings in the vicinity of the 
SR-I 03 On-Ramp were those sl~owr, on the on the as-built Logs-of-Test-Boring (LBTB) sheets 
prepared by I2EL7I for the seismic retrofit of the Schuyler Heim Bridge. 

For the serstnic retrofit project, a total of 20 cone penetration test (CPT) soundings and five 
rotary wash borings were performed along the entire Schuyler Heim Bridge alignment. Of those 
CPT's and borings, only one CPT was performed near the subject bridge site. That CPT 
sounding penetrated to a depth of 100 ft  below existing grade with a deepest penetration to an 
elevation of -1 02 ft. 

Copies of the I.OTB sheets prepared by LKR for the seismic retrofit study are provided in 
Appendix B. 

2.2 Supplementall Field Exploration 

A geotecllnicai field investigation was conducted by EM1 for the entire project between October 
and November, 2009 whicl~ ~ncluded a total of eight l~ollow-stem auger borings, 42 rotary wash 
borings and 38 CPT soundings. Of that exploration program, five rotary wash borings and one 
CP'T sounding were performed in the vicinity of the SR-103 On-Ramp. The purpose of the 
explorations -as to fog subsurface conditions and collect soil samples from locations near the 
proposed bridge supports. Soil exploration information is summarized in Table 1. Approximate 
locations of the explorations performed by EM1 for this project are shown on Figure 3 and on the 
LOTB sheets included at the end of this report. Upon completion, the exploration locations were 
surveyed by Wagner Engineering & Survey, Inc. (WES) under a subcontract with EMI. 

2.2.8 Soil Borings 

All of the boritlgs surrounding the proposed bridge were performed at grade on the shoulders of 
the existing SR-103/SR47 ramps. Tile deepest boring penetrated down to about elevation -153 ft, 
appmximately - .  l6C ft below ground surface. 

Tbe borings were percornied by C&L Drilling Co. (C&L) and SoCal Drilling Co. (SoCal), under 
a suhcon:ract wi:h EMT, ilsing a truck-moun~ed drill rig equipped with 5-in diameter tri~cone 
drill bit and a mud-,rotary circulsrtioil drill sys~e~l-I. Subsurface soils and conditions were logged 
and salnples of sods were collected for laboratory testing. Large bulk samples of near-surface 
soils were logged m d  collected. Smaller soil samples were collected from borings generally at 
5 ft verticzil i~~tervals by means of split.-spoon drive sa~jlplers; the Stai~dard Penetration Tcst 
(SPT) sampler 29d the Modified C:alifolria Drive (MCD) sampler were used to collect small 
tlisturbed and relatively undisturbed smiples, respectively. The MC9 is a spiit-barrel sampler 
with a tapereti cutting tip and liried with n series of 1 iiich tall brass rings. The SPT sasnpler (1.4 



inch ID) and MCD sampler (2.4 inch ID, 3.25 inch OD) were driven using a 140 pound hamnler 
falling 30 inches down a total depth of I 8  inches or until refusal. The blowcuunts for the last ft of 
pelletration were recorded on the boring logs. 

As part of the field invesligation, SPT hammer energy ineasureillents were perfolmed by 
Earthspeclives (ES) under a subcontract with EMI. Based on those measurements, the average 
hammer efficienc)~ was 62 percent in the borjngs performed by C&L, and 79 percent in the 
borings performed by SoCal. A copy of the ES report is provided in Appendix C. 

Boring geophysical meslsurenlents were also collected by GeoVision (GeoVision 2009) under a 
subco~~tract with EM1 in six mcased borings as part of the project. Cunlpression (P) and shear 
(S) wave -velocities were measured along the entire boring depth at the six selected boring 
locatioi~s. A copy of the Geevision repol-c is provided in Appendix D. 

Table 1. Soil Exploration Information 

Approx. Approx. Bottom of Approx. Approx. Approx. 
Boring Line Station Offset (ft) GSE (ft) 

GWE Boring Elevation Method 
( ft) ( ft) 

61 1+19.7 86.7 Rt 7.3 -9.7 -154.2 RW 
. ........... .... . .. - ........... 

613+07.9 28.4 Lt 8.0 -9.5 -143.5 RW 
.... - .......... ..................... .... -- . -. .. ..................... 

"G" tr 14+8G.3 54.0 Rt 4.1 -4.9 -146.4 KW 
.................... - ....... ........... ... - .......... ............... 

IJine 616-1-64.1 28.71,t 1.3 -9.7 -149.0 IC'W 
... ..... .. - - . ..... . -. ............... ...- 

618+39.2 28.5 Lt 2.1 -1 1.9 -74.4 RW 
.... -. ........... -. .-........... .................... . -. ........................... ..................... 

61 !+10.4 87.2 Rt 7.3 NR -96.8 CPT 

Notes: 1. Bwingperforilzed by C&L. Drilling Co. 
2. Borir~gpeijo~n~eu' by SoCaiDrilliizg Co. 
3. G WE = Groundwater Elevation. 
4. GSh = Groziiia' Sttrf~re Elevutiovl jestinzuted@onz topographicplans). 
5. Top ofBoring Elevatio!? Based on NAVD88. 
6. RW = Rotary W~zsl?, CPT = Cone Penetration Test. 

2.2.2 CPT Soundings 

'Pl~e C'P'T sounding was also performed at grade on the shoulder of the cxistii7g SR- 103!SR47 
ramp. The scwlding was adv;uiced down t~ devation -97.9 ft. approximately 105 ft below 
gnourld s:~riacs. 

Cone Penetra~lon 'Te::.t (CP?') sounding was performed by Middle Earth Geo Testing, inc. 
(Middle Ea-thj under r-t subcontract -with E M .  'The CPT sounding was performed using an 
electronic cone penetrometer in general accordance witli the current AS'TM Standards (ASTM 
D5778 2nd ASTM D3441). The CPT equip me^.,! censisted of a cone penrtrometer assembly 
rr:cunted a! the enci of n series of hollow son~~diug rods. 'The colie penetroineter assernbly 
consisted of'a cocical tip with a GO" z?ex angie niid a projecied cross sectional a-ea of I .55 in2 
(10 cnY2) md a cyiindrical fxiciion sleeve with a s~rf'acr: zrea of 23.25 in2 ( i50 cmL). 'rk~e irrterior 



of the cone penetroineter is instixm~eilted with strain gauges that allow siinultaiieous 
ineasurenients of cone tip and friction sleeve resjstance during penetration. The cone 
penetronieter assembly is contiiiuously pushed into the soil by a set of l~ydraulic rains at a 
standard rate of 0.79 inch per second (20 im per second) while the cone tip resistance and 
sleeve friction resistance are recorded every 1.967 inches (50 rnrn) and stored in digital fosm. A 
specially designed all wheel drive 25-ton truck provides tlie required reaction weight for pushing 
the cone assembly and is also used to transport and house the test equipment. The coinputer 
generated graphical logs include cone resistance, friction resistance, and friction ratio. Soil 
behavior type iiitespretations are based on guidelines hy Robertson and Campanella (1989). 

2 3  Laboratory Testing 

1,aboratory tests were perfoilned to determine relevant physical cliaracteristics and engineering 
propelties of soils that exist at the site. Selected soil samples were tested to determine soil 
classification and pliysical and engineering properties. A list of tests performed, the 
col~espondiug test metliods, arid purpose of testing is presented in Table 2. 

The laboratory s,~il tests were conducted in general accordance with California Test (CT) 
rnethodn Qr American Society fox Testing and Materials (ASTM) standards. Test results are 
shown on the LOTB sheet at the end of the report and in tables in Appendix E. 

Table 2. Explanation of Laboratory Tests Performed 

Type of Test Applicable Test 
Method Purpose Test Results 

Loeatioia 

Dry DensiPj AS'I'M' D 2937 Estimate in-,situ soil density Appendix E 
- . - . . . - . .- - ... - . -. .- . . .. -. -- - . -- . - -. ... .. - . . . - .- . 

Moistwe Content ASTM I) 2216 Estimate in-situ soil inoisture content Appendix E 
-- ..- -. . -. -- . - -- .-- - -. - -- .- 

No. 200 Wash ASTM D 1 140 Determir~e the percentage of frne grained 
particles of soil Appendix E 

Sieve & Hydrometer ASTM D 422 Determine particle size distribution of soil Appendix E 

Atterberg Limits ASTM D 4318 Determine plasticity of fine-grained soil Appendix E - -- -- - - -. -- . -. 

Specific Gravity ASTM D 854 Determine degree of saturation Appendix E 

Consolidatioc ASTM D 2435 Determine compressibility of soil Appendix E 

I,nr -i.rir~ia! Test ASTM D 2850 Estimate slrength parameters of soil Appendix E 
- -* 

Direr,t Shear ASTM D 3080 Estimate strength parameters of soil Appendix E 
- - - -- - - - - - - - - - - - - - - -- - -- - --- - - -- -- - - - - - -- - - - -- - - - - - --- 

Joi! pi4 C:T .532!6L13 Determine colrosion potential of soil Appendix E - - --- - ---- -- - ---*- - -  - - 
Minjzxr~ R zsi:;;ii. ity CT 5321643 Determine corrosion potential of soil Apl3e~dix E 

-- - - - - - -- - - - - - - - - - -. - - - - - - -- - - - -- -- - - - - -- - -- - - -- - - - -- - - - -- - - - - - --- - - - 
Ftillilr c C ~ n t ~ n :  C"I 417 Drr~rn iae  conrosion potential of soil 

-- - --  -- .- --- --- -- -- -- 
Appendix E 

- - - - 
Cliioride Co~~tez~t  CT 422 DeleAmiue corrosion potential of soil 

- - -  Appendix E ----..----- 
,Votes: I .  ASTA4 = Ainericnn Societj~for Testing and kfalcrinls. 

3. :7T = Colifrir~??d T e ~ f  Iidctlzod ---------- -- 





3.0 GEOLOGY 

3.1 Physiography 

The Schuyler Heiin Bridge spans the Cerritos Channel in the Poi? of Long Beach. Like most of 
the slipping channels within the poi-t, the Cerritos channel is a man-made channel that was 
dredged into the foimer Wilmington Lagoon which was a coastal marshland with abundant tidal 
channels, estuaries, and slnall marshy islands. The site area is in the coastal area of San Pedro 
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain 
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the 
northeast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the soutl~ (Figure 
4). The western margin of the basin is open to the Pacific Ocean except for one prominent hill, 
the Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the north from San 
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone 
(Schell, 2007). 

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along 
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet above 
the plain. The margins of the hills and mountains surrounding the basin are commonly elevated 
somewhat above the general level of these major plains by an apron of uplifted sediments such as 
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills. 

'The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills such 
as the northwesterly alignment of hills and mesas called the Newport-Inglewood Structural 
Zone-NISZ (Fig~~re  4). The N'ISZ extends from the Newpoi-t Bay area on the south to the Beverly 
Hills a e a  on the north, and is a result of geologically recent folding and earthquake fault 
displacements. The NISZ divides the basin floor into two major plains, The Downey-'T'ustin 
Plain on the nortlleast and the Torrance plain (including the Long Beach Plain) on the southwest. 
The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5). 

Major Fix~ers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers. 
These rivers enter the basin through valleys or canyons in the surrounding mountains such as Los 
Angeles Narrows, Wlittier Narrows, and Santa Ana Canyon, and flow southerly across the basin 
floor, through gaps in the NTSZ, to the coast. At present these rivers along with nearly all minor 
tributaries in the Basin are corifined within concrete-or rip-rap-lined channels but in the natural 
state they meandered back and forth across the Basin floor, commonly shifting outlets. For 
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay though 
Ballona gap and the San Gabriel River flowed into Wilmington Lagoon which is now occupied 
by the Port s f  L,os Angeles. At present, the Los Angeles River flows to the Port of Long Beach- 
1,os Ailgeles area. 

The floor of the 1,os Angeles Basin is directly underlain by unconsolidated Quaternary-age sandy 
sediments. These generally can be subdivided into loose unconsolidated Holocene-age sediments 
which cover the bulk of the basin, and the underlying Pleistocene-age materials of the Laltewood 
mJ  Sau Fedro formations which are only exposed ifi some of the upiifts of the NISZ and the 
marginal plains. Hard rocks occur only in the mountains surroundi~tg the basin a11d at depths 
rxqging from a few thousand feet to as ~nixch as 30,000 feet in the deepest part s f  the celitral Los 
Angele,~ Basin. 



Except for the Newport-Inglewood and the Palos Verdes fault zones, inost surface geological 
faults such as the Santa Monica, Hollywood, and Wliiltier faults occur along the basin inargins 
(Figure 4). In Addition to these lcnown surface faults, the Los Angeles region is underlain by 
buried t l x~~s t  and reverse faults. These are poorly ~mderstood features with poorly known 
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults wlich 
make up the Puente Hills blind thrust fault system, are examples (Figure 4). However, any large 
earthquakes associated with these subsurface features are most likely to originate at great depths 
(e.g, about 10 to 12 miles), and thus these should not impact the subjcct site significantly more 
than sirnilax-sized earthquakes on tlle nearer Newport Inglewood or Palos Verdes faults. The 
1987 UThittier earthquake occwred on one of these subsurface faults (either the Santa Fe  Springs 
or the Coyote Hills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel 
Valley northeast of the site. The 1994 Nol-thridge earthquake occ~ured on a southerly dipping 
buried fault below the Sail Fernando Valley. 

3.2 Stratigraphy 

The project area is underlain by a sequence of geologic strata consistent with the general 
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart 
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles 
area. Review of the borehole logs drilled for this project, along with existing boring logs from 
other geotechnical studies and from published sources (e.g. Zielbauer, et al., 1962; Wright 1991 ; 
U.S. Geological Survey, 2007; Scl~ell, 2007), indicates similar strata. 

The uppemlost deposits of most significance to the project were deposited during the last ice age 
arid the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise i n  sea level 
was not constant but comprised several fluctuations. Interaction between the fluctuating sea level 
and sedimelltary deposition from inland streams resulted in a complex association o f  irregular 
and discontinuous beds and lenses of marine and non-marine sedimentary strata. The major 
stratigraphic units underlying the project corridor are summarized below: 

1) The surficial strata consist of' sandy alluvium deposited by streams of the Los Angeles 
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along 
the coast during the past few thousand years (- past 5,000 to 7,000 years). These are 
about 20 to 30 feet thck. 

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays 
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits 
occw at depths of about 25 h.5 to 70 110 feet and represent primarily marine sediments 
deposited during the later stages of the most recent rise in sea level that began about 
15,000 to 20,000 yea-s ago. However, these deposits corrimonly contain sand and fine 
gravel lerrses deposiled by seasonal river flooding during intermittent wetter periods and 
stol-rns inl,w~d. 

3 )  Tllese are underlain by the Gaspur Formation which is coarser grained sand and gravel 
material deposited i11 a relict channel of the Los Angeles River that was cut when sea 
level was lower during the last ice age. As the climate warmed: sea level rose due to 
l-celtiilg ice at tlie Pol= ice ciips and ?11e sllore line retreated inland. The Gaspur is about 
70 +! 0 feet to aboui 190 feet cleep and consists of an upper primarily sandy unit and a 
deeper coarser sand a ~ d  gravel uriit The p v e l s  of ik Ciaspur c h m ~ e l  e.;tend far irJa~cl 



and comprise a major aquifer in the Los Angeles area. 
4) The Gaspur channel was cut into older Pleistocene material of the Lakewood Folmation 

which is about 160 to 300 thousand years old. The Lakewood is partially marine and 
partially 11011 marine that was deposited d~~r ing  previous Pleistocene ice ages. Lalcewood 
sediments were intermittently exposed to surficial weathering resulting in desiccation, 
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to 
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Fornlation. 

5) The San Pedro Formation extends to about 1100 &SO feet depth and comprises gently 
tilted marine silts and sands overlying the folded 'Tertiary-age marine deposits (Pico, 
Kepetto, Fernando foi-nlations), and the ancient igneous and metamorphic basement rocks 
at a depth of about 10,000 feet. 

Table 3. Stratigraphy and Correlation Chart, Long Beach Area 

California 
Zielbauer Dept. of 

Geologic Sequence Formation 
(USGS, 2007) 

Age Estimate and others Water 
Series (1962) Resources 

- -  - 

DmelBeach Sand, 
Coastal Marsh, 

liolocenc Transgressive Marine, Domirlguez 4 5  ka Gaspur Gaspur 
Stream 

- -- Alluvium -- 
Latest Pleistocene 

Mesa 
(-30-80 ka) Older Dune Sand, -- 

Stream A. Il~~vium, Near- Early 0 stage S 
Upper Pacific 

shore Marine, -- -- - - - . - ( I  10-130 ka) -- 200 ft sand Gage 
ljleistocene iakewood Fm (Marble Constrained between 

anc! Iqon Marine) Harbor 0 stage 5 and 9 

(-1 60-300 ka) 

0 stage 9-1 1 
Bent Spring (-300-450 ka) 

400 ft gravel Lynwood 
Upper 0 stage 12-14 

Wilmington (-475-580 ka) 
Lower 0 stage 15-1 7+ 

Lower Wilrnington (-5 80-<780 ka) 

Pleistoce~~e 
San Pedro Formation -2.0 Ma or >2.6 Ma Upper 

fi-om magnetic Silverado 
Pliocene A 

polarity and Silverado 
pa!eor?tology 

-- -- -. - . . - - -- -. - .- 
-2.0 Ma or >2.6 Ma 

f i o n  magnetic Lower 
Pliocene H polarity and Silverado 

paleontology -- - - 

>2.6 Ma &om 
IJpper PicnRemando Pliocene C fiingnetic polarity and Pice Pico 

Pliocene Pormazion 
-- paleontology ----- - -- 



Units 1 through 3 were penetrated by many of the deeper on-land borings drilled for this 
investigation. Most of the recovered gravel and the sandy gravellgravelly sand smples are from 
the Gaspur Formation. The over-water borings generally penetrated deeper and extended tlzrough 
the Gaspur into the upper part of the Lakewvod Formation. Other ~mits of the stratigraphic 
succession (e.g. the Mesa and Pacific psu-ts of the Lakewood Fo~mation) are present in areas 
adjacent to the project area but were eroded away by the erosion that accompanied deposition of 
the Gaspur sediments and therefore are not inlportant to the project. Liltewise, the San Pedro 
fo~i~lation is deep below the site and is not iinpoi-tant to the project. 

3.3 Geologic Structure 

The regional geological sti-uctxre was introduced above in the geological Setting. The project 
area is near the crest of the Wilrnington Anticline (Figure 5) wl~ ic l~  is a west-northwest trending 
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late 
Pleistocene strata (Lakewood Formation) form a thin veneer across the Wilmington fold and 
appear to be unaffected by the deeper folding and fa~llting. 

There are no laown active faults at the project site. The nearest nlajor active faults are the Palos 
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the noi-theast 
(F~gures 5 and 6). The Thulns-Huntington Beach fault is deep below the surface (Figure 6). This 
huit is a thrust fault dipping northeasterly at a b o ~ ~ t  25-35 degrees. Some geoscientists suspect the 
fault is a potentially active blind thr~lst fault but high-resolution geophysical data clearly show 
the fault does not displace sediments younger than 3 or 4 million years old (Schell, 2007). 
Furthermore, the fault displacement diminishes toward the northwest and is virtually nil ~mder 
the project area (Figures 5 and 6). 

The project site is in sejsmically active southern California. The present-day seismotectonic 
stress field in the Los Angeles region is one of north-northeasterly conlpression. This i s  indicated 
5y the geologic structures, by earthquake focal-mechanism sol~tions, and by geodetic 
measurements. These data suggest crustal shortening of between 5 and 9 mrnlyr across the 
greater Los Angeles area (Argus et al., 1999). 

Historical earthquake epicenter maps show widespread seismicity throughout the region. The 
lslrger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose 
clusters along the Newpoi-t-Inglewood Structural Zone, along the southern margin of the Santa 
Monica Mountains, along the northern side of the San Feinando Valley, the southem margin of 
the Sm Gabriel Molmtains, and in the Coyote Hills-Puente Hills area. Although historical 
earthcpkes have occurred in proximity to known fiults, they are often difficult to directly 
associsti: with mapped faults d e s s  there was a surface n~ptru-e or a robust sequence of 
affershocks. Ward (1994) estimated that about 30 percent of seismic rnoment can not be 
conrelaled vith known faults. Part of the correlsltion difficulty is due to the fact that the basin is 
underlaill by the subsurface blind thrust faults that are not likely to be discovered untj!  hey 
rupture dlxing all earthquake. 
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The largest historical earthquakes in the region were the 1994 Northsidge and the 1971 San 
Fernando earthquake both of wl~ ic l~  occurred north of tlie Los Angeles Basin (Figure 7). The 
1994 earthquake had a moment magnitude (hlW j of about 6.3 (IvlS - 6.8, ML = 6.4), and 
occurred on a soutilerly dipping s~lbsurface fault which was unknown prior to the earthquake. 
'The main shock occul-red at a depth of about 12 miles below the conmunity of Reseda i n  the San 
Fernando Valley. Earthquake aftershocks clearly defined the rupture surface dipping about 35 
degrees so~ltllerly from a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The 
causative fault was never identified with certainty, but it may have been on the eastern extension 
of the Oakridge fault (Yeats and Huftile, 1995), a southerly dipping fault bounding the Ventura 
Basin and dipping under the Sarila Susana Mountains. 

The I971 San Fernando earthquake was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the 
3 994 event but did involve surface l-upture. 'The 1971 event occui-sed on a northerly dipping 
thrust fault that dips from the northern side of the San Fernando Valley to a depth o f  about 9 
n~iies under the Sari Gabriel Mountains. Several mapped surface faults such as the Sylmar fault, 
I'ujunga fault, and Lalteview fault were involved. These faults are commonly considered to be 
part of the Sierra Madre fa~llt system which extends easterly along the soutllern margin of the 
San Gabriel Mountains from the San Fernando Valley to the north side of the San Gabriel 
Valley, and to the Cuca~nonga fault in the San Bernardiilo area. 

The largest historical earthquake in the Los Angeles region to have a major impact on  the site 
area was the 1933 Long Beach event whicl~ had a magnitude of about MW - 6.4 (ML = 6.3). 
This earthquake did not rupture the s~rface  but is believed to have been associated with the 
Newport-Inglewood Structurai Zone because of the distribution of afiershocks and the 
abundance of ground disturbances in proximity to the fault zone (Figure 7). Although ground 
failures were abundant along the NISZ trend, no unequivocal surface rupture was identified 
(Benioff, 1938). Reevaluation of tlze seis~nicity data by Hauksson and Gross (1991) led to 
relocation of the 1933 earthquake hypocenter to a depth of about 6 miles below the Huntington 
Reach-3U-ewport Beach city boundary. 

The 1987 Whittier earthquake (ML = 5.9, MW = 5.9) occurred on subsurface faults dipping 
under the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer, 
1999; Shaw et al., 2002). This zone of faults is referred to as the Puente Hills blind thrust fault 
system (Figure 4). This event did not rupture the ground surface. 

Anothzr significant earthquake in the Los Angeles region was the 18 12 earthquake which caused 
duoage at the Sari Juan Capjstrano Mission. ?'he location and magnitude of the 1812 earthquake 
are u&ncwn beca?~se of the sparse population at thz time, but geological studies (Jacoby et al., 
1988; Wc!doE et al., 2004) postulated that it did not occur in the Los Angeles Basin area, but 
rather, firas a lxge 7.0) d is ta~t  event on the Sm Andreas fault in the Wrightwood area of ?he 
Sscl Gabriel Pdounlains. 

The earliest docuniented easthqualce in  he region was reported by the Spanish Portola' 
expedition as they canped near the Santa h a  River in 1769. This event has been attributed by 
various geoscientists to just about eyery fault in the i o s  h g e l e s  zrea but ii corrlcl just as well 
have been a cijsta* even1 that shook a wide srca as did the 1971 S ~ T  Femaido, 'he I987 
lt7hitiier, aid ihz 1994 1';lorthsidgtt events, as \veil as mzny other more-distmt events (for 
zxample, the I 812 or 1992 Lar1dei.s evel~ts). 



3.5 Geologic Hazards 

3.5.1 Surface Fault Rupture 

No surficial faults are kno-rn at the site, therefore the potential for ground iupture due to faulting 
is negligible. The nearest major fa~llts wit11 a known potential for surface rupture are the 
Newpol-t-Tnglewood zone to the northeast and the Palos Verdes Hill fault to the soutl~west 
(Fig~res  4, 5 ,  and 6). 

3.5,2 Subsidence 

The grouud surface in rhe Long Beach Harbor area has undergone s~bstantial lowering during 
the 20th cent~lry due to subsidence of the sediments and roclts underlying the area. Some of this 
sulxidence may have been due to natural causes (e.g. natural gro~md-water decline, sediment 
compaction, tectonics, 1933 Long Beach earthquake). Harris (1 945) estimated natural subsidence 
of about half an inch per year. The principal cause of the subsidence has been attributed to 
withdrawal of oil and gas (Allen, 1984; Strehle, 1987), b~l t  gro~md-water extraction ~mdoubtedly 
contributed, perhaps 2 feet out of the 29 feet (7%), to the total subsidence. 

Su1)sidence accelerated with development of the Wilmington oil field in 1936. The area of 
subsidence farms a circular or bowl-shaped area centered on the northeast comer of Terminal 
lsland (Figure 8A). The maximum subsidence in the center of the subsidence bowl is  about 29 
feet. Subsidence along the Heim Bridge project coilidor in the western part of the subsidence 
bowl was about 14 feet (Figure 8A). The maxiin~m rate of subsidence reached about 2.4 feet per 
?-car by 1 9  1. The subsidence was so great tliat dikes had to be built within the harbnr area to 
prevc~lt flooding by sea water. Some of the subsided areas belind the dikes have recently beell 
filled bringing the grol.ind surface back to above sea level (- +15 feet). 

Subsident:e was arrested by restoring pressure to the oil zones through injection of water into the 
oil wells. This has not only stopped subsidence but has resulted in some rebound, and also has 
been of ecotlornic benefit by driving more oil to the producing wells. Initial injection began in 
1953 but was ndt fully established until about 1958; by 1961 injection was widespread. 
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in I958 
and reached a rnaxim~~m by about 1964 with only minor fluctuations since. Maximum elevation 
rebound hzs been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet 
[Figure 8B). 

'The subsidence did not cause significant damage to most surface facilities but il did damage oil 
wells a~ abo~lt !,500-.2,0rjO feet deptl~, and induced several small earthquakes. In all, about 500 
~vells v:,.ere damaged. Scme of thy oil well casings were sheared off or so severely damaged that 
iiie v~cils h;i& to be a bafidoned and redrilled. 

Mathematic~il calcalarions indicate that ilp to 66 feet of subsidence could occur if allowed to 
continue unchecked. To prevent and control further subsidence, injection must be maintained 
even aftel- czssatio~~ of fluid withdraw-als. Tne City of L$ong Beach Gas and Oil Department 
(LBCiCli?; slrrveys cleva!lcn changes twice a year, arid ~nv~lilors oil field llirid injection designed - 

to coxei,? cle~ation changes. l'he L,33GC)Ll estimates survey accuracy tif 2tmiit 0.24 ill~jies; areas 
are collsiderciri to l j f ;  I i n b i ,  if elevation change-; are less !hw. that (TJBCiOD, 2004). i3cnch mal<s 



rise and fall in a somewhat random manner that is not completely understood but injections do 
seem to correct elevation changes. The correlation between injection and elevatioli rebound 
appears to be good, but it rnay take a few lnonlhs to a yeas or so to be fully realized. 

There are 3 "index" bench marks near the Heim Bridge; one at the north abutment and two more 
a little farther to the north. Several other bench marlcs ase scattered around the bridge area. Based 
on meas~~rements of these benchmarks, it appears that subsidence of the Heim Bridge area has 
resumed since 1995 and total subsidence of about 2 feet has been observed in the Heim Bridge 
area since 1995. During the recent years, the annual subsidence rate seems to have decreased; 
Measurements were approximately 0.6 in. during the period between May 2007 and April 2008 
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009). 

3.5.3 Flooding 

The flood inundation map in the Los Angeles County safety element of the General Plan (1990) 
indicates there is a flooding potential at the project site from failure of Hansen Darn which is in 
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of 
wher, it is fill, is quite small and it is difficult to imagine that a significant flood surge could be 
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and 
Los Angeles Basin; therefore, the potential for flooding of the site is considered low. 

35.4 Tsunami and Seiche 

Tsunamis are sea waves generated by subniaririe earthquakes, landslides, and volcanic eruptions. 
Seiches ai-G waves internal to ari enclosed or highly restricted body of water that wash back and 
forth across the basin. Smaller tsunamis may be common but their run-ups are no more than 
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunamis 
are cailsed by submarine earthquakes with a magnitude of about 7 or larger. 

Most tsunamis ro affect the Los Angeles-Long Beach harbor areas have been generated by 
distant earthqu&.es although California has had few locally generated, historic tsunamis, namely 

Houston (1 979): the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being 
the worst) indicating a potential for water n~n-ups of 5 to 15 feet. 

California has been struck by several other significant tsunamis generated in the northern Pacific 
(fix exsuilple, the 1946 Aleutian earthquake of Mw = 7.8 and 1964 Alaska event of Mw = 9.2); 
and ill the southern Pacific (i922 Chile earthquake of Mw = 8.4 and the 1960 Chile event of Mw 
= 9.5). The 1964 Alaska earthquake caused severe damage and 15 fatalities in northern 
Califorriia. In saulhem Califosnia, the most serious recorded tsunami was generated by  the 1960 
Chik earthquake. The greatest danlage occurred in the Long Beach-1,us Angeles Harbor where 
5-foot-high seiche waves surged back and forth in the channels. Currents of 12 knots were 
reported as the water rose and fell rapidly. A 6-foot drop in water level occurred in 1 minute at 
Long Beach 3 h o t  drop in 5 minutes along the Cerritos Channel. The currents tore some 300 
smali h a t s  p a d  yachts fiom the slips and as illmy as 30 were sunk. Damage was estimated at 
beiweer, $50Ci,O00 tc? over $1.,000,000. 



A co~nprehensive tsunami analysis for the ports of Long Beach and Los Angeles by Moffat & 
Nichol (2007j basically confilmed the tsunami hazard from distant events. The analysis iricluded 
tsunamis generated by local sources such an ecmthqualtes in the nearby offshore Southern 
California Continental Borderland, and by landslides off the Palos Verdes shelf. No tsunamis 
have been documented from such local events during historical times. These events are 
extremely rare wit11 recurrence intervals up to about 10,000 years. The results of the analysis 
indicate that the maximum water level within the Cerritos channel near Heim bridge could be as 
high as about 11 feet. Current speeds should be less than about 3 ftlsec. 
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4.0 SUBSURFACE CONDITIONS 

4.1 Subsurface Conditions 

Soil stratigraphy is defined by the available soils information and the exploratory borings and 
CPT sounding (described in Section 2) performed under the supelvision of EM1 personnel for the 
project. Within the depths explored (down to about elevation -153 ft), the subsurface profile 
consists of about 50 to 60 fi of interlayered alluvial deposits overlying Gaspur Folmation sand. 

At the subject bridge site, ilatural grade lies at an elevation of about zero, with a few feet of 
inlpoi-t fill for the existing northern approach embankment to Schuyler Heim Bridge extending to 
a maximt~rn elevation of about +12 ft near SR-103 On-Ramp Bent 24. The near surface deposits 
consist of silty sand and sand with silt between natural grade and about elevation -4 ft. The near 
surface deposits are underlaill by a thick strata of inter-layered medi~un stiff to stiff silt, sandy 
silt, and some clay and loose to medium dense silty sand down to about elevation -50 ft. Below 
elevatioil -50 ft, lies the Gaspur Folmation which consists of dense to very dense sand and silty 
sand within the depths explored. 

It should be noted that the above soil description is general and is intended to describe the 
subsurface in very broad terms. The soil descriptions above should not be construed to mean that 
the subsurface profile is uniform and that soil is homogeneous within the project area. For details 
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of the report. 

4.2 Groundwater Conditions 

During the EM1 rr~vestigation in 2009, groundwater was recorded in all five of the borings 
perfoi-med near: the proposed structure between elevation -9.5 ft and -1 1.9 feet. The elevation that 
groundwaier was encountered at in each boring is listed in Table 1 and also on LOTB sheets at 
the end of the report. Due to the proximity of the site to the Cerritos Channel, where the water 
elevation is dictated by tidal fluctuations, higher groundwater elevations than those encountered 
during the field investigation are likely. 

Rased on the observed high water groundwater elevation for the Cerritos Channel, the design 
gou~ldwater was placed conservatively at elevation $5 ft or the ground surface in locations 
where finished grade is proposed to be below elevation +5 ft. 



4.3 Idealized Soil Profile 

Based on informatiol~ collected from borings R-09-029, R-09-031, R-09-032, R-09-034 and R- 
09-035 and CPT sounding CPT-09-092 two idealized soil profiles for foundation analysis and 
design was developed along the proposed bridge alignment. The subsurface profile beneath the 
proposed stl-ucture is shown in Figure 9. The soil profiles and design strength parameters are 
presented below in Table 4. 

Table 4. Idealized Soil Profile and Parameters 

Total Unit Cohesion Friction 
Approx. Elev. (ft) Predominant Soil Type Weight (lb/ft2) 

Angle 
(lb/ft3) (degree) 

Bent 24 to Bent 27 

+12.0 to -4.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 33 -- 
-4.0 to -23.0 Silty Sand / Sandy Silt / Clayey Silt 120 750 0 

-23.0 to -50.0 Silty Sand / Sandy Silt / Sand with Silt 120 0 32 

-50.0 to -60.0 Silty Sand / Sand with Silt 125 0 3 4 
... -. - 

-60.0 to -150.0 Sand / Sand with Silt / Silty Sand 125 0 38 

- - Abutment 2 8 

+21.@ to -@.0 Silty Sand (assumed embankment fill) 120 200 3 2 

+P.@ to -4.0 Sand with Silt / Siltv Sand 1 Sandy Silt 120 0 3 3 
- 

-4.0 to -23.0 Silty Sand / Sandy Silt / Clayey Silt 120 750 0 
- 

-23.0 to -41.0 Silty Sand / Sandy Silt / Sand with Silt 120 0 3 0 

-41..0 to -56.0 Clayey Silt / Clay with Silt / Sandy Silt 120 2,500 0 

-56.0 to -65.0 Silty Sand / Sand with Silt 125 0 3 4 -- . -. -. . -- 
-65.0 to -15G.0 Sand / Sand with Silt / Silty Sand 125 0 38 





5.0 CONCLUSlONS AND REC:OMMENDATIONS 

5,1 Seismie Study 

A preliminfly seismic evaluation was performed by EM: in 2006 and included in the Preliminary 
Fo~mdation Report (EMI, 2006) based on the 2006 Seismic Design Criteria (SDC) (Caltrans, 
2006d). 

Using thc 2006 SDC, the PBA was determined based on Caltrans Seismic Hazard Map 
(Mualchin, 1996a) and the attenuation relationship by Sadigh et al. (1997), as required by 
Caltrans (2006a). The controlling fault was fourld to be the Palos Verdes fault which is a strike- 
slip fault capable of generating a Maximrun Credible Earthquake (PICE) of magnitude 7.0 and a 
PBA of 0.60g at the bridge site. 

The standard ARS curve published in the 2006 SDC (Caltrans, 2006d) for this bridge site is 
shown on Figure R.8 for Soil Profile D (M = 7.25~t0.25) and 0.6g. The standard ARS c ~ m e  was 
modified to accoimi for near-fault effects (a 20% increase of spectral accelerations for periods 
greater than 1 see., no increase for periods less than 0.5 sec., and linear interpolation between 0.5 
and 1 sec) per SLIC Section 6.1.2.1 

Figme 113 sh.c\vr/s tlie recommended modified design ARS curve wit11 coordinates as provided in 
the PFF. (ERII, 2006). 

During hridge type selection, Caltrans coinmented based on the PFR that due to the length of the 
proposed stracixre, a site specific ARS curve should be developed followirig completion of the 
project geotecEU?icsr! irivestigation. It is our understanding that following approval. of bridge type 
selection. preliminary design of the bridge proceeded using the prelimin'ary ARS curve in 
anticlpatior, thal the site specific ARS curvc would be completed in the early stages of final 
design. 

As pan of the EM1 field ia~vestjgation described in Section 2, down-hole shear wave velocity 
measuremeilts were talcen in six of the rotary wash borings for the entire project along the 
mainline bridge alignment. Using the results of shear wave velocity measurements, a site specific 
goimd motior, study was performed. 

Results of the geotechnical field invesiigation and site specific ground motion study, fallowing 
rhe procedures outlined in the latest Caltrans SDC (Caltrans, 2009) indicate that the preliminary 
ARS c,w?e sh~lwx? in Figure 10 plots well above the site specific ,4RS curve. Consequently, 
previously ceaii!ucted aiaij7ses mtl design based on the preliminary seismic evaluation ARS 
c r ~ n ~ e  are considereti r,c~r:sei?;ative and suitable fbr final design. The peak ground acceleration for 
the site was revised ru 0.5 g based on the latest Caitrans SDC. The details of the ground motion 
shldy and the site specific ARS curve are summarized in a rnemorand.clm prepared b y  EM1 and 
are included in Appendix F. 

G:oimd kg t a r e .  No IU.LO~,X,T activg faults traiierse the w r f ~ c e  of the projcnct area. The Califomicn, - -- - - - - - - 
Ilk-isiori of Rfines urd Geolcrgy has not identified Aiquisi-PrJclo Fmlt Zur~es though or in the 
j:rr>xiiniiy 01' rhr. :site. 'T'herefctlcl;, the risk of p:;~lnrl suufacc. 1upt~11.e ax i ate(! I~.liizzi.~l~ i s  
~o~,sidc.sct~ ;ow 



5.2 Liquefaction Potential and Seismically Induced Settlement 

The liquefaction potential of tlie satilratsd, gra~llllar materials beicrw the wa-~er tabie was 
evalua.ted using the procedures outlined by Seed et al. (1983) and updated by NCEER (1 997) and 
Youd et al. (2001). For liquefaction potential evaluation of clayey soils the procedure o~ltlil-led in 
Boulanger and Idriss (2006) was used. The seismically-induced soil settlement was estimated 
using the procedures outlined by To1umats1.1 ancl Seed (1987). As discussed in Section 4.2, the 
design groundwater was ass~lmed to be at the lower of elevation +S ft or the ground surface for 
the liquefaction poterltial evaluation. 

Layers, pocltets and lenses of satmated coarse-grained ailuvial deposits above the dense Gaspur 
Formation (located below approximate elevatio~l -60 8) are expected to be susceptible to 
liquefaction. Seismically induced-settlements of a few to several inches are anticipated. The 
elevations of the potentially liquefiable material and the corresponding anticipated seismic 
settlements are shown in Table 5. Locations of potentially liquefiable material during the design 
earthquake are also identified in the subsurface profile shown in Figure 9. 

Table 5. Liquefaction and Seismic Settlement Analysis Results 

RoringICPT 
Approximate Elevations of Layer Approximate Total Approximate 

Liquefiable Zones Seismically induced Seismically induced 
Sounding No. 

(ft)] Settlement (inches) Settlement (inches) 

5.3 Soi! Cllarrosi~~ity -, 

:<alzples re:~i.esen;~ii,ivc. i>f solis throughout the prcieci 2rea were tested to deternine corrcsi~~ity - 

!',jcj~cljng c;:j,i;,~,,ni rt?si~tiT~ji~, 1:H. ~:jj~?:!e sulfate collier~l, and ~ ~ ( l ~ h l i ,  cldorlde coritc:l?C Eight 



soil sarnples were tested for corrosivity using the procedu~res described in Califoixia Test 
methods 41 7, 422, 532, and 643. The pH varied between 7.7 and 8 8, the minilnum resistivity 
varied from 140 to 620 ohm-cm, soluble cliloride coiltenls were between 465 and 6,316 parts per 
million Cppm) and soluble sulfate contents were between 107 and 1,330 ppm. 

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5 
os less, or the chloride concentration is 500 parts per million (ppn~) or greater, or the sulfate 
conce~~tration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered 
to be corrosive. 

5.4 Scour 

This site is located w i t l ~ l  an area that is generally flat and there are no rivers, creeks 01- channels 
that cross beneath the structure; therefore, scour is not considered a design issue. 

5.5 Fourmdation Type 

Jlue to presence of the weak near-surface soils and the potential for seismically induced 
settlemeni throughout the site, spread footings are not considered feasible for support of the 
proposed stnlctuse. 

Site soils are conducive to either a driven or drilled pile foundation. Due to the presence of deep 
liquefiable Layers, Jarge diameter Cast-In-Drilled-Hole (CIDH) piles are better suited t o  resist the 
large laterai foundation dcnlands than small diameter piles and large diameter piles are needed at 
bent locations to support the large axial pile demands. Rased on the foundation loads provided by 
the desigucrs, I?. fi diameter CIDH piles are recommended for suppoi-t at the proposed structure 
bents and 2 5 fi diameter CIDH piles are reconmended at the abutment. At the bent locations, a 
perrnanenl sreel casing from f ~ s h e d  grade to a depth between 29 and 38 ft is also proposed. 

5.5.8 Axial PiIe Capacity 

Per Caltrans policjr, LKFD method is used for bent piles and WSD is used for abutment piles. 
The fou~ldation design data sheet and factored foundation loads were estimated by the designers 
follov~ing the, latest Caltrans Memo to Designers 3-1 (Caltrans, 2008), and are shown in Tables 6 
m3 7, respectively. 

Table 6. Foundation Design Data Sheet 

Finished Pile Pile Cap Size Permissible 
Design ( f ~ )  Settlement 

No. of 
Eoeaticr~ 

Method 
Pile 'Pype Grade El. Cut-off Piles per 

(n, under Service El. (ft) L Support 
Load (in) ----- 

Bent 24 LRFD 12 fi CIDH -t12.0 -5.5 NA NA 1 2 
.-........ . ................................ . -_ 

Ben-t 25 LRFD 12 ft CIDH +8.0 -9.5 NA NA 1 2 
... . ............... . ___._.L,-, ..... .. -i 

NA NA 1 2 Bent 26 LRFD 12 fi:CIDR +4.0 -15.5 



Table 7. Foundation Design Loads 

Service-I Limit State Strength Limit State Extreme Event Limit State 
(kips) (Controlling Group, kips) (Controlling Group, kips) 

Total Load Perm 
Load Compression Tension Compression Tension 

Sent 24 4,092 4,092 3,107 5,650 5,650 0 0 3,107 3,107 0 '  0 

Bent 25 2,915 2,915 2,189 4,049 4,049 0 0 2,189 2,189 0 0 
.. .- 

Bent26 2,882 2,882 2,189 3,991 3,991 0 0 2,189 2,189 0 0 

Bent 27 2,823 2,823 2,088 3,959 3,959 0 0 2,088 2,088 0 0 
- . - .. .....-.we---... .. -. - . 

Abut28 4,620 220 NA NA NA NA NA NA NA NA NA 

Notes: 1. For bents with more than one Szpport, the highest support/pile demand is listed in the table, a s  
provided by the designer. 

,4xial CIDH pile analyses were performed using the computer program SKAFT 6.0 (Ensoft 
2007). Axial driven steel shell capacities were calculated according to recommendations by 
Tornlii~son (1987) and API (2000). The calculated factored a-xial geotechnical capacities and pile 
iip elevations for each 30-inch CIDH pile at the abutment and 12-ft CIDH pile at the interior 
bents are presented in Tables 8 and 9, respectively. For the extreme event lirnit case, negative 
skin friction due to seismic settlement was estimated using residual strengths for liquefiable soils 
based upon the method o~~tlined in Seed and Harder (1990). The depth to the bottom of the 
liquefiable layer at each support was deteilnined based upon the nearest boring infolmation. The 
Pile Data Table is provided in Table 10. For bent piles, a resistance factor of 0.7 was applied per 
Caltrans LRFD guidelines. 

Table 8. Foundation Recommendations for Abutments 

LRFD Service-I Limit a2 a2 h 
m - U ,? 

e y z g -  E  5 5 State Load (kips) per m 
a2 5 g o L C  u E a Support ~ - 4  g.$ V1 V) 1-4 Ei 0 

.- z2 
+ g G ' E P ! - Z  a2 v1 a a 
3 62 t m z . g k  & - .% y F F 
3 - 

E ? Q ~ S E  Q E - E 
2 .- M g 
6 Total Permanent Y:gsg .- 

V1 
.- 

E U 

A d  0 8 62 

d Z a. 
113 

-65 (a) 
Abut 28 2'5 ' -4.8 4,620 NA 220 440 -45 (c) -65 

CIDH 
---- --.--------- -47 (d ) 

l\ljles :. .Oeszgi? li:, fl~'l'atic?u are cilntroiled by: ('2) Cninpressicn, Ib) (C) Se!tlellzpnt. (d) Larel.al Soad 
2 The s,~dcified tip aldvation shcll )?of br mi.sed. -- - - -- - 



The maxilnum pile-head settlement due to the no~ninal resistance is estimated to be less than 1- 
inch at all suppol-ts. For axial loading, pile group effects can be neglected if the on-center spacing 
is equal to or greater tllan 4 times the pile diameter. A group reduction factor of 0.65 i s  applied 
for on-center spacing of 2.5 times the pile diameter. Based on interpolation over this range, an 
average group reduction factor of 0.87 was applied at the abutment. 

Table 9. Foundation Recommendations for Bents 

o 
Y i- Required Factored 

o E i l f ~  - o Nominal Resistance (Iups) 

Event 

Bent -9.5 2,915 1 4,049 0 2,189 O 
- 103 (a-11) 

25 CIDH -113 -35 
-93 (c) 

660 

12' -15.5 2,882 1 3,991 0 2,189 O - 106 (a-11) 
26 CIDH -109 (c) -112 -41 640 

Bent 12' -18.3 2,823 1 3,959 0 2,088 0 
- 107 (a-11) 

27 CIDH -111 -44 
-101 (c) 

620 

Note,s: I .  Design tiy elntatfnns are controlled by: (a-I) Conzpression (Strength Limio, (a-Il) Compression 
(Extreme Event Limit), (b) Tension, (cg Settlement, (d) Lateral Load. 

2. The speczj?ed tip elevation shall not be raised 



Table 10. Pile Data Table 

Support 

Nominal 
Nominal Resistance 

Pile Resistance (kip) (Driven Steel 
Type Shell) (kip) 

Comp Tens Comp Tens 

Steel 
Casing 

Specified 
Tip 

Elevation 
(ft) 

CIDH 
Design 

Tip 
Elevation 

(ft) 

CIDH 
Specified 

Tip 
Elevation 

(ft) 

Steel Casing 
Nominal 
Driving 

Resistance 
Required 

( 1 ~ ~ s )  
-- -- -- 

-135 (a) 
Bent 24 l2 8,070 0 690 0 -3 1 -85 (c) -135 690 

CIDH 
-86 (d ) 

-1 13(a) 
Bent 25 CIDH j2 ' 5,780 0 660 0 -35 -93 (c) -1 13 660 

-90 (d ) 

-1 12 (a) ' 5,700 CIDH 0 640 0 -4 1 -109 (c) -1 12 640 
-96 (d ) 

. --- - - - - - -- - - - - .... 

-1 11 (a) 
Bent 27 CIDH l2  A 5,660 0 620 0 -44 -101 (c) -1 11 620 

-98 (d ) 

-65 (a) 
2.5 J3 440 

Abut 28 CIDH 0 NA NA NA -45 (c) -65 NA 
-47 (d ) 

Notes: I ,  Design Tip Elevations are controlled by the foIlowing demands: (a) Coinpression, (b) Tension, (c) 
Settleine~t, and (4 Lateral Load. 

2. The specified tip elevation shall not be raised. 

5.5.2 Lateral Pile Capacity 

Abutments. Pile-head shear capacity and maximum benaing moment caused by lateral pile-head 
deflections for a fixed-head connection wit11 the pile cap are provided in Tables 11 and 12 for the 
Service Limit State and the Extreme Event Limit State, respectively. The design tip elevations 
for lateral loading are given in Table 10. 

Lateral pile analyses were performed using the computer program LPILE (Ensoft 2007). The 
internally generated p-y curves for sandy soils were estimated using the APT criteria (API, 2000). 
The internally geucrated p-y ctlrves for stiff fine-grained soils were estimated using the method 
prc~posed by Keese (P.eese et al., 19753, and the internally generated p-y curves for soft fine- 
grained soils were estimated using the metIlod proposed by Matlock (Ivfatlock, 1970). A group 
reduction factor of 0.75 was used in the analysis based on the pile layout provided by the 
designers the procedures outlined in the Ensoft Group 7.0 software Technical Manual 
(Ensof? 2006). TJnder seismic conditions, liquefied soils were modeled using a p-multiplier to 
degrade tlze static strength (Ashtbrd et al., 2008). 



The solutions presented are entirely based on soil resistance and linear pile properties. Therefore, 
these values may be limited by the flexural strength (plastic moment) of the piles and other 
connection details. 

Table 11. Abutment 28,30-in CIDH Pile "Fixed" Head Solution: Service Limit State 

Pile Head Deflection (in) Pile Head Shear (k) Maximum Moment (k-in) 

Notes: 1. Grozp eflccts considered with a reduction factor ofO. 75 on '3." 
2. Static strengrl~pamneters used in all soil layers. 

3. A ci.acked section modz~lz~s of 80% of El  was used i77 the analysis. 

Table 12. Abutment 28,30-in CIDH Pile "Fixed" Head Solution: Extreme Event Limit 
State 

Pile Head Deflection (in) Pile Head Shear (k) Maximum Moment (k-in) 

0.25 45 2,852 

Notes: I .  Group eB2cts considered with n reduction factor of 0.75 017 ' p .  " 

2. Liquefied strength paranzeters used in IiqueJiilble soil 1ayel.s. 

3. A cracked section 7noduZus of 50% ofEI  was used in the ai7alysis. 

Rents. 'phe Preliminary Foundation Report (PFR) for the project was prepared in 2006 by EM1 -- 
(EMI, 2006) based upon existing subsurface information available at the time that included a 
general description of the subsurface conditions beneath the proposed structure and eight 
ideaiized soil profiles along the proposed alignment. It is our understanding that following 
approval of bridge type selection, design soil springs @-y curves) were generated by Caltrans 
using the idealized soil profiles provided in the PFR (EMI, 2006). The preliminary p-y carves 
were intended to be used during the initial stages of design until a project specific geotechnical 
fieid investigation was conducted and the bridge foundation report was prepared. 

Rased on the current geoteclinicrrl i~ivestigation and updated soil profile, an additional project 
specific iateral pile analysis was also performed. Results from that analysis indicate that the p-y 
curves generated from the soil profiles presented in the PFR are suitable for use i n  the final 
design. The current results either generate a more conservative lateral pile response than the p-y 
cuives developed by Caltrans based on the PFR, or a lateral pile response that is svithn an 
acceptable design tolerance. Details of the lateral pile analysis and a comparison between the 
preliminary and updated p-y cunres are included in a memorandum prepared by EMI. The 
memorandum is included in Appendix G. The preliminary p-y cun7es generated from tlle soil 
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profiles in the PFR which were deteimined to be suitable for use in final design for Bent 24 to 
Bent 27 are provided in Appendix H. 

5.6 Bridge Abutment Walls 

5.6.1 Earth Pressures 

An active earth pressure coefficient of 0.3 and a soil unit weight of 120 pcf are recomended for 
a level abutment backfill. If abutment walls are free to move laterally at the top, a static active 
lateral east11 pressure of 36 psf per ft of depth is recommended for a level backfill. If lateral 
movement at the top of abutment walls is restrained, the lateral pressure distribution has a 
trapezoidal shape with a maximum lateral pressure of 28.8H psf between 0.2H from the top and 
bottom of the wall, where H is the wall height in feet. A traffic surcharge equivalent to a vertical 
pressure produced by at least 2 ft of earth should be added to the above lateral earth pressure 
values. Other design requirements are specified in Section 3.20 of the Caltrans Bridge Design 
Specifications (Caltrans, 2004). 

5.6.2 Passive Resistance 

Under seismic loading, an ultimate passive earth pressure of 5 ksf may be used for the approach 
backfill and abutment backwalls with a height equal to or greater than 5.5 ft. For abutment 
bachwalls with heights less than 5.5 ft, the maximum passive pressure may be calculated 
proportionally (e.g., for a 4 ft high backwall, the inaxllnum passive pressure is [4/5.5]x5 ltsf = 

3.6 ltsf). The horizontal movement at which the maximum passive pressure is expected to be 
fuliy mobilized can be determined following the procedure outlined in Section 7.8.1 of the 
Caltrans SDC (2006d). 

5.7 Approach Embanlments 

Up to about 18 ft of fill will be placed near the SR-103 On-Ramp Abutment 28 in order to raise 
existing grade to proposed grade. The abutment end slope will be graded at an inclination of 
!.5:1 (Horizonta1:Vertical) with full slope paving. The western portion of the bridge approach 
embankment will be a mechanically stabilized embankment (MSE) retained by Retaining Wall 
G1 along the westem roadway edge. The eastern portion of the embankment will consist of 
import fil! retained by a Caltrans standard Type 1 retaining wall (Retaining Wall G2) founded on 
a spread footing. Recommendations for Retaining Wall G 1  and G2 are provided in a separate 
foundation report prepared by EM1 (EMI, 20 1 0). 

5.7.1 Static Settlement 

Standard procedures were used to evaluate ground settlement of the underlying foundation soils 
due to the proposed embankment fill placement. Generally, fills induce immediate and 
consolidation settlement of underlying soils. Irmnediate settlement occurs during grading and 
consolidation settlement occurs over varying time periods. Consolidation settlement (magnitude 
and time periodj is directly related to the depth of fill placed over compressible soil and the 
thickness of compressible soil layers. Immediate settlement which is estimated to be negligible in 
this case occurs during grading or shortly thereafter mrhile consolidation settlement, wlxich in this 
case is considerable, oc;curs over varying time periods. 



One cross-section was selected to evaluate the potential settlement beneath the proposed 
einbanknlent approximately 25 ft behind the bridge abutment. Based on cross-sections provided 
by URS Corporation, the existing embankment at "G" Line Sta. 61 8+75 will be approximately 
50 ft wide at roadway level and the embankment l~eight is approximately 16 feet. Based on our 
calculations, the maximum settlement of soils underlying the proposed embankment is estimated 
to be about 7.5 inches. The settlement period is estimated to be about 24 weeks to reduce the 
remaining long-term settlement to less than %-inch. If a 5-ft embankment surcharge is applied, 
the settlement period is reduced to about 15 weeks. For a 7-ft embankment s~~rcharge, the 
settlement periods is reduced to about 13 weeks. 

The surcharge heights referred to in these recommendations are measured relative to the finislied 
grade of the proposed embankments. Settlement periods with surcharge begin once the full 
surcharge height is completed. Waiting periods without surcharge begin once the project grade is 
constructed to the top of the finished subgrade. 

Settlement of the embanlunent fill should be verified by the Engineer prior to installation of 
abutment piles to prevent a reduction in axial pile capacity due to downdrag loads being applied 
to the piles. 

5.7.2 Bridge Abutment Slope Stability 

The global stability analysis of Retaining Wall G1 and G2 is provided in a separate report 
prepared by EAAI (EMI, 201 0). 

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to 
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability analysis for 
the seismic condition was performed using the pseudo-static approach with a seismic coefficient 
of 0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peak horizontal 
acceleration (0.5 g, based on the site specific ground motion study, see Appendix F) but not 
exceeding 0.2. 

According to the results of the analyses and Caltrans guidelines, the slopes meet the minimum 
required factor-of-safety for deep-seated failure of 1.5 for the static condition and I .1 for the 
s e i s ~ i c  condition per Caltrans Foundation Design Guidelines (2006e). 



Fault Name Fault Type M, Dist, km PBA, g 
Palos Verdes (PVS) ST 7.25 2.7 0.6 



6.0 CONSTRUCTION CONSIDERATIONS 

,411 wosk should he perfonlied in acc:ordance v:ith the Calirans Standard Specifiaz~ions (2i106c) 
escep as indicaied lil the Special Provisions prepared for the projeci improvements, 

6.1 Earthwork 

6.1.3 General 

Eartl~wosk nllould be perfollried ia accerdmce with Section 19 of the Caltrans Standard 
Specifications (2006cj. Appropriate measures should be taken to prevent damage to  adjacent 
eristiug stnlctiues and utilities. Desigc and construction of temporary slopes or shoring should 
be made the contracj-or's responsibility. It should be noted that it is the responsibility of the 
contractor ?G oversee the safety of the workers in the field during construction. The contractor 
sliall conIorrn w all applicable occilpational safety and health standards, rules, regulations, arid 
orders established by the State of California. In addition, other State, County, or Municipal 
regulatiolls may sirpersede the recommendations presented in this section. If a trench shoring 
design arld safety plan is required, the geotechnjcal consultant should review the plan t o  con f in  
that rrecolnmendations presented in this report have been applied to the design. 

Heavy consinlction equipment should not be used immediately adjacent to shoring due to large 
latcra! plessuws induced by such equipment unless the shoring is designed to accommodate 
resulting pressnres. Excai;ated soil or constnlction materials should not be stockpiled adjacenl to 
shoring or open excavations. Stockpiled soil and construction materials should be set back a 
disle~ice ar Is:rst eqilai to the height of the excavation. 

Lu. fill areas, comp!ete removal of conipressible surficial materials including vegetation, topsoil, 
loose or sofr. alluvium, ancl otherwise unsuitable material is required prior to fill placement. A 
rninimuul ovei-escavatio11 of 12 inches is recommended within all areas to receive compacted 
fill; the overexcavarion should extend horizontally a aunimum distance of 2 ft from edges of new 
fills or simct~~res. Actual deptl~s and extent of the required reinovals should be determined in the 
field by qaallfied geoteclmical personnel. Overexcavated areas should be cleaned of loose soils 
and deb~is and should be observed to be firm and unyielding before receiving fill. The bottom of 
the overexcavation should be scarified to a minimum depth of 8 inches, moist~lre conditioned or 
(hied ia near optinnam moisture, and compacted in place to a minimum 95 percerit relative 
compactirjri. 

6,3.2. Cutmand Excavations 

p..- ,,iZrn;~la~ily i i_'lia~,i do not show my pennanefii cuts ur excavations necessary to achieve finish 
gracies. Tifi:.twe:,, "ir:mportlry r;l~.tt:; may be rcq~aired i r ~  a rea  vvller:: drainage improverne~~ts and - iou:ings 2x-e propt;)sed. 1 efiqmiiy t.xcavations, i:~cludirrg 'teml)orarg shoring: liesessary to 
corrstnict the bridge abutment footings or cu lve~~s  will need ro be deslgnecl by the coctractor for 
1uca.f and globa! stability, once the mems and metkods o f  construction are determined. . - 



6.1.3 Groundwater Control 

Grou~idwater was encountered in all four of the borings perfoilned for the proposed bridge 
foundation between Elevation -9.5 and -11.9 ft. The proposed footing bottom elevation at 
Abutment 28 is -5.0 ft. Due to the proximity of the site to the Cerritos Channel where the water 
elevation is dictated by tidal fluctuations, higher groundwater elevations than those encountered 
during the field investigation are likely; therefore, the contractor should be prepared t o  control 
groundwater during footing construction. Any groundwater encountered during footing 
construction should be controlled in accordance with Section 19-3.04 of the Caltrans Standard 
Specificatioas (2006~). Any seepage or gsoundwater removed from an excavation sllould be 
tested and disposed of in compliance with all applicable local, state and federal requirements. 
Free water sl~ould not be allowed to stand in any excavations. If excavations become flooded, at 
least the bottom 6 inches of soil should be removed and replaced or re-con~pacted to 95  percent 
relative compaction. Additional removals may be required at the discretion of the Engineer. 

6.2 CIDH Pile Construction 

Loose soils should be cleaned fiom the bottom of the borings. Pile borings should be inspected 
and approved by the geoteclfical engineer prior to the installation of reinforcement. Extreme 
care ill drilling, placement of steel, and the pouring of concrete is essential to avoid excessive 
disturbance of pile boring walls. Concrete placement by pumping or tremie tube to the bottom of 
the pile borings is recoinmended. Specifications should require that sufficient space be  provided 
in the pile reinforcing cage during fabrication to allow the insertion of a tre~nie tube for concrete 
placement. 

'The pile reinforcing cage should be installed arid the concrete pumped immediately after drilling 
is comnp1e:ed. No boring should be drilled i~mediately adjacent to another pile until the concrete 
in the other pile has attained its initial set. 

Groundwater was encountered between elevation -9.5 and -1 1.9 feet in October and November 
2009. Actual grolmdwa,ter elevation may be different during construction due to seasonal 
rainfall, surface runoff and other man-made conditions. In addition, due to the proximity of the 
site to the Cerritos Channel where the water elevation is dictated by tidal fluctuations, higher 
groundwater elevations than those encountered during the field investigation are likely. 
Therefore, contractors should be prepared to use a "wet" method of constiuction. As a standard 
Caltrans practice for "wet" construction, PVC tubings must be installed withm the reinforcement 
cage oi'the CIDH pile for gamma-ray testing. 

Pockets lenses of loose sandy material and very soft to soft fine-grained material were 
enco~lrltered in our soil borings and these materials are susceptible to caving. If caving occurs, a 
temporary casing may be required during construction. Casings should have ail outer diameter 
equal to or exceeding the pile diameter. Temporary casing should be pulled as the-concrete is 
being poured while always mainlairing at least a 5 ft head of concrete inside the casing. 
Contractor can choose to use a "wet" method of cocstruction to control caving. 

In the eve,?_t that any boring beconies bell-shaped and cannot be advanced due to severe caving, 
all loose mattcria! should be rernoved fi-om The b~rffoin c.F the boring and the caved region filled 



with low strength sand-cement sl~lrry. Drilling may continue when the s l u  has reached its 
initial set. 

6.3 Backdrain and Backfill Requirements for Abutment Walls 

Materials behind the abutment and wing walls should be low-expansive soil with an Expansion 
Index (El) less than 50 Sand Equivalent (SE) of more than 20 as shown in Figure 11. The 
low-expansive material requirement should not supersede the structure backfill and pervious 
backfill requirements as described in Caltrans Standard Plans, Bridge Detail 3-1 (2006b), and 
!3altrans Standard Specifications (2006~) under Sections 19-3.06 and 19-3.065, respectively. 

Backfill should be compacted in accordance with Section 19-5 of the Caltrans Standard 
Specifications (2006~). Backfill should be placed in loose lifts not exceeding 8 inches in 
thickness, moisture-conditioned or dried to near optimum moisture content, and compacted to at 
least 95 percent relative compaction. The relative compaction should be based on the maxiinum 
density determined by California Test Method 216. Jetting or flooding to compact backfill is not 
recommended. Heavy compaction equipment, such as vibratory rollers, dozers, or  loaders, 
should not be used adjacent to the abutment walls in order to avoid damaging the walls due to 
large lateral earth pressures. 

Baclcdrains should be installed behind abutment walls to relieve hydrostatic pressure. The 
backdrains should be constructed in accordance with Bridge Detail 3-1 per Caltrans Standard 
Plans (2006b). 

6.4 Review of Construction Plans 

Recuimendatior~s contained herein are based on current design information. The geoteclznical 
consultant should review the fulal construction plans and specifications in order to confirm that 
the general ii?,tcilt of the recommendations contained in this report have been incorporated into 
the Finai coi-istmction documents. Recommendations presented in this report may require 
modificaiio~l or additional recornnlendations may be necessary based on the final design. 

6.5 Geotechnical Observation and Testing 

Quiilified geotechnical personnel should perfonn inspections and testing during the following 
stages of constnlction: 

Grading operations, includhg excavations and placement of compacted fill. 
Shorlig iristallation. 
Fmting excavations. 
CIDT-1 pile co~struc~iisn. 
CIDT! pi Le integrity testing. 
Backdrain installation and backfilling of bridge abctmelat walls. 
Remwal or installation of support of buried utilities or structures. 
W%eil m y  unusual stabsurface conditions are encxiuntered. 



"EXPANSION INDEX (El) TO BE 
DETERMINED PER ASTM D 4829 
SAND EQUIVALENT (SE) TO BE 
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Appendix C. EarthSpectives SPT Hammer Energy Measurement Report 



EARTHSPECTIVES 
250 Goddard Phone: (949) 777-1 270 
Irvine, California 9261 8 Fax: (949) 777-1 283 

November 12, 2009 
EarthMechanic, Inc. 
17660 Newhope, Suite E 
Fountain Valley, California 92708 

Attention: Mr. Ranian Guneranian 

Dear Ranjan: 

SPT Hammer Energy Measurement 
Borings A-09-053, R-09-004, and R-09-009 
ACTA Schuyler Heim Bridge Replacement 
Long Beach, California 
ES Project No. 09095-141 

INTRODUCTION 

This letter report summarizes the results of EarthSpectivesl (ES) SPT hammer energy measurements 

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It 

provides a description of the test program and results. 

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system 

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and 

6066 test standards. Results are summarized in Table 1, while more details regarding energy records 

are provided in Appendix A. 

TESTING CONDITIONS 

Test Borings 
SPT hammer energy measurements were performed at three boring locations drilled by three different 

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R 

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ 

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal 

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig 

equipped with a Automatic trip hammer and HF2-518 drill rod, while C&L Drilling samplers were 

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made 

drill rod. 

Instrumentation 
SPT energy measurements were performed by placing a 2 ft instrumented section of drill rod  at the top 

of the drill string between the hammer and the existing sampling rods. The instruments consist of two 

Geotechnical Specialty Engineering 



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view 

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during 

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The 

raw data were stored directly on a portable field computer for subsequent analysis in the office. 

RESULTS 

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy 

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred 

energy to rated energy of the hammer which is the product of the weight of the hammer times the 

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft). 

TABLE 1 -SUMMARY OF SPT HAMMER ENERGY MEASUREMTS 

AVERAGE SPT HAMMER EFFICIENCY 

I I Automatic Trip hammer I Automatic Trip hammer I Rope and Cat-Head I 

SAMPLING DEPTH 
(FT) 

(ENERGY TRANSFER RATIO) 
BORING R-09-009 
C&L Drilling, Inc. 

Mud Rotary 

BORING A-09-053 
2R Drilling, Inc. 

Hollow Stem 

BORING R-09-004 
So Cal drilling, Inc. 

Mud Rotary 



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of 

blow number in Appendix A. Table immediately following the plot also provides the minimum, 

maximum, and average values at each sampling depth in addition to raw data. 

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an 

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall 

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall 

average of 62 percent for boring hole R-09-009. 

LIMITATIONS 

Professional judgments represented in this report are based on evaluations of the technical 

information gathered, our understanding of the proposed construction, and our general experience in 

the geotechnical field. We do not guarantee the performance of the project in any respect, only that 

our engineering work and judgments are rendered while striving to meet the standard of care of our 

profession at this time. 

CLOSURE 

It has been a pleasure serving you on this project and we look forward to working with you again. 

Please call if you have any questions. 

Sincerely Submitted for EarthSpectives 

Hossein K. Rashidi, Ph.D., P.E. 
Principal Engineer 
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P i l e :  A - 0 9 - 0 5 3  
I n f o :  HOLLOW STEM 
AR : 1 . 2  i n A 2  
LE:  5 6 . 0  f t  

P r o j  : ACTA HEIM BRIDGE PROJECT Pgl 
S P :  0 . 4 9 2  k / f t a 3  
WS: 1 6 8 0 8  f t / s  
EM: 3 0 0 0 0  KSI 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max Measured C - S t r e s s  
E 2 F :  UNDEFINED C S I :  Max F 1  o r  F 2  C - S t r e s s  
E F 2 :  E n e r g y  b y  F-2 Method TSX: Max C o m p u t e d  T - S t r e s s  
EV2 : UNDEFINED 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - - - - -  

BL# d e p t h  T Y  EMX ETR E 2 F  EF2  EV2 BPM CSX CSI  TSX 
end b l / f t  f t K - f t  k K-ft bl/min k s i  k s i  l t s i  

1 4  5 . 0 0  AV 0 . 2 8  8 2  0  1 . 5 0  2 0 4  5 4 . 7  2 0 . 0 6  2 0 . 1 3  6 . 8 1  



Pile: A-09-053 Proj : ACTA HEIM BRIDGE PROJECT Pg2 
Info: HOLLOW STEM 
_ _ _ _ - _ - _ _ - - - - _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

COMMENTS 
JC = 0.70 
Sample at 5 ft 
Sample at 10 ft 
Sample at 15 ft 
Sample at 20 ft 
Sample at 25 ft 
Sample at 30 ft 
Sample at 35 ft 
Sample at 40 ft 
Sample at 45 ft 
Sample at 50 ft 

DRIVEN (2009-0ct-13 : A-09-053.MDF) 
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Pile: R-09-004 Proj : ACTA HEIM BRIDGE PROJECT Pgl 
Info: MUD ROTARY SP: 0.492 k/ftn3 
AR : 1.4 in-2 WS: 16808 ft/s 
LE: 163.0 ft EM: 30000 KSI 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max Transferred Energy BPM: Blows Per Minute 
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress 
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress 
EF2: Energy by FA2 Method TSX: Max Computed T-Stress 
EV2: UNDEFINED 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end bl/ft f t K-ft % K-f t bl/min ksi ksi ksi 
1 2 10.00 AV 0.20 59 0 2.79 164 0.0 26.20 32.04 11.83 



Pile : -R- 09 - 004 
Info: MUD ROTARY 

Pro j : ACTA HEIM BRIDGE PROJECT Pg2 

BL# depth TY 
end bl/ft f t 
575 5 135.00 AV 

MX 
MN 

EMX 
K-f t 
0.28 
0.28 
0.26 

ETR E2F 
% 

8 0  0 
8 1 0 
7 5 0 

EV2 BPM 
bl/min 

210 38.6 
222 39.4 
154 0.0 

C S I  TSX 
k s i  ksi 

35.68 12.65 
36.75 14.02 
34.28 11.15 

COMMENTS 
JC = 0.70 
Sample at 30 ft 
Sample at 56 ft 
Sample at 80 ft 
Sample at 90 ft 
Sample at 105 ft 
Sample at 115 ft 
Sample at 125 ft 
Sample at 135 ft 
Sample at 145 f t 
Sample at 155 ft 

DRIVEN (2009-Oct-22 : R-09-004.MDF) 
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Pile: R-09-009 Proj: ACTA KEIM BRIDGE PROJECT Pgl 
Info: MUD ROTARY- rope and cathead SP: 0.492 k/ftA3 
AR: 1.4 in-2 WS: 16808 ft/s 
LE: 165.0 ft EM: 30000 KSI 
_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max Transferred Energy BPM: Blows Per Minute 
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress 
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress 
EF2: Energy by F-2 Method TSX: Max Computed T-Stress 
EV2 : UNDEFINED 
_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL8 depth TU EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end bl/ft ft K-ft % K-f t bl/min ksi ltsi ksi 
1 3 10.00 AV 0.20 55 0 2.10 0 24.0 28.27 28.27 0.00 



Pile: R-09-009 Pro j : ACTA HEIM BRIDGE PROJECT Pg2 
Info: MUD ROTARY- rope and cathead 
_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - - - - - -  

SL# depth TY EMX ETR E2F EF2 EV2 B PM CSX CSI TSX 
end bl/ft ft K-ft 5 K-ft bl/min ksi ksi ksi 
687 9 140 .OO AV 0.24 68 0 3.01 236 34.8 23.31 23.31 2.79 

MX 0.30 80 0 3.69 303 38.8 28.09 28.09 5.59 
MN 0.18 51 0 0.00 13 0.0 3.80 3.80 0.47 

COMMENTS 
JC = 0.70 
Sample at 20 ft 
Sample at 60 ft 
Sample at 80 ft 
Sample at 90 ft 
Sample at 100 ft 
Sample at 110 ft 
Sample at 120 ft 
Sample at 130 ft 
Sample at 140 ft 
Sample at 155 ft 

DRIVEN (2009-0ct-28 : R-09-009.MDF) 
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INTRODUCTION 

Boring geophysical measurements were collected in six uncased borings for the Schuyler Heim 

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisition was 

perfornied between October 19 to November 6, 2009 by Victor Gonzalez and Charles Cai-ter of 

GEOVision. Data analysis was performed by Victor Gonzalez and reviewed by Robert Steller of 

GEOVision. Report preparation was performed by Victor Gonzalez and reviewed by John Diehl 

of GEOVision. The work was performed under subcontract with Earth Mechanics, Inc. (EMI) 

with G. J. Gunaranjan serving as the point of contact for EMI. 

This report describes the field measurements, data analysis, and results of this work. 
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SCOPE OF WORK 

This report presents the results of boring geophysical measurements collected between October 

19 and November 6,2009 in six 4 718 -inch uncased borings, as detailed in Table 1. The purpose 

of the st~ldy was to suppleinent stratigraphic information obtained during EMI's soil sampling 

program and to acquire s l ~ e a ~  wave velocities and compressional wave velocities as a f~~nction of 

depth. 

"'Coordinates and elevations provided by EM1 

Table 1 Boring locations and logging dates 

BORING 

DESIGNATION 

The OYO Suspension Logging System was used to obtain in-situ horizontal shear and 

coinpressional wave velocity measurements at 1.6-foot intervals. The acquired data were 

analyzed and a profile of velocity versus depth was produced for both compressional and 

horizontally polarized shear waves. 

A detailed reference for the velocity measurement techniques used in this study is: 

Guidelines for Determinin~ Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, 

Sections 7 and 8. 

DATES 

LOGGED 

ELEVATION - FEET 

MLLW 

COORDINATES - FEET "' 

NORTHING EASTING 
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INSTRUMENTATION 

Suspension Instrumentation 

Suspension soil velocity measurements were performed in all borings using the PS suspension 

logging system, manufactured by OYO Corporation, and their subsidiary, Robertson 

Geologging. This system directly determines the average velocity of a 3.3-foot high segment of 

the soil column surrounding the boring of interest by measuring the elapsed time between 

arrivals of a wave propagating upward tlu-ough the soil column. The receivers that detect the 

wave, and the source that generates the wave, are moved as a unit in the boring producing 

relatively constant amplitude signals at all depths. 

The suspension system probe consists of a combined reversible polarity solenoid l~orizontal 

shear-wave source (SK) and compressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet, 

allowiilg average wave velocity in the region between the receivers to be determined by 

inversion of the wave travel time between the two receivers. The total length of the probe as used 

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottom 

end of the probe. 

The probe receives control signals from, and sends the receiver signals to, instnunentation on the 

surface via an armored 4 or 7 conductor cable. The cable is wound onto the drum of a winch and 

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28- 

foot circumference sheave fitted with a digital rotary encoder. 

The entire probe is suspended in the boring by the cable, therefore, source motion is not co~lpled 

directly to the boring walls; rather, the source motion creates a horizontally propagating 

impulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure 

wave is converted to P and SH-waves in the surrounding soil and rock as it impinges upon the 

wall of the boring. These waves propagate through the soil and rock surrounding the boring, in 

h1i-n causing a pressure wave to be generated in the fluid surrounding the receivers as the soil 
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waves pass their location. Separation of the P and SH-waves at the receivers is performed using 

the following steps: 

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source, 

maximizing the amplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a characteristic SH- 

wave signat~lre distinct from the P-wave signal. 

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and 

damp sig~lificantly before the slower SH-wave signal asrives at the receiver. In saturated 

soils, the received P-wave signal is typically of much higher frequency than the received 

SH-wave signal, pelinitting additional separation of the two signals by low pass filtering. 

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significantly greater than the 

dimension of the fluid ann~llus surrounding the probe, preventing significant energy 

transmission tlxough the fluid medim.  

In operation, a distinct, repeatable pattern of in~pulses is generated at each depth as follows: 

1. The source is fired in one direction producing dominantly horizontal shear with some 

vertical compression, and the signals from the horizontal receivers situated parallel to the 

axis of motion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded. The repeated 

source pattern facilitates the picking of the P and SH-wave arrivals; reversal of the source 

changes the polarity of the SH-wave pattern but not the P-wave pattern. 

The data from each receiver during each source activation is recorded as a different cl~annel on 

the recording system. The Suspension PS system has six channels (two sim~~ltaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six channels with 

a cornnlon time scale. Data are stored on disk for further processing. Up to 8 sampling sequences 

can be sumned to in~prove the signal to noise ratio of the signals. 
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Review of the displayed data on the recorder or computer screen allows the operator to set the 

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize 

the quality of the data before recording. Verification of the calibration of the Suspension PS 

digital recorder is performed every twelve months using a NIST traceable frequency source and 

counter, as outlined in Appendix B. 
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MEASUREMENT PROCEDURES 

Suspension Measurement Procedures 

Six 4 718-inch uncased borings filled with freshwater drilling mud were logged. Measurements 

followed the GEOVisiovl Procedure for P-S Suspension Seisillic Velocity Logging, revision 1.4. 

Prior to each logging run, the probe was positioned with the top of the probe at the top of the 

drilling mud tub, ground surface, or other stationary reference point. S~~bsequently, the electronic 

depth couilter was set to 8.2 feet, the distance between the mid-point of the receiver and the top 

of the probe, minus the height of the stationary reference point, as verified with a tape measure, 

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the 

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as 

sumrnavized in Table 2. 

At each measurement depth the measurement sequence of two opposite horizontal records and 

one vertical record was performed, and the gains were adjusted as required. The data from each 

depth were viewed on the conlputer display, checked, and recorded on disk before moving to the 

next depth. 

Upon colnpletion of the measurements, the probe zero depth indication at the stationary 

reference point was verified and recorded on the field logs prior to removal from the boring. 

Field data were backed up to USB flash drive each day upon completion of data acquisition. 

Table 2. Logging dates and depth ranges 

BORING 
NUMBER 

R-09-007 

R-09-014 

R-09-021 

R-09-022 

R-09-025 

R-09-028 

TOOL AND RUN 
NUMBER 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

DEPTH 
RANGE 
(FEET) 

3.3 - 136.2 

3.3 - 118.1 

6.6 - 154.2 

3.3 - 162.4 

3.3 - 160.8 

3.3 - 162.4 

DEPTH TO 
OF 

BORING 
(FEET) 

150 

165 

170 

175 

175 

175 

SAMPLE 
INTERVAL 

(FEET) 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

DATE 
LOGGED 

1 011 912009 

1012012009 

1 0121 I2009 

1 1 102/2009 

1 1 /05/2009 

1 1 /06/2009 
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DATA ANALYSIS 

Suspension Analysis 

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital wavefoirns 

were analyzed to locate the most prominent first minima, first maxima, or first break on the 

vertical axis records, indicating the al-sival of P-wave energy. The difference in travel time 

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate the P-wave velocity for 

that 3.3-foot segment of the soil column. When obselvable, P-wave arrivals on the horizontal 

axis records were used to verify the velocities determined from the vertical axis data. The time 

picks were then transfesred into an EXCEL template (EXCEL version 2003 SP2) to complete the 

velocity calculations based on the arrival time picks made in PSLOG. 

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-R1) was also picked 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived froin the travel time between receivers. In this analysis, the depth values as recorded 

were increased by 4.53 feet to coi-sespond to the mid-point of the 6.33-foot S-Rl interval. Travel 

times were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting 

0.35 milliseconds, the calculated and experimentally verified delay from source trigger pulse 

(beginning of record) to source impact. This delay corresponds to the duration of acceleration of 

the solenoid before impact. 

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to 

locate the presence of clear SH-wave pulses, as indicated by the pres.ence of opposite polarity 

pulses on each pair of horizontal records. Ideally, the SH-wave signals from the 'normal' and 

'reverse' source pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass 

filtering can be used to remove the higher frequency P-wave signal fiom the SH-wave signal. 

Generally, the first maxima were picked for the 'normal' signals and the first minima for the 

'reverse' signals, although other points on the waveform were used if the first pulse was distorted. 

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +I- 0.2 milliseconds, 

due to differences in the actuation time of the solenoid source caused by constant mechanical 

bias in the source or by boring inclination. This variation does not affect the R1-R2 velocity 



Earth Mechanics Inc. Project Number 06-1 23 

determinations, as the differential time is measured between asrivals of waves created by the 

same source act~lation. The final velocity value is the average of the values obtained from the 

'izormal' and 'reverse' source actuations. 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 6.33-foot 

interval from source to receiver 1 was calculated and plotted for verification of the velocity 

derived from the travel time between receivers. In this analysis, the depth values were increased 

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel times were 

obtained by picking the first break of the SH-wave signal at the near receiver and subtracting 

0.35 milliseconds, the calculated and experimentally verified delay from the beginning of the 

record at the source trigger pulse to somce impact. 

These data and analysis were reviewed by Robert Steller as a component of GEOVisionYs in- 

house QA-QC program. 

Figure 2 shows ail example of R1 - R2 measurements on a sample filtered suspension record. In 

Figure 2, the time difference over the 3.3-foot interval of 1.88 lnilliseconds for the horizontal 

signals is equivalent to an SH-wave velocity of 1745 feetlsecond. Whenever possible, time 

differences were determined from several phase points on the SH-waveform records to verify the 

data obtained from the first an-ival of the SH-wave pulse. Figure 3 displays the same record 

before filtering of the SH-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, 

illustrating the presence of frequency P-wave energy at the beginning of the record, and 

distortion of the lower frequency SH-wave by residual P-wave signal. 
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RESULTS 

Suspension Results 

Suspensioil R1-R2 P- and SH-wave velocities are plotted in Figures 4, 5 ,  6, 7, 8, and 9. The 

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8, 

respectively. These plots and data are included in the EXCEL analysis files transmitted 

separately. 

P- and SH-wave velocity data fron-~ R1-R2 analysis and quality assurance analysis of S-R1 data 

are plotted together in Figures A-1 through A-6 to aid in visual comparison. It should be noted 

that R1-R2 data are an average velocity over a 3.3-foot segment of the soil col~unn; S-R1 data 

are an average over 6.33 feet, creating a significant smoothing relative to the R1-R2 plots. S-RI 

data are presented in Tables A-1 t l ~ o u g h  A-6, and included in the EXCEL analysis files. 

Calibratioil procedures and records for the suspension PS measurement system are presented in 

Appendix B. 
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SUMMARY 

Discussion of Suspension Results 

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotary mud (rota~y wash) methods, as were these borings. Thus data collected in these uncased 

borings was of vely good quality. 

Suspension PS velocity data quality is judged based upon 5 criteria: 

1. Consistent data between receiver to receiver (R1 - R2) and source to receiver (S - R1) 

data. 

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated 

soils) 

3. Consistency between data from adjacent depth intervals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

5 .  Consistency of profile between adjacent borings, if available. 

These data show good correlation between R1 - R2 and S - R1. Additionally, there is a good 

col~elation between P-wave and SH-wave velocities, as both show similar velocity inflections. 

Data from adjacent depth intervals are generally similar. P-wave and SH-wave onsets are clear 

and later oscillations are well damped. 

Velocity profiles between borings in the study area are generally similar. All borings exhibit SH- 

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over 

1,000 fps at depth. All borings show an increase to water velocitiesin the P-wave profiles at 10 - 

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a similar 

decrease in P-wave velocity at approximately 45 - 55 feet bgs which typically indicates an 

organic-ricli zone. 



Earth Mechanics Inc. Project Number 06-123 

Quality Assurance 

These boring geophysical measurements were performed using industry-standard or better 

methods for measurements and analyses. All work was performed under GEOVision quality 

assurance procedmes, which include: 

a Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instrumelltation 

a Use of standard field data logs 

e Use of independent verification of velocity data by comparison of receiver-to-receiver and 

source-to-receiver velocities 

a Independent review of calculations and results by a registered professioilal engineer, 

geologist, or geophysicist. 

Suspension Data Reliability 

P- and SH-wave velocity measurement using the Suspensioii Method gives average velocities 

over a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the 

graphs. In uncased borings, individual measurements are very reliable, with estimated precision 

of +I- 5%. Standardized field procedures and quality assurance checks contribute to the 

reliability of the data. 
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OYO PS-I 70 or 

LoggerIRecorder 

Head Reducer 

Flash drive 

Lower Geophone 

Source Driver 

Overall Length - 25 ft 

Figure 1 : Concept illustration of P-S logging system 
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Figure 2: Example of filtered (1400 Hz lowpass) record 
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Figure 3. Example of unfiltered record 
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SCHUYLER HElM BRIDGE BORING W1894617 
Recelver to Recelver V, and V, Anrlysls 

6 1060 2060 3006 4066 5000 6606 7000 
VELOCITY (flls) 

Figure 4: Boring R-09-007, Suspension R1-R2 P- and SH-wave velocities 
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 



Earth Mechanics Inc. Project Number 06-123 

SCHUYLER HEIM BRIDGE BORING R-09-044 
Receiver to Receiver V, and V, Analysis 

0 1008 2068 3080 4888 5000 7000 
VELOCITY (Ws) 

Figure 5: Boring R-09-014, Suspension R1-R2 P- and SH-wave velocities 
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 

Midpoint Between 
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SCHUVLER HElM BRIDGE BORING R49421 
Recelver to Recelver V, and V, Analysls 

6 I 088 2668 3600 4800 5008 8600 7888 
VELOCITY (Ws) 

Figure 6: Boring R-09-021, Suspension R1-R2 P- and &-wave velocities 
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Table 5. Boring R-09-021, Suspension Rl-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 

Midpo~nt Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 

oint Between 
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SCHUYLER HElM BRIDGE BORING Rag1022 
Receiver to Receiver V, and V,, Analysis 

4006 
VELOCITY [WB) 

Figure 7: Boring R-09-022, Suspension R1-R2 P- and &-wave velocities 
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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SCHUYLER HElM BRIDGE BORING R49-025 
Receiver to Receiver V, and V, Analysis 

2000 4000 $000 8080 
VELOCITY (Ws) 

Figure 8: Boring R-09-025, Suspension R1-R2 P- and &-wave velocities 
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLER HElM BRIDGE BORING Rag1828 
Recelver to Recelver V, and V, Analysls 

0 1880 2888 3888 4888 5060 6008 7880 
VELOCITY (Ws) 

Figure 9: Boring R-09-028, Suspension R1-R2 P- and SH-wave velocities 
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 

Midpoint Between Midpoint Between 



Earth Mechanics Inc. Project Number 06-123 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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GFClVisinn R e n n r t  9375-01 rev a 
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SCHUYLEW HElM BRIDGE BORING Rag1007 
Source to Rectrlwer and Wecelwer to Recelver Anal ysls 

+ Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

0 1000 2080 3000 4008 5800 6008 7800 
VELOCITY (ftl~) 

Figure A-I. Boring R-09-007, R l  - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-I. Boring R-09-007, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

GFOVisinn Rpnnrt 9375-01 rev w Pane Ad nf 77 
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SCHUVLER HElM BRIDGE BORING R1091614 
Source to Recelver and Receiver to Wecelver Analysls 

+Source-Near Receiver, Vs 

Near-Far Receivers, VP 

0 1 600 2000 3600 4080 5000 $600 7000 
VELOCITY [Ws) 

Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-2. Boring R-09-014, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 

GEOVision Report 9375-01 rev a Page 47 of 72 November 11.2009 
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SCHUYLER HElM BRIDGE BORING RlO9421 
Source to Recelver and Recslver to Recelver Analysis 

-o- Soilrce-Near Receiver, Vs 

Near-Far Receivers, Vp 

, . , .  . . . .  . m . .  . m . . .  . . . . . . . . . . . . . . . . . . .  
0 1000 2000 3000 4000 5000 $000 7000 

VELOCITY (Ws) 

Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis 
and S - R l  quality assurance analysis P- and SH-wave data 
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and Poisson's 
Ratio 

0.49 

0.49 

0.49 

0.49 

0.49 

0.50 

0.50 

0.50 

0.50 

0.50 

0.49 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and Between Source and 
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SCHUYLER HElM BRIDGE BORING R49422 
Source to Recelver and Wecelver tca Recelver Analysis 

8 

1 88 
0 2000 4800 8000 8000 

VELOCITY (Ws) 

-+Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

. . . . . . . . . . . .  m . . . , , , , .  

Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-4. Boring R-09-022, S - R l  quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

GEOVision Re~or t  9375-01 rev a Paoe 53 of 72 N n ~ r ~ r n h ~ r  11 3nna 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehoie R-09-022 

Between Source and Between Source and 
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SCHblYLER HElM BRIDGE BORING R49425 
Source to Recelver and Receiver to Recelver Analysls 

+Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

0 2880 4080 6008 8000 

VELOCITY {Ws) 

Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis 
and S - R l  quality assurance analysis P- and SH-wave data 
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Depth a t  Midpoint 

GEOVision Report 9375-01 rev a Paae 57 of 72 Nn!mrnhpr 1 1  7nna 



Earth Mechanics Inc. Project Number 06-1 23 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLER HEIM BRIDGE BORING R49428 
Source to Recelver and Recelver to Recelver Analysls 

-0- Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

-c- Source-Near Receiver V 

0 1080 2800 3080 4008 5000 6080 7000 

VELOCITY [Ws) 

Figure A-6. Boring R-09-028, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-6. Boring R-09-028, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Depth at Midpoint 



Earth Mechanics Inc. Project Number 06-123 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Between Source and Between Source and 



Earth Mechanics Inc. 

APPENDIX B 

Project Number 06-123 

BORING GEOPHYSICAL LOGGING 
SYSTEMS - NlST TRACEABLE CALIBRATION 
PROCEDURES ARlD CALIBRATION RECORDS 



Earth Mechanics Inc. Project Number 06-123 

SON ES '" Calibratioii Report 

Ttletrology 
73 00 Fen~viclc Lnne 
Westminster, CA 92683 
J'oll Free: 866-723-2157 

Manufacturer: o y o  
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160023 
Serial Number: 160023 
Cal. Procedure: Customer 
PO Number: 9200-090716-01 

GEOVision Geophysical Services 
1 124 Olympic Drive 

Corona, CA 92881-3390 

Page I of 4 

I llllll I~Siir  WIBiiBI Ill1 1111 
573794 

Lab Code: 105014-0 

Ambient Tem~erature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 
Caiibration Date: 0711 712009 
Calibration Due Date: 0711 71201 0 
Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in SCE Document M013987. The data can be found on pages 2 and 3 of this report with the original observation data on page 4. 

Standards Utilized 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVlAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NlSTlNVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISO/IEC 17025:2005, ANSIINCSL 2540-1-1994 and IOCFRSO, Appendix B. Where uncertainties are provided, 
the uncertai~~~~t~F',~sdh,e,,e~p##5"_$;;,","$inty of the measurement, where k=2. 
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pu-e Date 
07/29/2009 

1 1/04/2009 
01/24/2010 

-< - - 
w 

Calibration Performed By: - _ - - _ .  - . - a  . . 
-- .- ? -  

Branson, Craig A - Metrologist 714-895-0714 - 
N n m c  Title P i i o ~ ~ c  

1 , ~ .  ~ 6 , -  -.. 
SI-01252 
S1-01347 
S1-03686 

-',. - - . 
Q I ~ R V ~ W  E . * - -  _ - - 

I- 

Nnmc 

jj47t"--d - = -  -.--< - 
, *.- t i  .L4.. T-*- -....+, = = ' - - - - ' 

Counter, Universal 
Generator, Function, Synthesizer 
Standard, Frequency, Controlled, Gps 

D a e  
01/29/2009 
05/04/2009 
01/24/2009 

, % , ,  

-@@nbfac&re~ .--- - - : - 

Hewlett Packard 
Hewlett Packard 
Fluke 

- - 2  - *??- :, ?, -= :--< -: *~~~d€##k:-f%:~ $- -.A*,-.. = - ' 

5 3 3 5 ~  OPT O I O , ~ O ~ O ~ O  

3325A 
910 



Earth Mechanics Inc Project Number 06-123 

Test No. 
Asset No 

573794 
Custom Specification Report 

.I60023 Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

NOMINAL 
Out 

STEP FUNCTION ASLEFT of CALIBRATION 

TESTED VALUE 
AS FOUND 

NUM Tol T O L E W C E  

CH HN 49.50 to 50.50 HZ 
Frequency 50.00 HZ 50.00 Same 
S ~ n e  Wave [EMU 0.000250] 

99.0 to 101.0 Hz 
I 100.0 Hz  100.0 Same [EMU 0.000500] 

198.0 to 202.0 Hz 
I 200.0 Hz 200.0 Same [EMU O.OOlOOO] 

-- - 

495.0 to  505.0 Hz 
I 500.0 Hz 500.0 Same [EMU 0.002500] 

990 to 1010 Hz 
I 1000 Hz 1000 Same [EMU 0.005000] 

-___- - - 

1980 t o  2020 Hz 
I 2000 Hz 2000 Same [EMU 0.010000] 

CH HR 49.50 t o  50.50 HZ 
FI equency 50.00 Hz 50.00 Same 
Sine Wave [EMU 0.000250] -- 

99.0 to  101.0 Hz 
I 100.0 Hz  100.0 Same [EMU 0.000500] 

--- 

198.0 t o  202.0 Hz 
1 200.0 Nz 200.0 Same [EMU 0.001000] 

495.0 t o  505.0 Hz 
I 500.0 Hz 500.0 Same [EMU 0.002500] 

- 

990 t o  1010 Hz 
I 1000 Hz 1000 Same [EMU 0.005000] 

-- 

1980 t o  2020 Hz  
1 2000 Hz 2000 Same [EMU 0.010000] 

CH V 49.50 t o  50.50 Hz 
Frequency 50.00 Hz 50.00 Same 
Slne Wave PMU 0.000250] 

---- 

99.0 t o  101.0 Hz 
I 100.0 Hz 100.0 Same [EMU 0.000500] 

- -- -- 

198.0 t o  202.0 Hz 
I 200.0 Hz 200.0 Same [EMU 0.001000] 

495.0 t o  505.0 Hz 
I 500.0 Hz 500.0 Same [EMU 0.0025001 

Remarlcs: 

M!~r/Cntr CPM: I'errion 21.1 (Pro~crsionnlj 

Src DUI: [9548AF3D-C74D-4C9F.AEEF-2IEFS6OBC451) (c) 

Doc DUJ; ( ~ E ~ O F ~ ~ E - ~ C ~ F - ~ ~ S O - ~ I C B - I ~ O ~ A ~ ~ E ~ ~ I C I )  (0) 

ATTACHMENT 2 
Page 1 of 2 

Customer 



Earth Mechanics Inc. Project Number 06-1 23 

I 
MudCnls CPM: Versrorr 2.2.2 (Pro/cirio!~n/) ATTACHMENT 2 Customer 
Sr DUI: /9548/IF3D-C74D-4C9FF/1EEF-21EF560BC45 (c) 

Doc DUl: (,1BlOI;47E-4CSF-46S0-91CB-A05A72E361Cl) (0) Page 2 of 2 
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' Earth Mechanics Inc Project ~urnd~h6-12Q " ' 
[62202-7 

SUSPENSION PS SEISMIC LOGGEWRECORDER CALIBWTION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

OYO Model no.: 
160023 Calibration date: 
Craig Branson Due date: 

Counter mfg.: Hewlett-Packard Model no.: 5335A 
Serial no.: 2626A09881 Calibration date: 1/29/2009 
By: SCE #S1-01252 Due date: 7/29/2009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: SCE #S1-01347 Due date: 1 1 1412009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 

I OKHz 
See sample period in table below 

Delay: 0 
Stack (1 std) 1 
System date = correct date and time 711 712009 / o r ?  
PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*l 00)% As found -0. ,I.,( As left -0. I I -[ 

Calibrated by: 

Witnessed by: 

Average 
Frequency 

V (Hz) 
50,oS 
/Qo,o 
Z ~ 0 . o  
s00.0 
9 9 g . c j  
- 0 0  

Craig Branson 711 712009 
Name Date / Signature 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 -- 
500.0 
1000 
2000 

Robert Steller 711 712009 
Name Date Sianature . . -. . . . - ., 

Suspension PS Seismic RecorderILogger Calibration Data Form Rev 2.0 July 21, 2008 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Time for 
9 cycles 

Hn (msec) 
l ~ 0 , o O  

9900 
45.00 
/ ~ . o o  
Q.QOO 

4.500 

Time for 
9 cycles 

Hr (msec) 
180.00 
90.00 
4 5 ,  d o  

/ti.@ 
9.000 
Lf.Joo 

Average 
Frequency 

Hn (Hz) 
50.00 

/ o P . O  

Z o b . ~  ------- 
500.0 
0 0  

206o 

Sample 
Period 

(micros) 
200 
100 
50 
2 0 
10 
5 

Average 
Frequency 

Hr (Hz) 
To.00 

/oo.o 
ZOO. o 
500.0 
loo0 

2660  

File 
Name 

401 
402 
403 
404 
405 
406 

Time for 
9 cycles 
V (msec) 
I d o . 0 0  

40.00 
45-00 
/8.00 

9 .  0 1 0  
4, go0 



Earth Mechanics Inc 

SON ES "' Calibration Report 

M etrd~lagy 
7390 Fenwick Lane 
M~eslii~inster, CA 92683 

GEOVision Geophysical Services 
1124 Olympic Drive 

Corona, CA 92881-3390 

Project Number 06-1 23 
Page 1 of 4 

I IIUlll~illiitiii"irihl llllllll 
573795 

roll 1;rec: 866-723-2257 
Lab Code: 105014-0 

Manufacturer: oyo  
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160024 
Serial Number: 160024 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

Ambient Temoerature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 
Calibration Due Date: 07/17/2010 
Calibration Interval: f2  Months 

Remarlcs: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by  Metrology Engineering and documented 
i n  SCE Document M013987. The data can be found on 2 and 3 o f  this report with the original observation data b n  page4. 

Standards Utilized - - - -- - 

1-~anyfacturer - l ~ o d 6 l N o . - . : ' -  - - '-+-l~escription ' I .  

- .. 
I.D. No. - - - I Cal. Date ( Pue-Date 
S1-01252 1 Hewlett Packard 1 5 3 3 5 ~  OPT 010,203040 I Counter, Universal 1 01/29/2009 107/29/2009 

S1-01347 1 Hewlett Packard 13325A I Generator, Function, Synthesizer 1 05/04/2009 1 11/04/2009 

(51-03686 - 1 Fluke 1910 I Standard, Frequency, Controlled, Gps 1 01/24/2009 1 01/24/2010 1 

Metrologist 714-895-0714 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab 
code 105014-0. and in comoliance with ISOllEC 17025:2005, ANSllNCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the uncertapp&ted i&the e x  anded uncertainty of the measurement, where k=2. 

= ,<inn ~nnr t  k 7 5 - 0 1  rev a Paoe 69 of 72 November 11 2009 



Earth Mechanics Inc. Project Number 06-123 

hftrrlCflts CPM: I'mrio,t 2.2.2 (ProJmslorrolJ 

Src DUI: /9S4BAF3D-C7JD-4C9F-ABEI;-ZIEFS60BCJ51) (5) 
Doc DUI: 11169COtl2-3Al3-416A-8IBI;-JOPD9887DDDA) (0) 

Test No. 

ATTACHMENT 2 
Page 1 of 2 

573795 

Customer 

GFOVisinn Rpnnrt 9375-01 rev a Paae 70 of 72 

Custom Specification Report 

November 11. 2009 

Page 2 of 4 

CALIBRATION 
TOLERANCE 

49.50 to 50.50 HZ 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

-- - 

198.0 to 202.0 Hz 
[EMU O.OOlOOO] 

495.0 to 505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000J 

1980 to 2020 Hz 
[EMU 0.010000] 

49.50 to 50.50 HZ 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

198.0 to 202.0 Hz 
[EMU 0.001000] 

-- 

495.0 to  505.0 Hz 
[EMU 0.0025001 

990 to 1010 Hz 
[EMU 0.005000] 

1980 to  2020 Hz 
[EMU 0.010000] 

-- 

49.50 t o  50.50 HZ 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

- 

198.0 t o  202.0 Hz 
[EMCU 0.001000] 

- 

495.0 t o  505.0 Hz 
[EMU 0.0025001 

Out 
of 

To1 

_ _ _ _ _ _ _ _ _ -  

Telemetry, 

ASLEFT 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Unit, Suspension 

AS FOUND 

50.00 

100.0 

200.2 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

1001 

2000 

50.00 

100.0 

200.0 

500.0 

Oyo 3403 

VALUE 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 HZ 

100.0 Hz 

200.0 Hz 

500.0 Hz 

Asset No. 

STEP 
NUM 

- 

- 

- 

- 

Remarks: 

160024 

FUNCTION 
TESTED 

CH HN 
Flequency 
Sine Wave 

I 

I 

I 

I 

I 

CH HR 
FI equency 
Slne Wave 

I 

I 
---- 

I 

I 

I 

CH V 
FI equency 
Sine Wave 

I 

I 

1 



Earth Mechanics Inc. Project Number 06-123 

MrrdCnls CPhl: I'e,do,l 2.7.2 (Projcrio!lo/) 

Src DUI: (9548A1;3D-C7JD-4C9I;-iIEEF-2IEF560BC45I] (c) 
Doc DUI: f1269COB1-3A13-416A-8IBFF409D9887DDDd] (o) 

ATTACHMENT 2 
Page 2 of 2 

CFn\licinn Rnnnrt 0976-nq rmu 2 P a n m  71 n f  77 

Customer 



Earth Mechanics Inc. 

SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

Counter mfg.: 
Serial no.: 
By: 

OYO Model no.: 
160024 Calibration date: 
Craig Branson Due date: 

Hewlett-Packard Model no.: 
2626A09881 Calibration date: 
SCE #S1-01252 Due date: 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: SCE #S1-01347 Due date: 11/4/2009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 

10KHz 
See sample period in table below 

Delay: 0 
Stack ( I  std) 1 
System date = correct date and time 711 712009 /037 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*100)% As found 

Calibrated by: Craig Branson 711 712009 
Name Date V~ignature 

Witnessed by: 

I Suspension PS Seismic RecorderILogger Calibration Data Form Rev 2.0 July 21,2008 

Average 
Frequency 

Hn (Hz) 
y0.00 

/ O R 0  
200.2- 

500.0 
/ Q U O  

Lao0 

Average 
Frequency 

V (Hz) 
50. 00 
/ W . O  
Z e Q . 0  

t30. o 

00 o 
/ Z O D o  

Time for 
9 cycles 

Hr (msec) 
180.00 
q g o o  
q5.00 
(8.00 
,990 

5.5Do 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Sample 
Period 

(micros) 
200 
100 
50 
20 
10 
5 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Average 
Frequency 

Hr (Hz) 
50.60 
/oo.o 
LOQ.0 

gm.0 
1 g o /  
r D Q 0  

Time for 
9 cycles 
V (msec) 
/a@. o ~ a  
90.00 
45.00 
18.00 

00 Q 

94:500 

File 
Name 

501 
502 
503 
504 
505 
506 

Time for 
9 cycles 

Hn (msec) 
Iqo.oo 

90.00 
YY,SF 
f 8.00 
7.000 

Y, 500 



Appendix E. Laboratory Soil Test Results 



Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) ( P C ~  

R-09-029 D-02 10 41.6 76.8 

R-09-029 D-04 20 43.9 76.7 

R-09-029 D-08 40 29.3 92.4 

R-09-029 D-10 50 32.1 90.3 

R-09-029 S-I I 55 37.2 N A 

R-09-029 D-14 70 19.7 102.8 

R-09-029 S-I 7 85 30.7 N A 

R-09-029 S-2 1 125 16.5 NA 

R-09-029 S-24 160 27.8 N A 

MOlSTURE AND DENSITY TEST RESULTS 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-029 U-05 2 5 1.25 

R-09-029 U-07 35 1.63 

R-09-029 U-I 2 6 0 3.13 

POCKET PENEmOMIETER DATA 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) 

R-09-029 S-03 15 50.05 
R-09-029 D-06 3 0 46.1 8 
R-09-029 S-13 65 36.93 
R-09-029 S-15 75 8.01 

PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 
- -- - -- 



AP Engineering & Testing, tnc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 12/28/09 

Project Name: ACTA Heim Bridge Replacement Computed by: KM Date: 12/31/09 

Project No.: 06-1 23-03 Checked by: AP Date: 12/31/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

0 
z - 
[I) 
[I) 

2 

10 1 0.1 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

O R-09-029 U-05 25 0.00 9.13 90.87 NIP ML 

R-09-029 U-07 35 0.00 41.03 58.97 N IA ML 

n R-09-029 D-10 50 0.00 21.98 78.02 NIP ML 



AP Engineering 23 Testing, Inc. 

GFPAlN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 12/28/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 12/31/09 
Checked by: AP Date: 12/31/09 

GRAVEL SAND SILT OR CLAY 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines LL:PL:PI ASTM 

(feet) D 2487 

0 R-09-029 U-12 60 0.00 12.36 87.64 27:22:5 ML 

R-09-029 S-17 85 0.00 31.14 68.86 NIA ML 

A R-09-029 S-21 125 18.02 68.46 13.52 N/A SM 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 
I 

AP Engineering & Testing, Inc. 

GRAIN SIZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/28/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 12/31/09 

Checked by: AP Date: 12/31/09 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SIZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

O R-09-029 S-24 160 5.00 77.08 17.92 NIA SM 



AP Engineering & Tesiing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 1211 8/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/31/09 

50 

- - 
n - 40 
X 
W 
n 
Z 

30 - s ; 20 
n 

10 

0 
0 10 20 30 40 50 60 70 80 90 100 

LIQUID LIMIT (LL) 

PROCEDURE USED 
45 

Wet Preparation 
40 

+ 
Dry Preparation - c a, 

s 
6 35 

ProcedureA %- 0 
2, 

Multipoint Test 
.- 
ul .- 
p 30 

Procedure B 
One-point Test 25 

10 25 100 
Number of Blows 

* NP denotes "non-plastic" 

+ 
Boring 
Number 

R-09-029 

R-09-029 

Sample 
Number 

D-04 

U-05 

Depth 
(feet) 

20 

25 

LL 

36 

NP 

P L 

28 

NP 

PI 

8 

NP 

U.S.C.S 
Symbol 

ML 



AP Engineering W Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 1211 8/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/31 I09 

LIQUID LIMIT (LL) 

PROCEDURE USED 
50 

C 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

R-09-029 U-07 35 NP NP NP 

R-09-029 D-10 50 NP N P NP 



AP Engineering 8( Tesfing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 1211 8/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/31 109 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL PL PI U.S.C.S 

Number Number (feet) Symbol 

O R-09-029 S-1 I 55 34 25 9 ML 

A R-09-029 U-12 60 27 22 5 ML 



SPECIFIC GRAVIW 
ASTM 0854 

APNumber: 29-1121 

Client: Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement Data Input By: KM 

Project No. : 06-123-03 

SOIL CLASSIFICATION 

CORRECTION FACTOR 

WT. DRY SOIL, g 

WT. FLASK + WATER, g 

% RETAINED #4 

% PASSING #4 

MATERIAL EXCLUDED 



AP Engineering W Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1211 8/09 

Boring No.: R-09-029 Date: 12/28/09 

Sample No.: D-06 Depth (ft): 3 0 

Description: Gray Sandy Silt 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Regular Shearing Shear Rate (inlmin): 0.005 

Residual Shearing 5 Passes Shear Distance (in): 0.3 

Remarks Max. Shear 

Reading (psf) 

1944 

2948 

3840 

Normal Load 

(ksf) 

2.2 

4.0 

6.0 

Ultimate Shear 

Reading (psf) 

1560 

2581 

3648 

Ring Wt. 

43.35 

43.19 

43.89 

Sample 

' Number 

1 

2 

3 

Sample + 

Ring Wt. 

192.04 

190.15 

187.81 



AP Engineering & Testing, lnc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3880 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 31.7 % 
Moisture Content (after): 

Sample Type: Cal. Mod. 
Soil Description: Gray Sandy Silt 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters Peak Ultimate 



AP Engineering & Testing, fnc. 

UNCONSOLIDATED UNDRAINED TRlAXlAL TEST (UU,Q) 
ASTM D 2850 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

Boring No.: R-09-029 

Sample No.: U-05 Depth (feet): 25 

Soil Description Gray Silt 

Sample Diameter (inch): 2.875 

Sample Hieght (inch): 6.0 

Sample Weight (gms): 11 90.00 

Wt. Wet Soil+Container(gms) 1339.05 

Wt. Dry Soil+Container(gms) 1000.29 

Wt. Container (gms) 149.61 

Tested By: KK Date: 12/04/09 

Checked by: AP Date: 1213 1/09 

Sample Type: Shelby 

Wet Unit Weight (pcf): 

Dry Unit Weight (pcf): 

Moisture Content (%): 

Void Ratio for Gs=2.7: 

% Saturation: 

TEST DATA 
Deviator Axial 

Cell Pressure (ksf): 1.30 Load Def. Area Stress Strain 

Back Pressure (ksf): 0.0 (Ibs) (inch) (sq.in) (ksf) (%I 
Eff. Confining Pressure (ksf): 1.30 0 0.000 6.49 0.00 0.00 

Shear Rate (%/min): 0.3 8 0.005 6.50 0.1 8 0.08 

Maximum Deviator Stress (ksf): 1.6 10 0.010 6.50 0.22 0.17 

Ultimate Deviator Stress (ksf): 1.6 12 0.020 6.51 0.27 0.33 

Ultimate Undrained Shear Strength (ksf): 0.8 14 0.025 6.52 0.31 0.42 
I 

Axial Strain @ Maximum Stress (%) 16.67 

1.8 

1.6 

1.4 

c 1 . 2  
ffl z 
$ 1 0  E ' 

;j 
b 0.8 
CI m .- 
5 

0.6 

0.4 

0.2 

0.0 
0 5 10 15 20 

Axial Strain (%) 



AP Engineering & Testing, inc. 

UNCONSOLIDATED UNDRAINED TRlAXlAL TEST (UU,Q) 
ASTM D 2850 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-07 Depth (feet): 35 

Soil Description Gray Sandy Silt 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch): Dry Unit Weight (pcf): 

Sample Weight (gms): 1255.86 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 1361.96 Void Ratio for Gs=2.7: 

Wt. Dry Soil+Container(gms) 1057.14 % Saturation: 

Wt. Container (gms) 105.05 

Back Pressure (ksf): 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf): 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 

Axial Strain (%) 



AP Engineering & Testing, lnc. 

UNCONSOLIDATED UNDRAINED TRIAXIAL TEST (UU,Q) 
ASTM D 2850 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-12 Depth (feet): 60 

Soil Description Gray Silt with sand 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch): Dry Unit Weight (pcf): 

Sample Weight (gms): 1305.57 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 1505.68 Void Ratio for Gs=2.7: 
% Saturation: 

Back Pressure (ksf): 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf): 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 

Axial Strain (%) 



SUMMARY OF LABOMTOW TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement 

PROJECT NO.: 06-123-03 

DATE: 11/23/2009 

EGL JOB NO. : 09-230-008 

CLIENT: Earth Mechanics, Inc 

SUMMARIZED BY: JT 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1 1/30/2009 Summarized By: RJ 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1211 12009 SUMMARIZED BY: JT 



I 
COARSE I FINE ICOARS 1 MEDIUM I FINE 

I1 S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

SILT OR CLAY GRAVEL 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

SAND 

SYMBOL 

17 

. . . . . . . . .  
ENVl RON M ENTAL 

GEOTECHNOLOGY - LABOFWTORY 

BORING 
No. 

R-09-031 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanic, Inc. 
Job No: 06-123-03 

EGL Project No: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FIGURf. 

SAMPLE 
No. 

U-I I 

DEPTH 
(FT) 

55 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

CL 

LIQUID 
LIMIT 

45 

PLASTICITY 
INDEX 

23 



SILT OR CLAY 

I1 S STANDARD SIEVE OPENING U.S. STANDARD S I N E  NUMBER HYDROMETER 

10 1 0.1 

GRAIN SlZE (mm) 

~ E G L  Project No: 09-230-008 

GRAIN SlZE 

SYMBOL 

[I1 

EN V 1 RON M EN TAL 
",'::; , , ..' .. $4~ GEOTECHNOLOGY ....... ."..". - LABORATORY 

DISTRIBUTION CURVE 
1 1/29/09 (ASTM D422) FIGURE 

SOIL 
TYPE 

SP-SM 

Project Name: 
ACTA Heirn Bridge Replacement 

Client Job No.: 06-723-03 

Client Name: Earth Mechanics, Inc. 

BORING NO 

R-09-031 

LIQUID 
LIMIT 

NIA 

SAMPLE NO 

D-16 

PLASTIC 
INDEX 

N/A 

DEPTH 

(FT) 

80 

SAMPLE 
TYPE 

Ring 



SYMBOL BORING NO SAMPLE NO 
DEPTH SAMPLE SOIL LIQUID PLASTIC 

(FT) TYPE TYPE LIMIT INDEX 

R-09-031 S-19 110 Bag SM NIA NIA 



I I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

10 1 0.1 

GRAIN SIZE (rnm) 

PLASTIC 
INDEX 

N/A 

. . , . . . . . . . ;.r . . . . . . .... &:;;:;::, ENVIRONMENTAL :I,.,.-- "'"" 
: .......... :, ,,,.,. 
L . : : ~ ~  .- GEOTECHNOLOGY 

?:::.&-";' - LAB0 RAT0 RY 

Project Name: 
ACTA Heim Bridge Replacement 

client Job No.: 06-123-03 
Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008 

SOIL 
TYPE 

SW-SM 

SAMPLE 
TYPE 

Bag 

GRAIN SlZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FIGURE 

LIQUID 
LIMIT 

N/A 

SYMBOL SAMPLE NO 

S-22 

BORING NO 

R-09-031 

DEPTH 
(FT) 

140 



AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

j GEOTECHNOLOGY 

LABORATORY Earth Mechanics, Inc. 







0 I000 2000 3000 4000 5000 6000 

NORMAL PRESSURE (PSF) 

Normal Initial Final 
Stress Moisture Moisture 

( P S ~  ("/.) ("/.I 

Project Name: 

Cohesion 
(PSF) 
240 
25 

Friction 
Angle 

33 
31 

Soil Type 

SM 

Boring No.: 

R-09-031 

Symbol 

0 

u 

Depth (ft) 

30 

Sample 
No. 

D-06 

........ ............ 
. ......... ........... , ... - . - ..... ......... - .. ... - - . . . . .  -. ............. " ....... ...-.. 
?.*.... -4 

Sample 

Type 

Ring 

4000 24.9 28.0 
6000 24.9 27.4 

ENVIRONMENTAL 

GEOTECHNOLOGY 

LABORATORY 

DIRECT SHEAR 
12/09 (ASTM 03080) Figure 

ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-1 23-03 

EGL Project No: 09-230-008 



1000 2000 3000 4000 5000 6000 7000 8000 

NORMAL PRESSURE (PSF) 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (Yo) 

4000 26.8 32.0 
6000 26.8 31.5 
8000 26.8 30.9 

Boring No.: 

R-09-031 

Project Name: 
. . . . . .  

ENVIRONMENTAL ACTA Heim Bridge Replacement 

Project No: 06-1 23-03 

DIRECT SHEAR 
12/09 (ASTM 03080) Figure 

No. 

D-16 

Depth (ft) 

80 

Soil Type 

SP-SM 

Sample 
Type, 

Ring 

Symbol 

0 

a 

Cohesion 
(PSF) 
41 8 
130 

Friction 
Angle 

3 3 
29 



SUMMARY OF LABOMTORY PEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc 

DATE: 11/23/2009 SUMMARIZED BY: JT 

*LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: 

PROJECT NO.: 

DATE: 

ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008 

06-1 23-03 CLIENT: Earth Mechanics, Inc. 

11/30/2009 Summarized By: RJ 



GRAVEL SAND SILT OR CLAY 
COARSE I FINE ICOARS~ MEDIUM I FINE 

100 10 1 0.1 

GRAIN SIZE (rnrn) 

~ E G L  project NO: 09-230-008 

GRAINSIZE 

PLASTICITY 
INDEX 

2 9 

. . . . . . . . . 
ENVIRONMENTAL 

GEOTECHNOLOGY 
,, LABORATORY 

DISTRIBUTION CURVE 
1 1/29/09 (ASTM D422) FIGURE 

LIQUID 
LIMIT 

55 

Project Name: 
ACTA Heirn Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job No: 06-1 23-03 

SOIL 
TYPE 

CH 

SAMPLE 
TYPE 

BAG 

DEPTH 

(FT) 

15 

SAMPLE 
No. 

S-03 

SYMBOL 
BORING 

No. 

R-09-032 



GRAVEL 

SYMBOL 

C1 

SAND SILT OR CLAY 

BORING 
No. 

R-09-032 

COARSE I FINE ICOARS I MEDIUM I FINE 

II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1-'/2" 3/," 3/8,, #4 #I0 #20 #40 #I 00 #ZOO 

I- 
I 
2 

iz 
cc 
w 
z 
u + 
z 
LU 
0 
K 
W 
a 

, . . . . . . . . 
100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

.... . .... 
ENVl RON MENTAL 

GEOTECHNOLOGY - LABORATORY 

SAMPLE 
No. 

D-10 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanic, Inc. 
Job No: 06-1 23-03 
EGL Project No: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FIGURE 

DEPTH 
(FT) 

50 

SAMPLE 
TYPE 

RING 

SOIL 
TYPE 

C L 

LIQUID 
LIMIT 

40 

PLASTICITY 
INDEX 

18 



I I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

#4 #I0  #20 #40 #60 #I00 #200 

LL 
F 
Z 
W 

40 

0 
E 
W 
a 30 

20 

10 

0 

100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

SYMBOL 

. . . . . . . . . 
..:F"' : :  ENVIRONMENTAL ; ,.,.,..* """' -...... : .:L&; .....-.... ;, ,.,... - ....... .... - GEOTECHNOLOGY 
t7..7A-&r - LAB0 RAT0 RY 

Project Name: 
ACTA Heirn Bridge Replacement 

Client Job NO.: 06-123-03 

Client Name: Earth Mechanics, Inc. 

EGL Project No: 09-230-008 

BORING NO 

R-09-032 

GRAIN SlZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FIGURE 

SAMPLE 
TYPE 

Bag 

SAMPLE NO 

S-20 

PLASTIC 
INDEX 

N/A 

SOIL 
TYPE 

SP-SM 

DEPTH 

(FT) 

120 

LIQUID 
LIMIT 

NIA 



\ I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER 

#4 # I 0  #20 #40 #60 #I00 #200 

u 
t- 
Z 
W 

40 
0 
fL 
W 
a 30 

20 

10 

0 
100 10 I 0.1 0.01 

GRAIN SlZE (mm) 

SYMBOL 

0 

......... .- .... *.:., ............ ...... ENVIRONMENTAL ..... ....... 
: ........ 2: , ...... GEOTECHNOLOGY - (..... ."I..:' - LABORATORY 

Project Name: 
ACTA Heirn Bridge Replacement 

Client Job No.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 0 9-230-008 

BORING NO 

R-09-032 

GRAIN SlZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FlGU RE 

SAMPLE NO 

5-23 

DEPTH 
(FT) 

150 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

SW-SM 

LIQUID 
LIMIT 

NIA 

PLASTIC 
INDEX 

NIA 



0 1000 2000 3000 4000 5000 

NORMAL PRESSURE (PSF) 

Normal Initial Final 
Stress Moisture Moisture 

(psf) (%I (Yo) 

1000 29.6 36.8 
2000 29.6 36.0 
4000 29.6 35. I 

Friction 
Angle 

29 
3 0 

Project Name: 

Cohesion 
(PSF) 
150 
90 

I EGL Project No: 09-230-008 

DIRECT SHEAR 

Soil Type 

SM 

Sample 
Type 

Ring 

Boring No.: 

R-09-032 

..... . . .  ............ 
. ........... ............ .. -. . * ...... 
KG. :.-::: "..... *. ...-.. - t..... - 

* '  

11 2109 (ASTM D3080) ~ i ~ u r e  1 

Symbol 

0 

n 

Sample 
No. 

D-02 

ENVIRONMENTAL 

GEOTECHNOLOGY 

LABORATORY 

Depth (ft) 

10 

ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-123-03 



NORMAL PRESSURE (PSF) 

Normal Initial Final 
Stress Moisture Moisture 
(psf) ("/.I (%) 

Boring No.: 

R - 0 9 - 0 3 2  

I EGL Project No: 09-230-008 

DEIWECT SHEAR 

Sample 
No. 

D-06 

. . . . . . .  ............ 

11 2 / 0 9  (ASTM D3080) ~ i ~ u r e l  

Depth (ft) 

30 

ENVIRONMENTAL 

GEOTECHNOLOGY 

LABORATORY 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-123-03 

TY pe 

Ring 

Soil T y p e  

SM 

Symbol 

0 

o 

Cohesion 
(PSF) 
284 
196 

Friction 
A n g l e  

33 
3 0 



Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) ( P ~ Q  

R-09-034 D-04 2 0 24.1 98.5 

R-09-034 S-05 2 5 26.6 NA 

R-09-034 S-07 35 33.5 NA 

R-09-034 D-12 6 0 26.7 117.8 

R-09-034 S-13 65 26.6 N A 

R-09-034 D-I 6 80 21.1 98.3 

R-09-034 S-18 100 34.9 NA 

R-09-034 S-20 120 13.3 N A 

R-09-034 5-22 150 14.6 NA 

MOISTURE AND DENSIW Y B T  RESULTS 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-034 D-02 10 0.31 

R-09-034 U-03 16 1.38 

R-09-034 D-12 6 0 2.96 

POCKET PENETROMETER DATA 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-123-03 



PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 

Boring Sample Sample Percent Fines 
No. No. Depth (ft) (%) 

R-09-034 S-05 25 45.21 
R-09-034 D-06 3 0 5.96 
R-09-034 S-07 35 41.20 
R-09-034 D-10 5 0 42.1 5 
R-09-034 D-12 6 0 58.30 
R-09-034 S-15 75 13.73 



AP Engineering & Testing, inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 1 / I  9/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 
Checked by: AP Date: 12/01/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE SOARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

O R-09-034 U-03 16 0.00 21.36 78.64 NIP ML 

R-09-034 5-1 8 100 9.40 77.23 13.37 NIA SM 

A R-09-034 S-22 150 36.20 51.38 12.42 NIA SM 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/01/09 

50 

- - 
a 40 
3 
0 
Z - g- 30 - u 
F 
0 $ 20 
a 

10 

0 
0 10 20 30 40 50 60 70 80 90 100 

LIQUID LIMIT (LL) 

PROCEDURE USED 
70 

Wet Preparation 
65 

I 

Dry Preparation I c a, 
C 

8 60 
ProcedureA 2 

3 
I 

Multipoint Test .- U) q 55 

[7 ProcedureB 
One-point Test 50 

10 25 100 

Number of Blows 

* NP denotes "non-plastic" 

I I I 
I I I l l  
I I I l l  

U.S.C.S 
Symbol 

CH 

LL 

62 

NP 

Depth 
(feet) 

10 

16 

Symbol 

+ 

PL 

2 9 

N P 

Boring 
Number 

R-09-034 

R-09-034 

PI 

33 

NP 

Sample 
Number 

D-02 

U-03 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM B 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/01/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

R-09-034 S-07 35 N P NP NP 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 01/06/10 
Project No.: 06-1 23-03 Checked By: AP Date: 01/08/10 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

R-09-034 0-1 2 60 NP NP NP 



SPECIFIC GRAVITY 
ASTM D854 

AP Number: 29-1 121 

Client: Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement Data Input By: KM 

Project No. : 06-123-03 

SOIL CLASSIFICATION 



CORROSION TEST RESULTS 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 41 7 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 



AP Engineering & Tesiing, lnc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 111 9/09 

Boring No.: R-09-034 Date: 12/01/09 

Sample No.: D-06 Depth (ft): 30 

Description: Gray Poorly-Graded Sand wlsilt 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear 

(ksf) Reading (psf) Reading (psf) 

196.74 47.59 

195.15 46.05 



AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 24.3 % 
Moisture Content (after): 

Sample Type: Cal. Mod. 
Soil Description: Gray Poorly-Graded Sand wlsilt 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters Peak Ultimate 

Cohesion (ps9: 



AP Engineering 2% Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 1 / I  9/09 

Boring No.: R-09-034 Date: 12/01/09 

Sample No.: D-08 Depth (ft): 40 

Description: Gray Silty Sand 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks 

Number Ring Wt. (ksf) Reading (psf) Reading (psf) 

I 192.96 43.62 2.0 1392 1236 

2 193.96 46.65 4.0 2868 2448 

3 189.31 43.66 8.0 51 84 4800 



AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 30.2 % 
Moisture Content (after): 

Sample Type: Cal. Mod. 
Soil Description: Gray Silty Sand 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters Peak Ultimate 



AP Engineering & Tesfing, inc. 

UNCONSOLIDATED UNDMINED TRlAXlAL TEST (UU,Q) 
ASTM D 2850 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-03 Depth (feet): 16 

Soil Description Gray Silt with sand 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch): Dry Unit Weight (pcf): 

Sample Weight (gms): 1182.02 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 1373.35 Void Ratio for Gs=2.7: 

Wt. Dry Soil+Container(gms) 1071.47 % Saturation: 

Wt. Container (grns) 194.37 

Back Pressure (ksf): 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf): 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 

Axial Strain (%) 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement 

PROJECT NO.: 06-123-03 

DATE: 11/23/2009 

EGL JOB NO. : 09-230-008 

CLIENT: Earth Mechanics, Inc 

SUMMARIZED BY: JT 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1 1 /30/2009 Summarized By: RJ 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/1/2009 SUMMARIZED BY: JT 



GRAVEL 

SYMBOL 

SAND SILT OR CLAY 

BORING 
No. 

R-09-035 

COARSE I FINE ICOARS I MEDIUM 1 FINE 

1l.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 
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Ix w 
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GRAIN SIZE (rnm) 

. . . . . . . . . . - 
. ~ :  ENV~RON MENTAL ....- -m- ::::::. ,...*. :-.; , . . . . . . 

GEOTECHNOLOGY 
t : ~ z ~ y  LAB0 RATORY 

SAMPLE 
No. 

U-03 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job NO: 06-1 23-03 
EGL Project No: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1129109 (ASTM D422) FIGURE 

DEPTH 

(FT) 

15 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

ML 

LIQUID 
LIMIT 

28 

PLASTICITY 
INDEX 

5 



l1.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER I 

BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY 
SYMBOL 

No. No. (FT) TYPE TYPE LIMIT INDEX 

R-09-035 U-10 50 NP NIA Shelby 
ML 

Tube 

SILT OR CLAY GRAVEL 

/project Name: 

SAND 
COARSE I FINE ICOARS~ MEDIUM I FINE 

I E G L  Project No: 09-230-008 
GRAINSIZE 

. . . . . . . . .  
,.,. ;r3.::::.:.. ......... .... , ....... ENVIRONMENTAL .... 

GEOTECHNOLOGY 
,, LABORATORY 

DISTRIBUTION CURVE 
1 1/29/09 (ASTM D422) FIGURE 

ACTA Heim Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job NO: 06-1 23-03 



AXIAL STRAIN (%) 

Earth Mechanics, inc. 

(ASTM D2850) 





(I) 
cn 
uj 
or: 

5i t-- 
(I) 



AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

Earth Mechanics, Inc. 
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Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 10.2 in

Min= -14 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 5 - FP

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 16.9 in/s

Min= -19.3 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.4 g

Min= -0.51 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 
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Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
 
DATE: February 2, 2010 EMI PROJECT NO: 06-123-03 
 

PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  

COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  

PREPARED BY: Arul K. Arulmoli, Eric Brown & Patrick Wilson / Earth Mechanics, Inc. 
 

SUBJECT: ACTA Schuyler Heim Bridge (Replace) 
 Los Angeles and Long Beach, CA 
 Bent Foundation Lateral Pile Analysis (p-y Curve Comparison) 
 
 
Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge (Replace) and associated ramp structures (New Dock Street On-Ramp, New Dock Street 
Off-Ramp, State Route-103 On-Ramp and State Route-103 Off-Ramp) in the cities of Los 
Angeles and Long Beach, California.  

This memorandum summarizes the results of our lateral pile analysis following completion of 
the recent field investigation and laboratory testing program and is intended to verify that p-y 
curves developed during the preliminary design phase are suitable and conservative for use in 
final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California. The bridge is located on SR-47 and spans the Cerritos Channel generally 
between Pier A Way on the north side and W. Ocean Boulevard on the south side.

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge and the new alignment shifts east along the existing alignment. The 
proposed fixed bridge will have an elevated profile to provide a vertical clearance of about 47 
feet over a mean high water level (MHWL) of +4.7 feet in the Cerritos Channel and maintain a 
navigable channel width of 180 feet. The proposed bridge will also include southbound exit 
ramps and northbound entrance ramps at New Dock Street and State Route (SR) 103. 
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The typical bridge bent will have either multiple columns (mainline) or single columns (ramp 
structures) supported on Type II cast-in-drilled-hole (CIDH) piles. South of Cerritos Channel, the 
CIDH piles are 10 ft diameter while the spans across Cerritos Channel and north of Cerritos 
Channel are supported on 11 to 12 ft diameter CIDH piles. The abutments for the mainline and 
the ramp structures are expected to be supported on 2.5-foot diameter CIDH piles; however the 
subject memorandum only pertains to the bent pile analysis. 

Project Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by EMI (EMI, 
2006) based upon existing subsurface information available at the time and was intended to be 
used for bridge type selection and preliminary design. The PFR included a general description of 
the subsurface conditions including eight idealized soil profiles along the proposed structure 
alignment with each idealized soil profile typically spanning across multiple bents. The idealized 
soil profile was used by EMI to develop pile lengths for cost estimating purposes based upon 
preliminary design loads provided by the designers. Each idealized soil profile included 
stratigraphy and idealized soil strength parameters (unit weight, friction angle and undrained 
shear strength) including post-liquefaction “residual” shear strengths for the layers identified as 
being potentially liquefiable based on a liquefaction analysis performed on the existing soil 
borings.  

It is our understanding that following approval of bridge type selection, design soil springs (p-y 
curves) were generated by Caltrans using the idealized soil profiles provided in the PFR (EMI, 
2006). The preliminary p-y curves were intended to be used during the initial stages of design 
until a project specific geotechnical field investigation was conducted and the bridge foundation 
report was prepared. A set of p-y curves was generated at each bent of the mainline and ramp 
structures for a single 10-ft diameter CIDH pile and included reduced soil strengths for the layers 
identified in the PFR as potentially liquefiable. Since the project specific geotechnical field 
investigation could not be initiated until late during the project timeline, the preliminary p-y 
curves were used by the Caltrans bridge designers in final design. Based upon our conversations 
with the bridge designers, the only modifications that were made to the preliminary p-y curves 
was the application of a p-multiplier of 1.2 to curves where the CIDH pile diameter was 
increased to 12 ft.  

In September 2009, EMI was requested by the Alameda Corridor Transportation Agency 
(ACTA) to perform the project-specific geotechnical field investigation which when completed 
consisted of 42 rotary wash borings, 33 cone penetration test (CPT) soundings and 8 hollow-
stem auger borings along the proposed bridge and ramp alignment; including at least one boring 
performed near each support of the proposed structure. After completion of the geotechnical field 
investigation and laboratory testing program, a complete liquefaction analysis was conducted 
using the new boring information and the idealized soil profile along the proposed bridge 
alignment was revised.  

Because the geotechnical field investigation was not able to be initiated until late during the 
project timeline, re-analyzing the structure based upon p-y curves generated using the updated 
soil profile was not feasible given project deadlines. Therefore, EMI performed a set of lateral 
pile analyses at selected bent locations representing the entire bridge alignment to compare the 
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preliminary p-y curves (referred to as Design Curves in this memorandum) generated from the 
idealized soil profiles in the PFR to the p-y curves developed using the updated soil profile 
(referred to as Revised Profile Curves in this memorandum) to verify that the preliminary curves 
are suitable and conservative for use in final design.  

Method of Analysis 

As described above, the Design Curves were generated from eight different soil profiles provided 
in the PFR (EMI, 2006). For comparison purposes, five bent locations were selected where the 
individual p-y curves and the overall pile behavior (pile head shear resistance and maximum pile 
moment versus pile-top deflection) could be compared. The bents selected for comparison were 
at locations where five of the eight different soil profiles generated during preliminary design 
could be analyzed. The bent locations selected consisted of two bents south of Cerritos Channel 
(Bent 2 and Bent 11), one of the bents inside the Cerritos Channel (Bent 14) and two bents north 
of Cerritos Channel (Bent 18 and Bent 24). The five different idealized soil profiles are shown in 
Figures 1 to 5.  

A review of the Design Curves indicated that coarse-grained soils appear to have been developed 
using the method proposed by Reese et al. (1974) and fine-grained soils appear to have been 
developed using the method proposed by Reese and Cox (1975) for stiff clay in the presence of 
free water. The Revised Profile Curves generated by EMI were developed using API criteria 
(2000) for coarse grained soils, Matlock’s soft clay criteria (Matlock, 1970) for clays with 
undrained shear strength less than 1 ksf and Reese’s method (Reese and Cox, 1975) for stiff clay 
in the presence of free water  for clays with an undrained shear strength greater than 1 ksf.  

For comparison of the individual p-y curves, the design curves were provided by the designers. 
The Revised Profile Curves were generated using LPILE (Ensoft, 2004) based upon the revised 
idealized soil profile developed at the different bent locations. For the comparison of overall pile 
behavior (pile head shear resistance and pile moment versus pile-top deflection), the Design 
Curves were input into LPILE using the “user input p-y curves” option. Based upon our 
conversations with the designers, a “cracked” section modulus (EI) equal to 75% of the gross EI 
was used for both models.  

Liquefiable Soil. As described above, the Design Curves were generated from soil profiles that 
indicated the presence of potentially liquefiable material. Based upon a review of the Design 
Curves, liquefied strengths were generated by applying a p-reduction factor varying between 
0.15 and 0.20 for potentially liquefiable layers.  

The Revised Profile Curves were generated based upon an updated liquefaction analysis 
performed on the borings completed in the EMI field investigation. Liquefied soil strengths for 
layers identified to be potentially liquefiable were modeled using a p-reduction factor based upon 
the values provided in Ashford et al. (2008). The p-reduction factors are correlated to an average 
normalized clean sand SPT blowcount (N1)60-CS for the liquefiable layer with discrete values 
provided for a range of (N1)60-CS. An approximate trend line was drawn through the ranges 
proposed by Ashford and used in the analysis as shown in Figure 6.  
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Group Effects. It is our understanding that the Design Curves were generated prior to Caltrans 
implementation of the AASHTO LRFD Bridge Design Specifications (AASHTO, 2007) which 
required p-reduction factors to p-y curves to account for group effects. P-reduction factors to 
account for group effects for the Revised Profile Curves followed the recommendations for pile 
group efficiency reduction factors provided in Caltrans Amendments to AASHTO LRFD BDS 
(Caltrans, 2008) and were based upon the CIDH pile on-center spacing in the bridge transverse 
direction at the individual bent locations. Since each bent consists of a single row of piles, the 
bridge transverse direction controls the pile design as it has a greater group reduction than the 
longitudinal direction. The pile spacing and p-reduction factors used in the analysis for each bent 
are listed in Table 1.  

Table 1. Group Reduction Factors for Revised Profile Curves 

Bent Location Pile Diameter (ft) Average Spacing in 
Transverse Direction (ft) 

P-Reduction Factor for 
Group Effects 

Bent 2 10 30 = 3.0 x D 0.53 

Bent 11 10 36 = 3.6 x D 0.61 

Bent 14 12 33 = 2.9 x D 0.48 

Bent 18 12 35 = 3.0 x D 0.53 

Bent 24 12 45 = 4.0 x D 0.67 

Note: Group reduction effects were not accounted for in development of Design Curves. 

Groundwater. The design groundwater elevation for the Revised Profile Curves was placed at an 
elevation of +5 ft MLLW or the ground surface in locations where proposed grade is indicated 
on the plans as being below elevation +5 ft MLLW.  

Results 

The revised soil profiles resulting from the information gathered during the recent investigation 
are generally consistent with those provided in the PFR that were used to develop the Design 
Curves. Site soils can be characterized by alluvial deposits consisting of loose to medium dense 
fine-grained silty sand and sandy silt with abundant silty clay and clayey silt layers between the 
ground surface and about 50 to 70 ft below grade. The near surface alluvium is underlain by 
dense to very dense coarse-grained Gaspur Formation sand. The coarse grained portions of the 
alluvium is generally liquefiable with some pockets and lenses with medium dense to dense 
consistency that are not considered susceptible to liquefaction.  

Since lateral pile behavior is primarily dictated by the soil profile within the upper portion of the 
pile (within about 5 to 7 pile diameters from the pile top), the lateral pile stiffness throughout the 
project is dominated by soft to stiff fine-grained material and liquefiable sand. In generating the 
revised soil profiles, the recent soil borings and laboratory test results justify using more 
appropriate p-reduction factors to account for liquefaction throughout the profile and higher 
undrained shear strengths in some of the fine-grained material. Though the Design Curves were 
generated during early stages of the project without considering group effects, when the more 
appropriate p-reduction factors for liquefiable soils and increased undrained shear strengths for 
the appropriate fine-grained soils are used in conjunction with the group reduction factors, the 
Revised Profile Curves are generally comparable to the Design Curves. Figures 7 to 11 show the 
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Design Curves plotted along side the Revised Profile Curves at each bent location for the top 100 
ft of pile length.   

Due to some revisions in the idealized soil profile stratigraphy based upon the new soil 
information, there are some depths that the Revised Profile Curves model a layer or a portion of 
a layer as softer than the Design Curves; therefore, it isn’t necessarily clear upon initial 
inspection which set of p-y curves generates a more conservative soil model. Based upon our 
conversations with the designers, performing a pile pushover analysis using a free-head pile, the 
curves that generate a pile response where a smaller pile-head shear is required to produce a 
prescribed lateral pile displacement is considered to be more conservative. In addition, since 
earthquake loading on a bridge is force based (i.e., mass times the spectral acceleration), the 
curve that predicts more moment in the pile for a given pile-head shear would also be an 
indication of a more conservative analysis. 

For the five different bents considered, the lateral pile head shear and maximum moment are 
plotted against lateral pile-top displacement in Figures 12 to 16 using the analysis methods 
described above. Figures 12, 15 and 16 show that for Bent 2, Bent 18 and Bent 24, respectively, 
the Design Curves produce a more conservative lateral pile response than the analysis using the 
Revised Profile Curves. For Bent 11 and Bent 14 shown in Figures 13 and 14, respectively, the 
lateral pile head shear to produce the same lateral pile deflection is about 15 percent less for the 
Revised Profile Curves than that for the Design Curves. These differences are considered small 
and acceptable. In addition, as shown in Figures 12 through 16, the maximum moments for given 
pile-head shear values predicted using the Design Curves are approximately equal to or greater 
those predicted using the Revised Profile Curves. 

Conclusions 

Based upon the results of the above described analysis and our discussions with the designers, 
we conclude that the Design Curves are appropriate for use in the bridge final design as they 
typically generate a more conservative lateral pile response than the response predicted by the 
Revised Curves.  
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Range from Table 1
Simplified trendline

Chart for selecting p-multiplier based on (N1)60cs

Recommended values (after Ashford et al. 2008)



y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 90 0.20 1,436 0.17 180 0.20 1,853 0.17 270 0.20 2,263

0.34 162 0.40 2,753 0.34 341 0.40 3,538 0.34 502 0.40 4,271

0.50 182 0.60 3,869 0.50 384 0.60 4,943 0.50 569 0.60 5,873

0.67 197 0.80 4,753 0.67 418 0.80 6,032 0.67 622 0.80 7,046

0.83 210 1.00 5,416 0.83 447 1.00 6,829 0.83 666 1.00 7,852

1.00 221 1.20 5,894 1.00 472 1.20 7,389 1.00 705 1.20 8,381

1.16 231 1.40 6,228 1.16 494 1.40 7,771 1.16 739 1.40 8,719

1.33 240 1.60 6,457 1.33 514 1.60 8,025 1.33 770 1.60 8,931

1.50 248 1.80 6,611 1.50 532 1.80 8,193 1.50 799 1.80 9,062

1.67 256 2.00 6,715 1.67 549 2.00 8,303 1.67 825 2.00 9,143

1.84 263 2.20 6,783 1.84 565 2.20 8,374 1.84 850 2.20 9,192

2.00 269 2.40 6,829 2.00 579 2.40 8,420 2.00 873 2.40 9,222

4.50 365 5.40 6,916 4.50 794 5.40 8,503 4.50 1,210 5.40 9,269

124.50 365 149.40 6,916 124.50 794 149.40 8,503 124.50 1,210 149.40 9,269

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 360 0.20 512 0.17 522 0.17 547 0.25 3,765 0.17 5,521

0.34 631 0.40 967 0.34 744 0.33 1,058 0.50 5,325 0.33 10,523

0.50 720 0.60 1,330 0.50 868 0.50 1,509 0.76 6,204 0.50 14,668

0.67 792 0.80 1,597 0.67 970 0.67 1,885 1.01 6,775 0.67 17,855

0.83 852 1.00 1,780 0.83 1,056 0.83 2,184 1.26 7,164 0.83 20,166

1.00 904 1.20 1,900 1.00 1,132 1.00 2,414 1.51 7,425 1.00 21,774

1.16 951 1.40 1,977 1.16 1,201 1.17 2,586 1.76 7,585 1.17 22,858

1.33 993 1.60 2,026 1.33 1,264 1.33 2,711 2.02 7,664 1.33 23,576

1.50 1,032 1.80 2,055 1.50 1,322 1.50 2,802 2.27 7,676 1.50 24,045

1.67 1,069 2.00 2,074 1.67 1,377 1.67 2,866 2.52 7,629 1.67 24,348

1.84 1,103 2.20 2,085 1.84 1,428 1.83 2,911 2.77 7,532 1.83 24,543

2.00 1,134 2.40 2,092 2.00 1,476 2.00 2,943 3.02 7,390 2.00 24,668

4.50 1,599 5.40 2,103 4.50 2,182 4.50 3,016 5.04 5,330 4.50 24,888

124.50 1,599 149.40 2,103 124.50 2,182 124.50 3,017 7.06 3,268 124.50 24,889

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 6,081 0.17 7,430 0.25 3,765 0.17 9,074 0.17 5,976 0.17 10,832

0.34 7,867 0.33 14,426 0.50 5,325 0.33 17,775 0.34 9,023 0.33 21,341

0.50 9,145 0.50 20,652 0.76 6,204 0.50 25,790 0.50 11,483 0.50 31,242

0.67 10,176 0.67 25,918 1.01 6,775 0.67 32,904 0.67 13,624 0.67 40,316

0.83 11,056 0.83 30,186 1.26 7,164 0.83 39,014 0.83 15,557 0.83 48,423

1.00 11,830 1.00 33,525 1.51 7,425 1.00 44,113 1.00 17,338 1.00 55,503

1.16 12,527 1.17 36,068 1.76 7,585 1.17 48,270 1.16 19,001 1.17 61,565

1.33 13,164 1.33 37,963 2.02 7,664 1.33 51,593 1.33 20,571 1.33 66,668

1.50 13,753 1.50 39,354 2.27 7,676 1.50 54,208 1.50 22,063 1.50 70,902

1.67 14,302 1.67 40,363 2.52 7,629 1.67 56,241 1.67 23,489 1.67 74,373

1.84 14,817 1.83 41,089 2.77 7,532 1.83 57,807 1.84 24,858 1.83 77,191

2.00 15,303 2.00 41,609 3.02 7,390 2.00 59,004 2.00 26,177 2.00 79,461

4.50 22,408 4.50 42,867 5.04 5,330 4.50 62,636 4.50 45,628 4.50 87,868

124.50 22,408 124.50 42,874 7.06 3,268 124.50 62,684 124.50 45,628 124.50 88,090

Figure 7
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 90 0.20 108 0.17 180 0.20 185 0.17 270 0.05 229

0.34 162 0.40 208 0.34 341 0.40 359 0.34 502 1.58 723

0.50 182 0.60 295 0.50 384 0.60 512 0.50 569 3.15 910

0.67 197 0.80 367 0.67 418 0.80 640 0.67 622 4.73 1,042

0.83 210 1.00 423 0.83 447 1.00 743 0.83 666 6.30 1,147

1.00 221 1.20 465 1.00 472 1.20 822 1.00 705 7.88 1,235

1.16 231 1.40 496 1.16 494 1.40 881 1.16 739 9.45 1,313

1.33 240 1.60 518 1.33 514 1.60 925 1.33 770 11.03 1,382

1.50 248 1.80 533 1.50 532 1.80 956 1.50 799 12.60 1,445

1.67 256 2.00 544 1.67 549 2.00 979 1.67 825 14.18 1,503

1.84 263 2.20 551 1.84 565 2.20 995 1.84 850 15.75 1,557

2.00 269 2.40 556 2.00 579 2.40 1,006 2.00 873 17.33 1,607

4.50 365 5.40 567 4.50 794 5.40 1,032 4.50 1,210 18.90 1,654

124.50 365 149.40 568 124.50 794 149.40 1,033 124.50 1,210 50.40 2,294

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 359 0.05 256 0.17 539 0.04 245 0.17 461 0.17 324

0.34 629 1.58 808 0.34 740 1.31 771 0.34 678 0.33 612

0.50 719 3.15 1,018 0.50 869 2.63 972 0.50 850 0.50 843

0.67 790 4.73 1,165 0.67 973 3.94 1,112 0.67 998 0.67 1,012

0.83 850 6.30 1,282 0.83 1,062 5.25 1,224 0.83 1,130 0.83 1,130

1.00 902 7.88 1,381 1.00 1,141 6.56 1,319 1.00 1,251 1.00 1,208

1.16 949 9.45 1,468 1.16 1,212 7.88 1,402 1.16 1,363 1.17 1,257

1.33 991 11.03 1,545 1.33 1,278 9.19 1,475 1.33 1,468 1.33 1,289

1.50 1,030 12.60 1,616 1.50 1,338 10.50 1,543 1.50 1,567 1.50 1,308

1.67 1,066 14.18 1,680 1.67 1,395 11.81 1,604 1.67 1,662 1.67 1,320

1.84 1,100 15.75 1,740 1.84 1,448 13.13 1,662 1.84 1,753 1.83 1,328

2.00 1,132 17.33 1,797 2.00 1,499 14.44 1,715 2.00 1,840 2.00 1,332

4.50 1,594 18.90 1,849 4.50 2,236 15.75 1,766 4.50 3,121 4.50 1,340

124.50 1,594 50.40 2,565 124.50 2,236 42.00 2,449 124.50 3,121 124.50 1,340

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.25 3,765 0.17 584 0.25 3,765 0.25 3,063 0.17 11,128 0.17 9,360

0.50 5,325 0.33 1,135 0.50 5,325 0.50 4,332 0.34 16,961 0.33 18,242

0.76 6,204 0.50 1,626 0.76 6,204 0.76 5,047 0.50 21,702 0.50 26,260

1.01 6,775 0.67 2,041 1.01 6,775 1.01 5,511 0.67 25,850 0.67 33,178

1.26 7,164 0.83 2,379 1.26 7,164 1.26 5,828 0.83 29,606 0.83 38,920

1.51 7,425 1.00 2,643 1.51 7,425 1.51 6,040 1.00 33,077 1.00 43,533

1.76 7,585 1.17 2,845 1.76 7,585 1.76 6,170 1.16 36,327 1.17 47,142

2.02 7,664 1.33 2,996 2.02 7,664 2.02 6,235 1.33 39,400 1.33 49,910

2.27 7,676 1.50 3,107 2.27 7,676 2.27 6,244 1.50 42,325 1.50 51,998

2.52 7,629 1.67 3,188 2.52 7,629 2.52 6,206 1.67 45,125 1.67 53,555

2.77 7,532 1.83 3,246 2.77 7,532 2.77 6,127 1.84 47,817 1.83 54,706

3.02 7,390 2.00 3,288 3.02 7,390 3.02 6,011 2.00 50,414 2.00 55,551

5.04 5,330 4.50 3,389 5.04 5,330 5.04 4,336 4.50 88,729 4.50 57,780

7.06 3,268 124.50 3,390 7.06 3,268 7.06 2,658 124.50 88,729 124.50 57,797

Figure 8
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.22 1,631 0.71 1,055 0.24 2,252 0.53 1,555 0.26 2,862 0.53 1,796

0.42 2,306 1.43 1,491 0.49 3,185 1.05 2,200 0.53 4,047 1.07 2,540

0.64 2,660 2.14 1,735 0.73 3,688 1.58 2,561 0.79 4,697 1.60 2,958

0.85 2,870 2.86 1,891 0.97 3,999 2.10 2,794 1.04 5,106 2.13 3,229

1.06 2,997 3.57 1,996 1.21 4,198 2.63 2,952 1.31 5,375 2.67 3,414

1.27 3,064 4.29 2,065 1.46 4,316 3.15 3,057 1.57 5,542 3.20 3,536

1.49 3,085 5.00 2,105 1.70 4,372 3.68 3,120 1.84 5,631 3.73 3,611

1.69 3,068 5.71 2,122 1.94 4,378 4.20 3,149 2.10 5,657 4.27 3,647

1.91 3,019 6.43 2,121 2.18 4,341 4.73 3,150 2.36 5,630 4.80 3,651

2.12 2,944 7.14 2,102 2.44 4,268 5.25 3,127 2.62 5,558 5.33 3,627

2.33 2,844 7.86 2,069 2.68 4,163 5.78 3,083 2.88 5,445 5.87 3,578

2.54 2,724 8.57 2,024 2.92 4,032 6.30 3,021 3.14 5,300 6.40 3,510

4.24 1,978 14.29 1,463 4.86 2,926 10.50 2,181 5.24 3,841 10.67 2,532

5.94 1,230 20.00 902 6.80 1,820 14.71 1,341 7.34 2,382 14.93 1,554

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.28 3,375 0.37 2,691 0.20 1,234 0.21 3,600 0.20 2,530 0.22 3,613

0.55 4,773 0.74 3,805 0.40 2,467 0.43 5,092 0.40 5,059 0.43 5,110

0.83 5,547 1.12 4,432 0.60 3,701 0.64 5,931 0.60 7,589 0.65 5,953

1.10 6,041 1.49 4,837 0.80 4,120 0.86 6,475 0.80 8,955 0.86 6,500

1.39 6,371 1.86 5,113 1.00 4,395 1.07 6,846 1.00 9,591 1.08 6,874

1.67 6,583 2.23 5,296 1.20 4,632 1.29 7,093 1.20 10,144 1.29 7,123

1.94 6,703 2.61 5,408 1.40 4,843 1.50 7,244 1.40 10,637 1.51 7,277

2.22 6,750 2.98 5,461 1.60 5,033 1.71 7,317 1.60 11,083 1.73 7,353

2.50 6,735 3.35 5,466 1.80 5,208 1.93 7,326 1.80 11,491 1.94 7,364

2.77 6,667 3.72 5,429 2.00 5,368 2.14 7,279 2.00 11,870 2.16 7,319

3.05 6,553 4.10 5,356 2.20 5,518 2.36 7,183 2.20 12,223 2.37 7,225

3.32 6,400 4.47 5,251 2.40 5,659 2.57 7,044 2.40 12,555 2.59 7,088

5.54 4,631 7.45 3,790 5.40 7,701 4.29 5,083 5.40 17,381 4.32 5,113

7.76 2,861 10.43 2,327 149.40 7,701 6.00 3,119 149.40 17,381 6.04 3,135

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0

0.20 5,410 0.20 3,604 0.20 12,610 0.18 9,154

0.40 10,819 0.40 6,576 0.40 25,219 0.37 17,902

0.60 13,502 0.60 8,661 0.60 34,932 0.55 25,909

0.80 15,196 0.80 9,964 0.80 41,608 0.73 32,951

1.00 16,655 1.00 10,720 1.00 47,654 0.92 38,933

1.20 17,951 1.20 11,140 1.20 53,241 1.10 43,863

1.40 19,125 1.40 11,368 1.40 58,472 1.28 47,829

1.60 20,203 1.60 11,490 1.60 63,417 1.47 50,956

1.80 21,205 1.80 11,554 1.80 68,125 1.65 53,382

2.00 22,143 2.00 11,588 2.00 72,632 1.83 55,243

2.20 23,028 2.20 11,607 2.20 76,965 2.02 56,657

2.40 23,866 2.40 11,616 2.40 81,146 2.20 57,723

5.40 36,124 5.40 11,627 5.40 142,818 4.95 60,806

149.40 36,124 149.40 11,627 149.40 142,818 136.95 60,840

Figure 9
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.14 115 0.23 231 0.19 195 0.06 288 0.22 268 0.06 312

0.29 162 0.47 459 0.38 275 2.00 906 0.42 379 2.00 983

0.43 186 0.70 679 0.58 318 3.99 1,142 0.64 439 3.99 1,239

0.58 199 0.93 889 0.77 344 5.99 1,307 0.85 477 5.99 1,418

0.72 206 1.17 1,086 0.97 361 7.98 1,438 1.06 502 7.98 1,560

0.86 209 1.40 1,269 1.16 370 9.98 1,549 1.27 517 9.98 1,681

1.01 208 1.63 1,436 1.36 374 11.97 1,646 1.49 524 11.97 1,786

1.15 204 1.87 1,586 1.55 374 13.97 1,733 1.69 526 13.97 1,880

1.30 198 2.10 1,721 1.74 370 15.96 1,812 1.91 523 15.96 1,966

1.44 190 2.33 1,841 1.93 363 17.96 1,885 2.12 515 17.96 2,045

1.57 180 2.57 1,946 2.12 353 19.95 1,952 2.33 504 19.95 2,118

1.72 169 2.80 2,037 2.32 340 21.95 2,015 2.54 490 21.95 2,186

2.87 122 6.30 2,522 3.86 247 23.94 2,074 4.25 355 23.94 2,251

4.02 74 174.30 2,560 5.41 154 63.84 2,877 5.94 221 63.84 3,121

100.00 74 342.30 2,560 100.00 154 119.70 2,877 100.00 221 119.70 3,121

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 186 0.23 757 0.17 402 0.20 872 0.25 4,519 0.05 382

0.34 350 0.47 1,479 0.34 722 0.40 1,690 0.50 6,390 1.53 1,203

0.50 395 0.70 2,136 0.50 822 0.60 2,410 0.76 7,445 3.06 1,516

0.67 429 0.93 2,711 0.67 902 0.80 3,011 1.01 8,129 4.59 1,735

0.83 458 1.17 3,195 0.83 969 1.00 3,490 1.26 8,597 6.12 1,910

1.00 483 1.40 3,591 1.00 1,027 1.20 3,859 1.51 8,910 7.65 2,057

1.16 505 1.63 3,907 1.16 1,080 1.40 4,134 1.76 9,102 9.18 2,186

1.33 526 1.87 4,153 1.33 1,127 1.60 4,336 2.02 9,197 10.71 2,301

1.50 544 2.10 4,342 1.50 1,171 1.80 4,481 2.27 9,211 12.24 2,406

1.67 561 2.33 4,486 1.67 1,211 2.00 4,585 2.52 9,155 13.77 2,502

1.84 577 2.57 4,594 1.84 1,249 2.20 4,658 2.77 9,038 15.30 2,592

2.00 592 2.80 4,675 2.00 1,284 2.40 4,710 3.02 8,868 16.83 2,675

4.50 808 6.30 4,902 4.50 1,800 5.40 4,829 5.04 6,396 18.36 2,754

124.50 808 174.30 4,904 124.50 1,800 149.40 4,829 7.06 3,922 48.96 3,819

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.25 4,519 0.20 798 0.25 4,519 0.54 1,996 0.17 7,207 0.20 8,099

0.50 6,390 0.40 1,559 0.50 6,390 1.08 2,822 0.34 9,150 0.40 15,587

0.76 7,445 0.60 2,252 0.76 7,445 1.62 3,288 0.50 10,522 0.60 22,023

1.01 8,129 0.80 2,857 1.01 8,129 2.16 3,590 0.67 11,618 0.80 27,217

1.26 8,597 1.00 3,367 1.26 8,597 2.70 3,797 0.83 12,546 1.00 31,200

1.51 8,910 1.20 3,782 1.51 8,910 3.24 3,935 1.00 13,360 1.20 34,137

1.76 9,102 1.40 4,113 1.76 9,102 3.78 4,020 1.16 14,088 1.40 36,240

2.02 9,197 1.60 4,371 2.02 9,197 4.32 4,062 1.33 14,751 1.60 37,715

2.27 9,211 1.80 4,569 2.27 9,211 4.86 4,068 1.50 15,362 1.80 38,734

2.52 9,155 2.00 4,720 2.52 9,155 5.40 4,044 1.67 15,930 2.00 39,430

2.77 9,038 2.20 4,833 2.77 9,038 5.94 3,992 1.84 16,462 2.20 39,903

3.02 8,868 2.40 4,917 3.02 8,868 6.48 3,917 2.00 16,963 2.40 40,223

5.04 6,396 5.40 5,152 5.04 6,396 10.80 2,825 4.50 24,267 5.40 40,876

7.06 3,922 149.40 5,154 7.06 3,922 15.12 1,732 124.50 24,267 149.40 40,878

Figure 10
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.14 115 0.23 140 0.19 195 0.23 182 0.22 268 0.06 325

0.29 162 0.47 276 0.38 275 0.47 358 0.42 379 1.79 1,025

0.43 186 0.70 404 0.58 318 0.70 523 0.64 439 3.57 1,291

0.58 199 0.93 521 0.77 344 0.93 674 0.85 477 5.36 1,478

0.72 206 1.17 625 0.97 361 1.17 808 1.06 502 7.14 1,627

0.86 209 1.40 717 1.16 370 1.40 925 1.27 517 8.93 1,753

1.01 208 1.63 795 1.36 374 1.63 1,024 1.49 524 10.71 1,862

1.15 204 1.87 861 1.55 374 1.87 1,107 1.69 526 12.50 1,961

1.30 198 2.10 916 1.74 370 2.10 1,176 1.91 523 14.28 2,050

1.44 190 2.33 960 1.93 363 2.33 1,232 2.12 515 16.07 2,132

1.57 180 2.57 997 2.12 353 2.57 1,277 2.33 504 17.85 2,208

1.72 169 2.80 1,026 2.32 340 2.80 1,313 2.54 490 19.64 2,279

2.87 122 6.30 1,134 3.86 247 6.30 1,443 4.25 355 21.42 2,347

4.02 74 174.30 1,137 5.41 154 174.30 1,446 5.94 221 57.12 3,254

100.00 74 342.30 1,137 100.00 154 342.30 1,446 100.00 221 107.10 3,254

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 204 0.06 358 0.17 348 0.20 444 0.17 420 0.20 521

0.34 385 1.79 1,127 0.34 642 0.40 848 0.34 743 0.40 983

0.50 434 3.57 1,419 0.50 729 0.60 1,183 0.50 848 0.60 1,351

0.67 472 5.36 1,625 0.67 797 0.80 1,443 0.67 931 0.80 1,619

0.83 504 7.14 1,788 0.83 855 1.00 1,631 0.83 1,001 1.00 1,802

1.00 532 8.93 1,926 1.00 905 1.20 1,764 1.00 1,062 1.20 1,922

1.16 557 10.71 2,047 1.16 949 1.40 1,853 1.16 1,116 1.40 1,999

1.33 579 12.50 2,155 1.33 990 1.60 1,913 1.33 1,166 1.60 2,046

1.50 599 14.28 2,253 1.50 1,027 1.80 1,952 1.50 1,211 1.80 2,076

1.67 618 16.07 2,343 1.67 1,061 2.00 1,978 1.67 1,254 2.00 2,094

1.84 636 17.85 2,427 1.84 1,093 2.20 1,994 1.84 1,293 2.20 2,105

2.00 652 19.64 2,505 2.00 1,123 2.40 2,005 2.00 1,330 2.40 2,111

4.50 892 21.42 2,579 4.50 1,561 5.40 2,024 4.50 1,871 5.40 2,122

124.50 892 57.12 3,577 124.50 1,561 149.40 2,024 124.50 1,871 149.40 2,122

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 565 0.20 5,169 0.25 4,519 0.20 10,619 0.17 10,788 0.20 14,188

0.34 826 0.40 9,886 0.50 6,390 0.40 20,345 0.34 16,443 0.40 27,639

0.50 1,030 0.60 13,846 0.76 7,445 0.60 28,563 0.50 21,040 0.60 39,764

0.67 1,205 0.80 16,941 1.01 8,129 0.80 35,046 0.67 25,061 0.80 50,205

0.83 1,361 1.00 19,231 1.26 8,597 1.00 39,889 0.83 28,702 1.00 58,848

1.00 1,504 1.20 20,855 1.51 8,910 1.20 43,362 1.00 32,067 1.20 65,771

1.16 1,636 1.40 21,973 1.76 9,102 1.40 45,780 1.16 35,218 1.40 71,173

1.33 1,760 1.60 22,728 2.02 9,197 1.60 47,429 1.33 38,197 1.60 75,301

1.50 1,877 1.80 23,230 2.27 9,211 1.80 48,537 1.50 41,032 1.80 78,408

1.67 1,988 2.00 23,561 2.52 9,155 2.00 49,275 1.67 43,747 2.00 80,717

1.84 2,094 2.20 23,778 2.77 9,038 2.20 49,764 1.84 46,357 2.20 82,418

2.00 2,196 2.40 23,920 3.02 8,868 2.40 50,086 2.00 48,875 2.40 83,664

4.50 3,694 5.40 24,182 5.04 6,396 5.40 50,698 4.50 86,020 5.40 86,920

124.50 3,694 149.40 24,182 7.06 3,922 149.40 50,699 124.50 86,020 149.40 86,943

Figure 11
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Date:
1/20/2010 Figure 1206-123

ACTA Schuyler Heim Bridge (Replace) Bent 2 Pile Head Shear and Max 
Moment versus Deflection 
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1/20/2010 Figure 1306-123

ACTA Schuyler Heim Bridge (Replace) Bent 11 Pile Head Shear and Max 
Moment versus Deflection 
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1/20/2010 Figure 1406-123

ACTA Schuyler Heim Bridge (Replace) Bent 14 Pile Head Shear and Max 
Moment versus Deflection 
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Appendix H. Design p-y Curves for Bent Lateral Pile Analysis 



Table R-1. SB SR 103 On-Ramp Bent 24 to Bent 27 
n-v Curves for 10' Diameter CIDH Piles 

10 ft depth 

y (in) ( p (lblin) y (in) p (Iblin) y (ill) p (Iblin) y ( in )  p(Ib1in) 

40 ft depth 55 fi dept1.1 

y (in) p (Iblin) y (in) p (Iblin) 

I diameters. 

70 f deptl~ 100 ft depth 150 f depth 

y (in) p (Iblin) y (in) p (Iblin) y (in) 1 p (lblin) 

 creased by a factor of  1.2 eq~lal  to  the ratio of tile pile 



Appendix I. Caltrans Review Comments and EM1 Response 



Review Conlnlents for Foundation Reports for BR.53-303 1 ,  BR53-3 ... 

Subject: Review Coillllleilts for Fouildation Reports for BR.53-303 1, BR.53-3033, BR.53-3034K. 
BR53-3035s. 
From: FIaitao Liu <l~aitao - liu@dot.c 
Date: Tue, 23 Mar 2010 17:17:30 -0400 
To: Arul c\sulllloli <arulmoli@ea~"iliech.coni> 
CC: Hector Bedolla <hector - bedolla@dot.ca.gov>, Dell-Jeng Jang <dell-jeng jang@dot.ca.gov>. 
Maillid R Toossi <hamid - r - toossi@dot.ca.gov>, Foued Zayati <foued-zayati@dot.ca.gov>. Bo-jan 
Misic <bo.jan - misic@dot.ca.gov>, Ralijai~ Guilaralljan <raTljai~@ea?hmecl~.com>, Eric Brown 
<e.browi~@eai-tl~rnech.com>, Seuilgwoon Han <seungwooil-l~an@dot.ca.gov> 

Dear Arul, 

Below are our review comments for the subject bridges: 

New Dock Street Off-Ramp, Bridge No. 53-3031: 

1) Table 5 (Page 28 of Foundation Report). 
Boring No. R-09-010: Please verify the liquefaction potential and 
seismic-induced settlement for the soils from El. -40' to -45' (Silt with 
sand under the blowcounts of 3), and evaluate its impact on the CIDH pile 
design in Abut 3. Comment eliminated based on your recent findings 

2) Section 5.6.1 (Page 34 of the Report). 
Please reisr to Section A11.1.1.3 of AASHTO LRFD BDS for the estimation of 
seismic lateral earth pressure on nonyielding bridge abutment, as Yong's 
method (1965) may not be an acceptab1.e approach for the seismic earth 
pressure estimation. 

3) Section 5.6.2 (Page 34 of the Report). 
Please change the word "abutment wall" into "abutment backwall". For the 
seat abutnient in this bridge, it is the baclcwall portion of the abutment 
wall that is designed to break off under longitudinal thrust from the box 
girder in order to engage the passive earth pressure. The soil spring 
behind the stemwall portion of the abutment wall will not be included for 
the bridge seismic analysis in longitudinal direction. 

4) Log of Test Borings. 
I. Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs; 11. Silty clay is not a 
standard group name for fine-grained soils in Caltrans Soil and Rock 
Logging Manual, please revise them. 

5) Appendix E.Lab Test Results 
Consolidation Coefficient (CV) is a function of the effective overburden 
and pre-consolidation stress for a given soil. Please present the 
correlation curve between consolidation coefficient and applied vertical 
pressure, and select the lowest coefficient, or the coefficient value under 
the actual effective overburden by the end of construction for the 
settlement evaluation. 

6) Axial Capacity (Calculation Volume) 
Boring No. R-09-010 was used as the reference boring for the analysis of 
axial p i l ~  capacity at all bridge support locations. This practice will 
ger~erat~ ~slatively conservative results for the determina-tion of pile tip 
under strength and service limit states. However, under the extreme event, 
the dragload produced by the soils above the bottom of liquefaction layer 
in locations other than R-09-010 could be higher than those presented in 
the analysis. The downdrag effect due to soil liquefaction could make what 
is conservative for the strength and service limit states more aggressive 
for extreme event in axial pile analysis. Different load/resistance 
combination may be needed for the seismic-controlled design pile tip. 



Re\~iew Comments for Fo~lndation Reports fol- BR53-303 1, BR53-3 ... 

7) Axial Capacity for Abut 3 (Calculation Volume) 
Based on Abutment 3 Details No.1, the closest pile center-to-center spacing 
is three times of pile diameter, group reduction factor may be needed in 
determining design pile tip elevations. 

8) Axial Capacity for Abut 3 (Calculation Volume) 
The current design pile tips will s-top at cohesive soil layers. Based on 
Section 10.8.3.5.1 of AASHTO LRFD BDS, the contribution to total pile side 
resistance from the bottom one diameter of pile embedment should be 
ignored due to the potential tensile crack in that area. Please extend the 
pile tip by one time pile diameter to reflect the above design 
consideration. 

3) Axial Capacity for all bents (Calculation Volume) 
According to CIDH Pile Details No. 2, the permanent steel casing will be 
used within 26 feet below the top of the shaft to facilitate the 
installation of the column rebar cage to be embedded into the shaft and 
subsequent concrete pour under the dry condition. It is recommended that 
shaft frictional resistance be neglected within the vertical limits of the 
proposed permanent casing. Please revise the shaft axial capacity analysis 
and design pile tips for all bents accordingly. 

10) Axial Capacity for Bent 4 (Calculation Volume) 
For extreme event, the depth to the bottom of soil liquefaction and 
downdrag should be 30 feet (E1.+5 ft minus El.-25 ft) below finished grade, 
instead of 37 ft. 

11) Axial Capacity for Bent 5 (Calculation Volume) 
For all limit states, the depth to the shaft cut-off should be taken as 10 
feet below finished grade (E1.+4 ft minus El.-6 ft), instead of 4 feet. 

12) Lateral Pile Capacity for Abut 3 (Calculation Volume) 
Please consider following point in pile lateral analysis. I. Reduce the 
overburden that is 19 ft above the pile cut-off, and create a more 
conservative soil spring value. 11. Reduce the value of momen-t of inertia 
("I" value) for the CIDH piles, and create a more conservative pile 
stiffness to reflect the cracked condition; or use nonlinear EI in L-Pile 
anal.ysis, based on pile reinforcement information from the contract plans. 
III. Try to limit the maximum bending moment of the piles to the plastic 
moment in the analysis, and revise the boundary condition of the pile, if 
necessary. 

13) Static Settlement 
Eased on LOTBs, sandy lean clay layer was encountered from El. -5 ft to 
El.-1.0 ft, with PP value of 0.25 tsf. However the settlement contribution 
from the above layer has not been addressed in the consolidation analysis. 
Please include them in your future submittal if necessary. 

14) Static Settlement 
The soil profile for New Dock Street On-Ramp Abutment 6 was used for the 
settlement analysis of the Off-Ramp Abutment 3. 

SR 103 Off-Ramp, Bridge No. 53-3034K: 

All applicable review comments from New Dock Street Off-Ramp, plus: 

1) Axial Pile Capacity for Abutment 27 (Calculation Volume) 
Please limit the end bearing to less than 20% of total required nominal 
resistance in determining design pile tip, regardless of what limit state 
we are loolr_ing at. This will reduce the additional settlement (or the 
additional stress on structural member under such settlement) associated 
with the end bearing mobilization. 

2) Axial Pile Capacity (Calculation Volume) 
The average energy corrected blowcounts are all assumed to be 18 for soils 
from El.-25 ft to El.-50 ft in axial pile analysis for all bridge support 
locations. However, the LOTBs at Bents 25 and 26 shows that soils with 



Rcl.\lie\v Comments for Foundation Reports for BR53-303 1, BR53-3 ... 

blo~.~~counts significantly less than 15 were encountered from El.-30 ft to 
El.-40 ft, which requires that the reduction factor for the load transfer 
coefficient be included in axial pile analysis per Reese-O'Neil (1999). 
Please a(1jut the number of blowcounts in axial analysis based on LOTBs for 
Bents 25 and 26. 

New Dock Street On-Ramp, Bridge No. 53-3033 and SR 103 On-Ramp, Bridge No. 
53-30355 

All applicable review comments from BR 53-3031 and BR 3034K. 

Should you have any question, please contact me or Mr. Seungwoon Han at 
(916) 227-4533. 

Thank you. 

Haitao Liu, P.E. 

Transportation Engineer - Civil 
Office of Geotechnical Design South - 1 
Division of Engineering Services 
Department of Transportation, California 

5900 Folsom Blvd. 
Sacramento, CA 95819 
Office phone: (916) 227-0992 
Cell phone: (916) 704-6519 



RESPONSES FOR ACTION REUD 
A AGREE FULLY WILL COMPLY 
e AGREE PARTLY SEE NOTED EXCEPTlOflS 
C DISAGREE REASONS ARE NOTED 
O ~ O t , l l d E t l i  HAS SEFtN SUPERCEDED BY DESIGN DEVELOPlvlENT 
E ~ O U t S i l O t i  Ol iLY AtlSWER THE OUESTION 

Off Ramp (Bridge No. 53-3034K) Bridges 
SUBMITTAL REVIEW COMMENTS FORM 

Page 1 of 5 

1 

2 

3 

4 

5 

Tab: Ramp Bridges 65% PS&E 

1) Table 5 (Page 28 of Foundation Report). 
Boring No. R-09-010: Please verify the liquefaction potential and 
seismic-induced settlement for the soils from El. -40' to -45' (Silt with 
sand under the blowcounts of 3), and evaluate its impact on the ClDH pile 
design in Abut 3. Comment eliminated based on your recent findings. 

2) Section 5.6.1 (Page 34 of the Report). 
Please refer to Section A1 1.1.1.3 of AASHTO LRFD BDS for the estimation of 
seismic lateral earth pressure on nonyielding bridge abutment, as Yong's 
method (1985) may not be an acceptable approach for the seismic earth 
pressure estimation. 

3) Section 5.6.2 (Page 34 of the Report). 
Please change the word "abutment wall" into "abutment backwall". For the 
seat abutment in this bridge, it is the backwall portion of the abutment 
wall that is designed to break off under longitudinal thrust from the box 
girder in order to engage the passive earth pressure. The soil spring 
behind the stemwall portion of the abutment wall will not be included for 
the bridge seismic analysis in longitudinal direction. 

4) Log of Test Borings. 
I. Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs; 11. Silty clay is not a 
standard group name for fine-grained soils in Caltrans Soil and Rock 
Logging Manual, please revise them. 

5) Appendix E.Lab Test Results 
Consolidation Coefficient (CV) is a function of the effective overburden 
and pre-consolidation stress for a given soil. Please present the 
correlation curve between consolidation coefficient and applied vertical 

pressure, and select the lowest coefficient, or the coefficient value under 
the actual effective overburden by the end of construction for the 
settlement evaluation. 

Patrick Wilson 

(pw), 
Eric Brown (EB), 

K. Arul Arulmoli (KA) 

pW EB I KA 

P W I E B I K A  

PW I EB I KA 

P W I E B I K A  

A 

A 

A 

A I C 

A 

Will comply. Supplemental laboratory tests performed on 
the sample indicate a Plasticity Index (PI) of 12: therefore, 
based upon the Boulanger and ldriss (2006) criteria, this 
layer is determined to be non-liquefiable. Lab test results 
are attached. 

Will comply. Tthe recommendations for seismic lateral 
earth pressure on nonyielding bridge abutments have 
been revised to be consistent with the recommendations 
shown in Section A1 1.1.1.3 of AASHTO LRFD BDS. 

Will comply. We agree that the recommended edit will be 
more clear for the reader and the text has been revised 
per your suggestion. 

I. Will comply. LOTB's have been revised to only show 
SPT blowcounts (attached). 
11. Silty Clay is listed as a soil-type descriptor in Figure 3-3 
(page 42) of the Caltrans SRLPCM for material with a PI 
between 4 and 7. All of the instances where a material is 
described as Silty Clay on the LOTBs, plasticity test 
results indicate a PI between 4 and 7. 

Will comply. Settlement rate calculations have been 
revised to use the lowest consolidation coefficient 
determined from lab testing. Revised settlement 
calculations are attached. 

412012010 

412012010 

4/20/2010 

412012010 

412012010 
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C DISAGREE REASONS ARE 1lOTED 

Off Ramp (Bridge No. 53-3034K) Bridges 
SUBMITTAL REVIEW COMMENTS FORM 

D COlillvlENT HAS BEE11 SUPERCEDED BY DESlGil D iVEL3Pt , IE l l i  
E OUESTION OhiLY ANSWER THE OUESilOi l  

6 

7 

8 

Page 2 of 5 Tab: Ramp Bridges 65% PS&E 

6) Axial Capacity (Calculation Volume) 
Boring No. R-09-010 was used as the reference boring for the analysis of 
axial pile capacity at all bridge support locations. This practice will 
generate relatively conservative results for the determination of pile tip 
under strength and service limit states. However, under the extreme event, 
the dragload produced by the soils above the bottom of liquefaction layer 
in locations other than R-09-010 could be higher than those presented in 
the analysis. The downdrag effect due to soil liquefaction could make what 
is conservative for the strength and service limit states more aggressive 
for extreme event in axial pile analysis. Different loadlresistance 
combination may be needed for the seismic-controlled design pile tip. 

7) Axial Capacity for Abut 3 (Calculation Volume) 
Based on Abutment 3 Details No.1, the closest pile center-to-center spacing 
is three times of pile diameter, group reduction factor may be needed in 
determining design pile tip elevations. 

8) Axial Capacity for Abut 3 (Calculation Volume) 
The current design pile tips will stop at cohesive soil layers. Based on 
Section 10.8.3.5.1 of AASHTO LRFD BDS, the contribution to total pile side 
resistance from the bottom one diameter of pile embedment should be 
ignored due to the potential tensile crack in that area. Please extend the 
pile tip by one time pile diameter to reflect the above design 
consideration. 

P W I E B I K A  

P W I E B I K A  

pw EB I KA 

A 

A 

A 

Will comply. All six borings1CPTs were used to generate 
the idealized soil profile used in the pile analysis. We 
agree that the downdrag elevation for determining the 
seismic-controlled (extreme event) design pile tip 
elevation should be based on the nearest soil boring or 
CPT sounding. Different bottom of liquefiable layer 
elevations were used at each support. As shown in the 
calculation volume, the elevation to the bottom of the 
liquefiable layer was based on R-09-010 for abutment 3 
and bent 4, CPT-09-064 for bent 5, R-09-012 for bent 6, R- 
09-013 for bent 7. and R-09-015 for bent 8. This appears 
to comply with your comment. 

Will comply. Per our discussions with the designer, 1 pile 
will be added at this abutment. We have revised our axial 
pile capacity calculations to include an average pile group 
reduction factor of 0.93 at Abutment 3. The evaluation of 
the group reduction factor and revised axial pile capacity 
calculations for Abutment 3 are attached. 

Will comply. Revised axial pile capacity calculations are 
attached. 

4/20/2010 

4/2012010 

412012010 



RESPONSES FOR ACTION REQ'D 

.53-3034K) Bridges 
SUBMITTAL COMMENTS FORM 

C DISAGREE REASONS ARE NOTED 
D 301 l11IEtlT HAS BEEN SUPERCEDED EY DESIGN DEVELOPMENT 
i OUiS'IOti OlIiY AlISWER THE QUESTION Page 3 of 5 Tab: Ramp Bridges 65% PS&E 

DATE 

412012010 

412012010 

4/20/2010 

NO. 

9 

10 

11 

Reviewed By: 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. COMMENTS 

9) Axial Capacity for all bents (Calculation Volume) 
According to CIDH Pile Details No. 2, the permanent steel casing will be 
used within 26 feet below the top of the shaft to facilitate the 
installation of the column rebar cage to be embedded into the shaft and 
subsequent concrete pour under the dry condition. It is recommended that 
shaft frictional resistance be neglected within the vertical limits of the 
proposed permanent casing. Please revise the shaft axial capacity analysis 
and design pile tips for all bents accordingly. 

10) Axial Capacity for Bent 4 (Calculation Volume) 
For extreme event, the depth to the bottom of soil liquefaction and 
downdrag should be 30 feet (E1.+5 ft minus El.-25 ft) below finished grade, 
instead of 37 ft. 

11) Axial Capacity for Bent 5 (Calculation Volume) 
For all limit states, the depth to the shaft cut-off should be taken as 10 
feet below finished grade (El.+4 ft minus El.-6 ft), instead of 4 feet. 

RESPONSE BY: 

P W I E B I K A  

P W I E B I K A  

PW I EB I KA 

ACTION 
REQ'D 

D 

A 

A 

RESPONSE 

As a result of design development and discussions with 
the designers, the CMP permanent casing has been 
replaced with driven permanent steel casing. The driving 
resistance of the permanent steel casing will be specified 
in the Pile Data Table; therefore, the skin friction along the 
length of the permanent casing (based upon APl 
methodology) has been included in the design. The axial 
pile capacity calculations for the controlling limit case 
(Strength Limit State) for the bents have been revised. A 
sample revised calcuation for Bent 4 and the revised pile 
data table are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 
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A AGREE FULLY WILLCOMPLY 
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E OUESTION ONLY ANSWER THE OUESTi i i l  

12 

13 

Page 4 of 5 Tab: Ramp Bridges 65% PS&E 

12) Lateral Pile Capacity for Abut 3 (Calculation Volume) 
Please consider following point in pile lateral analysis. I. Reduce the 
overburden that is 19 ft above the pile cut-off, and create a more 
conservative soil spring value. II. Reduce the value of moment of inertia 
("I" value) for the ClDH piles, and create a more conservative pile 
stiffness to reflect the cracked condition; or use nonlinear El in L-Pile 
analysis, based on pile reinforcement information from the contract plans. 
Ill. Try to limit the maximum bending moment of the piles to the plastic 
moment in the analysis, and revise the boundary condition of the pile, if 
necessary. 

13) Static Settlement 
Based on LOTBs, sandy lean clay layer was encountered from El. -5 ft to 
El.-10 ft, with PP value of 0.25 tsf. However the settlement contribution 
from the above layer has not been addressed in the consolidation analysis. 
Please include them in your future submittal if necessary. 

P W I E B I K A  

P W I E B I K A  

A 

A 

I. The apparent discrepancy arises from the facts that the 
LPile program does not allow the bottom of a soil layer to 
be above the pile cut-off, and the water table is not directly 
entered (it is accounted for by inputting the correct 
effective unit weight and subgrade modulus values based 
on saturatedldry conditions). 

At abutment 3, the top of the embankment is at about 
elevation +20 ft. Finished grade is at about elevation +7 ft. 
Taking the average of the top of the embankment and 
finished grade gives +13.5 ft. The design water table is 
conservatively located at elevation +5 ft. Pile cut-off is at 
+ I  ft. So the overburden can be estimated by including 4 ft 
of buoyant soil unit weight plus 8.5 ft of dry soil unit 
weight, which is about 1260 psi. Due to the LPile soil 
layering constraints mentioned above, we modeled the 
overburden using a 19 ft layer, with buoyant unit weight. 
which gives an overburden of about 1140 psf, which is 
slightly below the estimate above (conservative). 

II. Will comply. The revised lateral pile analysis includes a 
"cracked" El value equal to 80% of the gross El for the pile 
for service and strength limit state (0.25" lateral pile top 
deflection) and 50% of the gross El for the extreme event 
limit state (greater than 0.25" lateral pile top deflection). 
Revised lateral pile capacity calculations are attached. 

Ill. Based upon our conversations with the bridge 
designers, the pile reinforcing has been designed to have 
sufficient capacity to handle the moment demands. 

Will comply. The settlement calculations have been 
revised to account for the compressible layer between 
elevation -5 and -10 ft. The revised settlement calculations 
are attached. 

412012010 

412012010 

412012010 



RESPONSES FOR ACTION REO'D 

Off Ramp (Bridge No. 53-3034K) Bridges 
SUBMITTAL REVIEW COMMENTS FORM 

C DISAGREE REAS0113 ARE IIOTED 
5 CL.111 IEIlT HAS BEE:! SUPEKCEDED BY DESIGN DEVELOPEVIENT 
i L " i 5 i l  3;' 3fIL1 41:51NER THE OUtS i iON Page 5 of 5 

NO. 

14 

15 

16 

Tab: Ramp Bridges 65% PS&E 

RESPONSE BY: 

P W I E B I K A  

P W I E B I K A  

P W I E B I K A  

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. 

ACTION 
REQ'D 

A 

A 

A 

Reviewed By: COMMENTS 

14) Static Settlement 
The soil profile for New Dock Street On-Ramp Abutment 6 was used for the 
settlement analysis of the Off-Ramp Abutment 3. 

1) Axial Pile Capacity for Abutment 27 (Calculation Volume) 
Please limit the end bearing to less than 20% of total required nominal 
resistance in determining design pile tip, regardless of what limit state 
we are looking at. This will reduce the additional settlement (or the 
additional stress on structural member under such settlement) associated 
with the end bearing mobilization. 

2) Axial Pile Capacity (Calculation Volume) 
The average energy corrected blowcounts are all assumed to be 18 for soils 
from El.-25 ft to El.-50 ft in axial pile analysis for all bridge support 
locations. However, the LOTBs at Bents 25 and 26 shows that soils with 
blowcounts significantly less than 15 were encountered from El.-30 ft to 
El.-40 ft, which requires that the reduction factor for the load transfer 
coefficient be included in axial pile analysis per Reese-O'Neil (1999). 
Please adjust the number of blowcounts in axial analysis based on LOTBs for 
Bents 25 and 26. 

RESPONSE 

Yes this is correct. Because the two bridges are located 
close to one another, based upon the subsurface 
exploration, the same idealized soil profile was originally 
used for both locations. However, based on comment #13, 
the settlement calculations for New Dock Street Off-Ramp 
have been revised to account for the clay layer 
encountered in Boring R-09-010 between elevation -5 and 
10 ft. The revised settlement calculations are attached. 

Will comply. The revised axial capacity calculations and 
pile data table are attached. 

Will comply. Axial pile capacity calculations have been 
revised to incorporate a reduced load transfer in soil 
layers with blowcounts less than 15 blows per foot, where 
applicable. The revised axial capacity calculations and pile 
data table are attached. 

DATE 

4120/2010 

412012010 

412012010 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 
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. - -- - -- - -- - -- -- - 

May 10,2010 

EM1 Project No. 06-123-03 

Alameda Corridor Transportation Authority 
One Civic Plaza, Suite 350 
Carson, California 90745 

Attention: Mr. Lucien Hersh, P.E. 
Project Manager 

Subject: Final F'ourzdation Report, Sch zryler Heim Bridge (Replace), Bridge No. 53-3032 
Los Angeles Coz~nty, Califorit in, (7-LA-4 7, PM 3.58, EA 238501) 

Dear Mr. Hersh: 

Attached is our Final Foundation Report for the subject bridge. This report presents the results 
of our analyses and recommendations for design and construction of the bridge foundation for 
the subject bridge replacement. 

The Foundation Report for the subject bridge, dated February 11, 2010, was submitted to 
Caltrans. The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed the report 
and provided their comments on April 7, 2010. EM1 developed responses to the OGDS-1 
review comments and submitted them on April 27, 2010. OGDS-I review comments and EM1 
responses are included in Appendix I. The responses to these review comments have been 
incorporated into this Final Foundation Report. 

We appreciate the opportunity to provide geotechnical services for this project. If you have any 
questions please call us. 

Sincerely, 
EARTH MECHANICS, INC. 

g 8 -&-- 
(Ranjan) G.J. Gunaranjan, PZ 71 758 

Senior Staff Engineer 
GJGIKA 

Project Manager 

17660 Newhope Street, Suite E, Fountain Valley, California 92708 Tel: (714) 751-3826 Fax: (714) 751-3928 
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1.0 INTRODUCTION 

1.1 Purpose and Scope of Work 

This Foundation Report presents the findings and collclusions of' a geoteclmical investigation 
conducted by Earth Mechanics, Inc. (EMI) for the proposed Schuyler Heiln Bridge (Replace) in 
Los Angeles County, California (Bridge No. 53-3032). The report has been prepared in general 
accordance with Caltrans Guidelines for Foundation I~lvestigation and Reports (Caltrans, 
2006e). It presents results of our foundation analysis and provides design and constiuction 
recomnendations to assist the bridge designers in preparing the project Plans, Specifications, 
and Estimates (PS&E) for the project. 

The geoteclmical services provided for tics project included the followillg tasks: 

Collection and review of existing geoteclmical information; 

0 Field exploration consisting of drilling, sampling and logging twenty nine land and four 
ovenvater exploratory borings and twenty five Cone Penetration Test (CPT) soundings; 

Laboratory testing of selected bulk and relatively undisturbed soil sanlples; 

Engineering analysis to develop foundation design and constructioll recomn~endations; 

0 Preparation of this report presenting our findings, conclusions, and recommendations. 

1.2 Project Description 

The Schuyler Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a 
joint partnership between Caltrazs and the Alarneda Corridor Transportation Authority 
(ACTA). The project proposes to replace the seismically deficient Schuyler Heiln Bridge over 
Ceuitos Channel and add a four-lane elevated roadway connection to Alameda Street that will 
bypass three signalized intersections and five at-grade railroad crossings. The location of the 
project is shown in Figure 1. 

'The proposed Schuyler I-Ieim Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge with an elevated profile to provide a minimum vertical clearance of 
47 fi in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The 
proposed bridge replacement project includes bridge structures along the soutl~bound exit 
ramps and nol-tllbound entrance ramps at New Dock Street and State Route-1 03 (SR-103). This 
report is prepared for the replacement of the Schuyler Heim Bridge structure (Figure 2). 

The proposed Schuyler Heim Bridge (Bridge No. 53-3032) is a twenty three-span Cast-in-Place 
(CIP) prestressed concrete box girder bridge supported on a single seat type abutment at the 
south end (Abutment I), a two-column bent at the north end (Bent 24); and eighteen four- 
column bents (Bents 2 tlxough 5, 8, and 11 through 23), two five-column bents (Bents 6 and 7), 



and two six-colun1n bents (Bents 9 and 10). The bridge deck varies in width up to about 129 ft 
and is approximately 4,122 ft long. The proposed Schuyler Heim Bridge spans about 750 ft 
long over the Cell-itos Channel between Bents 13 through 16. Per chaimel section provided by 
URS, the existing slope of Cell-itos Channel at ~ 0 ~ 1 t h  side is approximately 2H:lV above 
approximate El. -26 ft  and changes to 5H:lV below this elevation. The existing slopes of 
Cel-i-itos Channel at north side are approximately 2H: 1V and IOH: 1V at above and below El. - 
40 ft, respectively. The top of the slopes at south and north sides are at about El. +2 ft and El. 
+10 ft, respectively. The channel bottom exists between approximate El. -40 ft and -50 ft. 
Based on the topograpl~ic map provided, an area extending from the crest of the north slope to 
about 225 ft north has an approximate finished grade at El. + 10 ft. This area is located on the 
east side of the existing Sch~~yler Heim Bridge. 

The proposed eastell1 colu~nn of Bent 11 is located behind an existing MSE wall that has an 
approximate fiaished at El. +16 ft. 

The typical bridge bents on the south side of the channel (Bents 2 through 12) have each 
column supported on a single 10-ft diameter cast-in-drilled-hole (CIDH) pile whereas the bents 
within the channel (Bents 13 through 16) will be supported on 1 1 -ft diameter CIDH piles, and 
on the nol-tl~ side of the charnel (Bents 17 through 24) will be supported on 12-ft diameter 
CIDH piles. All bent piles are Type I1 shafts. The southern abutment (Abutment 1) will be 
supported on 2.5-ft diameter CIDH piles. 

The proposed Schuyler Heim Bridge (Replace) will generally have the same alignment as the 
existing structure at the southern end and is proposed to be realigned northwards slightly to the 
east of the existing structure (Bridge No. 53-261 8). The southern bridge approach elnbanlcrnent 
at Abutment 1 will be constructed with a Mecl~anically Stabilized Embankment wall (MSE 
Wall No. Al)  of about 185-ft long and 20-ft maximum high on the west side. The east side of 
the approach embanlunent will have an earthen embankment with 2H:lV finish slopes. 
Recommendations for the MSE wall and the earthen embadunent are addressed in a separate 
foundation report prepared by EM1 (EMI, 20 1 Oe). 

The north end of the mainline structure terminates at an expansion joint where the east side of 
the mainline abuts northbound SR-103 Off-Ramp structure (Bridge No. 53-3034K) 
approximately 26.5 ft  north of Bent 24 of the mainline while the west side of the mainline abuts 
souitllbound SK-103 On-Ramp structure (Bridge No. 53-3035s) approximately 25 ft north of 
Bent 23 of the mainline. Recommendations for these SR-103 Off- and On-Ramp structures are 
addressed in separate foundation reports prepared by EM1 (EMI, 2010a and EMI, 20 lob). The 
subject mainline brldge also includes bridge structures along the southbound off-ramp (Bridge 
No. 53-30313 and northbound on-ramp (Bridge No. 53-3033) at New Dock Street. 
Recommendations for these New Dock Street Off- and On-Ramp structures are also addressed 
in separate foundation reports prepared by EM1 (EMI, 201 0c and EMI, 201 Od). 

As described earlier, the proposed Schuyler Heim Bridge (Replace) is a portion of the overall 
SR-47 Expressway Project which includes extension of the structure north of Bent 2 4  planned 
for the future (SR-103 Expressway). The SR-47 Expressway Project includes the SR-47 
Expressway Ramps that will eventually abut the subject Schi~~yler Heim Bridge adjacent to the 



SR-103 On- and Off-Ramp structures. The SR-47 Expressway Ramps are proposed a s  part of a 
separate project. At the two hinge points where the subject Schuyler Heim Bridge will abut the 
SR-47 Expressway Ramps, the deck of the subject bridge will have a row of tie-down anchors 
that will simulate the weight of the SR-47 Expressway Ramps until they are constructed at a 
later date. Each anchor is anticipated to be approximately 6-inches in diameter and 75 ft in 
length with a service capacity of 175 kips. 

Based on latest plans provided by the designers, four proposed RCP lines with diameters of 18, 
74, 30, and 5 1 inches and one proposed 12-inch diameter VCP line are located on the north side 
of the Cerritos channel. In addition, an existing 12-inch diameter high pressure gas line is 
located about 33 ft west of Abutment 1. Toward the south, this gas line is located about 5 to 10 
ft west of Retaining Wall Al .  

It is our understanding that the Port of Long Beach (POLB) may raise the grade in the future at 
north side of Cerritos Channel from Bents 17 through 23 as part of the potential future Pier A 
improvements. If this improvement occurs, appropriate measures need to be taken t o  mitigate 
the downdrag effect on piles at Bents 17 through 23 and kinematic loading effect o n  piles at 
Bent 17 due to the fill placement. 

1.3 Existing Bridge Information 

The existing Schuyler Heim Bridge (Bridge No. 53-2618) is a 45-span structure and is 
approximately 3,975 ft long and varies from about 80 to 130 ft wide. The typical span between 
piers is about 70 ft with the exception of the three spans between Piers 26 through 29 which 
crosses the Cerritos Channel and collectively spans about 685 ft. The center of these three 
spans between Piers 27 and 28 is the lifting span of the structure and is approximately 272 ft 
long. 

Rased on the as-built plans, the existing bridge is supported on a combination of timber piles 
and 14BP73 driven steel piles. Steel piles with a design loading of 40 tons are used at the 
abutlllents and Piers 26 through 29. Timber piles with a design loading of 22 tons are used at all 
other supports. 

Copies of selected sheets from the as-built drawings for the existing Schuyler Heim Bridge are 
provided in Appendix A. 

1.4 Limitations 

This report is intended for use by Alarneda Corridor Transportation Authority (ACTA), its 
design lean members and the California Department of Transportation (Caltrans) for the 
proposed Schuyler Heim Bridge (Replace). This report is based on the project as described 
herein and the information obtained from the exploratory borings and Cone Penetration Testing 
(CPT) soulndings at the approximate locations indicated on the attached plans. The findings and 
recoil~mendations contained in this report are based on the results of the field investigation, 
laboratory tests, md engineering analyses. Also, soils and subsurface conditions encountered in 
the exploratory borjtlgs arc presumed to be representative of the project site; however, 
subsurface conditions and characteristics of soils between exploratory borings and CPT 



soundings can vary. Findings reflect an interpretation of the direct evidence obtained. 
Recommendations presented herein are based on the assumption that an appropriate level of 
quality control and quality assurance (inspections and tests) will be provided during 
construction. EM1 should be notified of any pel-tinent changes in the project plans or if 
subsurface conditions are found to vary from those described herein. Modifications to the 
project plans or variations in subsurface conditions may require re-evaluatioi~ of the 
recormnendations contained in this report. 

The data, opinions, and recommendations contained herein are applicable to the specific design 
elements and locations which are the subject of this report. Data, opinions, and 
recoinmendations herein have no applicability to any other design elements or to any other 
locations, and any and all subsequent users accept any and all liability resulting from any use or 
reuse of the data, opinions, and recommendations without the prior written consent of EMI. 

EM1 is not responsible for construction means, methods, techniques, sequences, or procedures, 
or for safety precautions or programs in connection with the construction, for the acts or 
onlissions of the Contractor, or any other person performing any of the construction, or for the 
failure of any worker to casry out the construction in accordance with the Final construction 
drawings and specifications. 

Services performed by EM1 were conducted in a manner consistent with that level o f  care and 
skill ordinarily exercised by znelnbers of the profession currently practicing in the same locality 
under similar conditions. No other representation, expressed or implied, and 110 warranty or 
guarantee is included or intended. 







2.0 FIELD INVESTIGATION AND LABORATORY TESTING 

2.1 Existing Illformation 

The as-built Logs-of-Test-Borings (LOTBs) and available logs of soil borings and CPT 
soundings for existing Schuyler Heim Bridge (Bridge No. 53-2618) were reviewed as part of 
the preparation of this report. Existing subsurface information beneath the Schuyler Heiln 
Bridge is available from reports prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering 
Consultants, Jnc. (MAA, 1993) and Diaz-.Yourinan and Associates (DYA, 2000) for seismic 
retrofit of the existing Schuyler Heim Bridge, rehabilitation of the Badger Aven~~e  Bridge, and 
Henry Ford Avenue Grade Separation Project, respectively. From these three sources, copies of 
LO'TR sheets and logs of soil borings and CPT soundings are provided in Appendix B. 

2.2 Supplement Field Exploration 

A geotechnical field investigation was conducted by EM1 for the entire project between 
October and November, 2009 which included a total of eight hollow-stem auger borings, forty 
two rotary wash borings and thirty four CPT soundings. Of that exploration program, twenty 
nine land rotary wash borings, four over water rotary was11 borings, and twenty five land CPT 
soundings were performed in the vicinity of the Schuyler Heim Bridge. The pui-pose of the 
exploration was to log subsurface conditions and collect soil samples from locations near the 
proposed bridge supports. Soil boring and CPT sounding information are summarized in 
Table 1 and Table 2, respectively. Upon completion, the exploration locations were surveyed 
by Wagner Engineering & Survey, Inc. (WES) under a subcontract with EM1 using CA State 
Plane, NAI) 83 and NAVD 1988 coordinate system to establish the offsets and elevations. All 
NAD83 .values were obtained from the Caltrans District 7 Survey Request 94-156 whereas all 
NAVD 1988 valrles were either obtained from the Caltrans District 7 Survey Request 94-156 or 
the National Geodetic S~lrvey Benchmark Database. Approxiinate locations of borings and CPT 
soundiilgs peri'omed by EM1 for this project are shown on Figure 3 and on the LOTB sheets 
included at the end of the text. 







2.2.1 Soil Borings 

The soil borings were conducted on both land and water sides. The land borings surrounding 
the proposed bridge were perfornled at grade in the undeveloped area near or beneath the 
existing Schuyler Heim bridge structure. The over water borings were perfo~med in the Cerritos 
channel, east of the existing mainline structure. The deepest land boring penetrated down to 
about elevation -186 ft, approximately 186 ft below ground surface. The deepest ovelwater 
boring penetrated down to a b o ~ ~ t  elevation -236 ft, approximately 192 ft below mudline. 

2.2.1.1 Land Borings 

The borings were performed by C&L Drilling Co. (C&L) and SoCal Drilling Co. (SoCal), 
under a subcontract with EMI, using a t~uck-mo-unted drill rig equipped wit11 5-in diameter tri- 
cone drill bit and a mud-rotary circulation drill system. Subsurface soils and conditions were 
logged and samples of soils were collected for laboratory testing. Large bulk samples of near- 
surface soils were logged and collected. Smaller soil samples were collected from borings 
generally at 5 ft vertical intervals by means of split-spoon drive samplers; the Standard 
Penetration Test (SYT) sampler and the Modified California Drive (MCD) sampler were used 
to collect small disturbed and relatively undisturbed samples, respectively. The MCD is a split- 
barrel sampler with a tapered cutting tip and lined with a series of 1 inch tall brass rings. The 
SPT sampler (1.4 inch ID) and MCD sampler (2.4 inch ID, 3.25 inch OD) were driven using a 
140 pound h m m e ~  falling 30 inches down a total depth of 18 inches or until refusal. The 
blowcounts for the last ft of penetration were recorded on the boring logs. Soil samples were 
visually classified and logged in the field by EM1 personnel. 

2.2.6.2 Overwater Borings 

The overwater borings were performed by Gregg Drilling & Testing, Inc. (Gregg) under 
subcontract with EM1 to supplelnent the available geotechnical information. The overwater 
borings were drilled from a small drill s h p  "Quin Delta" operated by Gregg. The Quill Delta 
drill sl~ip, 1 I@ ft long and 28 ft wide, is a self propelled ocean-going vessel. It was specially 
engineered and designed with 80-ft spuds that can be used for stable anchoring in waters up to 
70-ft deep. The drilling vessel was maneuvered to the position over the testing location by 
using Digital Global Positioning System (DGPS). 

Borings were drilled to tip elevations ranging from about -222 ft to -236 ft using Mobile B- 
80122 mud rotqr drill rig equipped wit11 a 5.5 inches rotary wash bit. At each soil borings, soil 
samnples were collected generally at 5 ft vertical intervals by means of split-spoon drive 
samplers; the SPT sampler and the MCD sampler were used to collect small disturbed and 
relatively undisturbed samnples, respectively. Sampling intervals were increased as it advanced 
lo deeper deptl~s The MCD is a split-barrel sampler with a tapered cutting tip and lined with a 
series of 1 inch tall brass rings. The SPT sampler (1.4 inch ID) and MCD sampler (2.4 inch ID, 
3.0 inch ODj were driven using a 140 powld halmer falling 30 inches down a total depth of 18 
inches or until refusal. The blowcounts for the last fi of penetration were recorded on the boring 
logs, Soil sa~mples were visually classified and logged in the field by EM1 personnel. 



2.2.2 SPT Hainmer Energy Measurements 

As part of the field investigation, energy measurements were performed for the SPT hanuners 
used in various drill rigs during land and over water exploration at the subject site. The energy 
ineasurelnents at two land boring locations (designated as R-09-004 and R-09-009) were 
performed by EarthSpectives (ES) under a subcontract wit11 EM1 while at one overwater boring 
location (designated as WR-09-041) energy ~neasureinents were made by Gregg. Based on 
those measurements, the average hammer efficiencies were about 62 percent and 79 percent in 
the land borings performed C&L with rope and cat-head harmner and SoCal with automatic trip 
harnrner, respectively. The average harmner efficiency of about 85 percent was measured at the 
over water boring performed by Gregg with automatic trip hammer. A copy of these ES and 
Gregg repoi-ts are provided in Appendix C. 

2.2.3 Boring Geophysical Measurements 

Boring geophysical ineasurements were also collected by GeoVision Geopl~ysical Services 
(GeoVision) under a subcontract with EM1 in six uncased borings (designated as R-09-007, 
R-09-014, P--09-021, R-09-022, R-09-025, and R-09-028); to a maximum depth of about 160 ft. 
The purpose of the study was to supplement stratigraphic information obtained during soil 
investigation program and acquire compression (P) and shear (S) wave velocities as a function 
of depth. A copy of the GeoVision report is provided in Appendix D. 

2.2.4 CBT Soundings 

CPT soundings were also performed at grade in the undeveloped area near or beneath the 
existing the. existing Schuyler Heiin bridge structure. The deepest sounding was advanced 
down to approxiinate elevation -109 ft, approximately 106 ft below ground surface. 

The CPT soundings were perfo~med by Middle Earth Geo Testing, Inc. (Middle Earth) under 
subcontract with EMI. The CPT sounding was performed using an electronic cone 
penetrometer in general accordance with the c ~ ~ r e n t  ASTM Standards (ASTM D5778 and 
ASTM D3441). The CPT equipment consisted of a cone penetrometer assembly mounted at the 
end of a series of l~ollow sounding rods. The cone penetrometer assembly consisted o f  a conical 
tip with a 60" apex angle and a projected cross sectional area of 1.55 in2 (10 crn2) and a 
cylindrical friction sleeve with a surface area of 23.25 in2 (150 cm2). The interior o f  the cone 
penetrometer is instrumented with strain gauges that allow simultaneous measureinei~ts of cone 
tip and friction sleeve resistance during penetration. The cone penetrometer assembly is 
continuously pushed into the soil by a set of hydraulic rams at a standard rate of 0.79 inch per 
second (20 inm per second) while the cone tip resistance and sleeve friction resistance are 
recorded every 1.967 inches (50 mrn) and stored in digital form. A specially designed all wheel 
drive 25-ton truck provides the required reaction weight for pushing the cone assembly and is 
also used to transport and house the test equipment. The computer generated graphical logs 
include cone resistance, friction resistance, and friction ratio. Soil behavior type interpretations 
are based on guidelines by Robertson and Campanella (1 989). 



















3.0 GEOLOGY 

3.1 Physiography 

The Scl~uyler Heiln Bridge spans the Cerritos Channel in the Port of Long Beach. Like most of 
the shipping channels within the port, the Cel-ritos channel is a man-made chaiulel that was 
dredged i1.1to the former Wilmington Lagoon which was a coastal marshland with abundant 
tidal channels, estuaries, and small marshy islands. The site area is in the coastal area of San 
Pedro Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal 
plain bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on 
the nortlieast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the south 
(Figure 4). The western margin of the basin is open to the Pacific Ocean except for one 
prominent hill, the Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the 
north from San Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes 
fault zone (Schell, 2007). 

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along 
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet 
above the plain. The margins of the hills and inountains surrounding the basin are colnmonly 
elevated somewhat above the general level of these major plains by an apron o f  uplifted 
sediinents sucli as the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote 
Hills. 

The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills 
such as the nortliwesterly alignment of hills and mesas called the Newport-Inglewood 
Structural Zone-NISZ (Figure 4). The NISZ extends from the Newport Bay area on the soutli to 
the Beverly Hills area on the north, and is a result of geologically recent folding and earthquake 
fault displacements. The NISZ divides the basin floor into two major plains, Tlie Downey- 
Tustin Plain on the northeast and the Torrance plain (including the Long Beach Plain) on the 
southwest. The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5). 

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa h a  Rivers. 
These rivers enter the basin through valleys or canyons in the surrounding inountains such as 
Los Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the 
basin floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all 
minor tributaries in the Basin are confined within concrete-or rip-rap-lined cliannels but in the 
natural state they meandered back and forth across the Basin floor, commonly shifting outlets. 
For example, the ~ J O S  Angeles River at one time flowed westerly into Santa Monica Bay 
through Ballona gap and the San Gabriel River flowed into Willnington Lagoon which is now 
occupied by the Port of Los Angeles. At present, the Los Angeles River flows to the Port of 
Long Beach-Los Aigeles area. 

The floor of the Los Angeles Basin is directly underlain by unconsolidated Quaternary-age 
sandy sediments. These generally can be subdivided into loose unconsolidated Holocene-age 
sedilnents which cover the bulk of the basin, and the underlyiilg Pleistocene-age materials of 
the Lakewood and San Pedro formations which are only exposed in some of the uplifts of the 



NISZ and the inarginal plains. Hard roclts occur only in the mountains sui-rounding the basin 
and at depths ranging from a few thousand feet to as much as 30,000 feet in the deepest pai-t of 
the central Los Angeles Basin. 

Except for the Newpoi-t-Inglewood and the Palos Verdes fault zones, most surface geological 
faults sucll as the Santa Monica, Hollywood, and Whittier faults occur along the basin margins 
(Figure 4). In Addition to these lcnown surface faults, the Los Angeles region is underlain by 
buried t h s t  and reverse faults. These are poorly understood features with poorly lu~own 
locatio~ls and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which 
make up the Puente Hills blind thsust fault system, are examples (Figure 4). However, any large 
earthquakes associated with these subsurface features are most likely to originate at great 
depths (e.g. about 10 to 12 miles), and thus these should not impact the subject site 
significantly Inore than similar-sized earthquakes on the nearer Newport Inglewood or Palos 
Verdes faults. The 1987 Whittier earthquake occurred on one of these subsurface faults (either 
the Santa Fe Springs or the Coyote Hills faults) dipping northerly under the Repetto-Puente 
hills and the San Gabriel Valley northeast of the site. The 1994 Northridge earthquake occurred 
on a southerly dipping buried fault below the San Fernando Valley. 

3.2 Stratigraphy 

The project area is underlain by a sequence of geologic strata consistent with the general 
stratigraphy of the Los Angeles Basin. Table 5 is a regional stratigraphic and correlation chart 
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los 
Angeles area. Review of the borehole logs drilled for this project, along with existing boring 
logs from other geotechnical studies and froill published sources (e.g. Zielbauer, et al., 1962; 
Wright 1991; U.S. Geological Survey, 2007; Schell, 2007), indicates similar strata. 

The uppermost deposits of most significance to the project were deposited during the last ice 
age and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise in sea 
level was not constant but comprised several fluctuations. Interaction between the fluctuating 
sea level and sedimentary depositioil from inland streams resulted in a coinplex association of 
irregular and discontinuous beds and lenses of inarine and non-marine sedimentary strata. The 
major stratigraphic units underlying the project corridor are surmnarized below: 

1) The swficial strata consist of sandy alluvium deposited by streams of the Los Angeles 
River system flowing into the coastal marsh, near-shore-marine, and beach deposits 
along the coast during the past few thousand years (- past 5,000 to 7,000 years). These 
are about 20 to 30 feet thick. 

2) The surficial strata overlie early Holocene-age transgressive inarine silts and clays 
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These 
deposits occur at depths of about 25 1 5  to 70 110 feet and represent primarily marine 
sediments deposited during the later stages of the most recent rise in sea level that 
began about 15,000 to 20,000 years ago. However, these deposits conlmonly contain 
sand and fine gravel lenses deposited by seasonal river flooding during intermittent 
wetter periods and storms inland. 



3) These are underlain by the Gaspur Fornlation which is coarser grained sand and gravel 
inaterial deposited in a relict channel of the Los Aiigeles River that was cut when sea 
level was lower during the last ice age. As the climate warmed, sea level rose due to 
melting ice at the Polar ice caps and the shore line retreated inland. The Gaspur is about 
70 h10 feet to about 190 feet deep and consists of an upper primarily sandy unit and a 
deeper coarser sand and gravel unit. The gravels of the Gaspur channel extend far 
inland and comprise a inajor aquifer in the Los Angeles area. 

4) The Gaspur channel was cut into older Pleistocene material of the Laltewood Folmation 
which is about 160 to 300 thousand years old. The Laltewood is partially marine and 
partially non marine that was deposited during previous Pleistocene ice ages. Lakewood 
sediments were intei~nittently exposed to surficial weathering resulting in desiccation, 
oxidation, and soil-profile development. At the site, the Laltewood is about 190 feet to 
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Formation. 

5 )  The San Pedro Formation extends to about 1100 5-50 feet depth and comprises gently 
tilted marine silts and sands overlying the folded Tertiary-age marine deposits (Pico, 
Repetto, Fernando formations), and the ancient igneous and inetarnorphic basement 
rocks at a depth of about 10,000 feet. 

Units 1 through 3 were penetrated by many of the deeper on-land borings drilled for this 
investigation. Most of the recovered gravel and the sandy gravellgravelly sand samples are 
from the Gaspur Formation. The over-water borings generally penetrated deeper and extended 
through the Gaspur into the upper part of the Laltewood Fonnation. Other units of the 
stratigraphic succession (e.g. the Mesa and Pacific parts of the Laltewood Formation) are 
present in areas adjacent to the project area but were eroded away by the erosion that 
accompanied deposition of the Gaspur sediments and therefore are not important to the  project. 
Likewise, the San Pedro formation is deep below the site and is not important to the project. 

3.3 Geologic Structure 

The regional geological stnlcture was introduced above in the geological Setting. The project 
area is near the crest of the Wilrnington Anticline (Figure 5) which is a west-northwest trending 
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late 
Pleistocene strata (Laltewood Formation) form a thin veneer across the Wilmington fold and 
appear to be unaffected by the deeper folding and faulting. 

There are no linown active faults at the project site. The nearest major active faults are the 
Palos Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the 
northeast (Figure 5 and Figure 6). The Thums-I-Iuntington Beach fault is deep below the 
surface (Figure 6). This fault is a thrust fault dipping northeasterly at about 25-35 degrees. 
Some geoscieiitists suspect the fault is a potentially active blind thrust fault but higli-resolution 
geophysical data clearly show the fault does not displace sediments younger than 3 o r  4 million 
years old (Schell, 2007). F~uthermore, the fault displacement diminishes toward the northwest 
and is virtually nil under the project area (Figure 5 and Figure 6). 



TABLE 4. STRATIGRAPHY AND CORRELATION CHART, LONG BEACH 
AREA 

3.4 Seismicity 

The project site is in seislnically active southern California. The present-day seismotectonic 
stress field in the Los Angeles region is one of north-northeasterly compression. This is 
indicated by the geologic structures, by earthqualte focal-mechanism solutions, and b y  geodetic 
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measurements. These data suggest crustal shortening of between 5 and 9 inmdyr across the 
greater Los Angeles area (Argus et al., 1999). 

Historical eai-thqualte epicenter maps show widespread seismicity tlu-oughout the region. The 
larger earthquakes are shown on Figure 7. Earthq~lakes in the region occur primarily as loose 
clusters along the Newport-Inglewood Structural Zone, along the so~lthern margin of the Santa 
Monica Mountains, along the northern side of the San Fei~lando Valley, the southeill margin of 
the San Gabriel Mountains, and in the Coyote Hills-Puente Hills area. Although historical 
eai-thqualtes have occurred in proximity to known faults, they are often difficult to  directly 
associate with mapped faults unless there was a surface rupture or a robust sequence of 
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be 
correlated with known faults. Part of the correlation difficulty is due to the fact that the basin is 
underlain by the subsurface blind thrust faults that are not likely to be discovered until they 
rupture during an earthquake. 

The largest historical earthquakes in the region were the 1994 Noi-tluidge and the 1971 San 
Feinando earthqualte both of which occurred north of the Los Angeles Basin (Figure 7). T11e 
1994 earthquake had a moment magnitude (MW) of about 6.7 (MS = 6.8, ML = 6.4), and 
occurred on a southerly dipping subsurface fault which was unlulowil prior to the earthquake. 
The main shock occurred at a depth of about 12 miles below the community of Reseda in the 
Sm Fernando Valley. Earthquake aftershocks clearly defined the rupture surface dipping about 
35 degrees so~~therly from a depth of about 1 or 2 miles to 14 miles (Haultsson, 1995). The 
causative fault was never identified with certainty, but it may have been on the eastern 
extension of the Oakridge fault (Yeats and Huftile, 1995), a southerly dipping fault bounding 
the Ventwa Basin and dipping under the Santa Susana Mountains. 

The 1971 San Fernando earthquake was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the 
1994 event but did involve surface rupture. The 1971 event occurred on a ilortherly dipping 
tlmst fa~llt that dips from the northern side of the San Fernando Valley to a depth o f  about 9 
miles under the San Gabriel Mountains. Several mapped surface faults such as the Syl~nar fault, 
Tujunga fault, and Lakeview fault were involved. These faults are conmonly considered to be 
part of the Sierra Madre fault system which extends easterly along the southern margin of the 
San Gabriel Mountains fioin the San Fernando Valley to the north side of the Sail Gabriel 
Valley, and to the Cucamonga fault in the San Bernardino area. 

The largest historical earthquake in the Los Angeles region to have a major impact o n  the site 
area was the 1933 Long Beach event whch had a magnitude of about MW = 6.4 (ML = 6.3). 
This earthquake did not rupture the surface but is believed to have been associated with the 
Newpost-Inglewood Structural Zone because of the distribution of afiershoclts and the 
abundance of ground disturbances in proximity to the fault zone (Figure 7). Although ground 
failures were abundant along the NISZ trend, no unequivocal surface rupture was identified 
(Benioff, 1938). Reevaluation of the seismicity data by Haulcsson and Gross (1991) led to 
relocation of the 1933 earthquake hypocenter to a depth of about 6 miles below the Huntington 
Beach-Newport Beach city boundary. 



The 1987 Whittier eai-thqualce (ML = 5.9, MW = 5.9) occurred on subsurface fa~llts dipping 
under the Puente Hills to a b o ~ ~ t  10 miles beneath the Sail Gabriel Basin (Shaw and Shearer, 
1999; Shaw et al., 2002). This zone of faults is refelled to as the Puente Hills blind thrust fault 
system (Figure 4). This event did not rulpture the ground surface. 

Another significant earthquake in the Los Angeles region was the 1812 earthqualte wlzich 
caused damage at the San Juan Capistrano Mission. The location and magnitude of the 1812 
earthquake are unknown because of the sparse population at the time, but geological studies 
(Jacoby et al., 1988; Weldon et al., 2004) postulated that it did not occur in the Los Angeles 
Basin area, but rather, was a large (M> 7.0) distant event on the San Andreas fault in the 
Wrightwood area of the San Gabriel Mountains. 

The earliest documented earthq~lalte in the region was reported by the Spanish Pol-tola' 
expedition as they camped near the Santa Ana River in 1769. This event has been attributed by 
various geoscientists to just about every fault in the Los Angeles area but it could just as well 
have been a distant event that shook a wide area as did the 1971 San Fernando, the 1987 
Whittier, and the 1994 Northridge events, as well as many other more-distant events (for 
example, the 18 12 or 1992 Landers events). 

3.5 Geologic Hazards 

3.5.8 Surface Fault Rupture 

No surficial faults are lulown at the site, therefore the potential for ground supture due to 
faulting is negligible. The nearest major faults with a known potential for surface rupture are 
the Newport-.Inglewood zone to the northeast and the Palos Verdes Hill fault to the southwest 
(Figure 4 through Figure 6). 

3.5.2 Subsidence 

The ground surface in the Long Beach Harbor area has undergone substantial lowering during 
the 20th cent~lry due to subsidence of the sediments and roclts underlying the area. Some of this 
subsidence may have been due to natural causes (e.g. natural ground-water decline, sediment 
compaction, tectonics, 1933 Long Beach earthquake). Harris (1945) estimated natural 
subsidence of about half an inch per year. The principal cause of the subsidence has been 
attributed to withdrawal of oil aid gas (Allen, 1984; Strehle, 1987), but ground-water 
extraction undoubtedly contributed, perhaps 2 feet out of the 29 feet (7%), to the total 
subsidence 

Subsidence accelerated with development of the Wilmington oil field in 1936. The area of 
subsidence forms a circular or bowl-shaped area centered on the northeast corner o f  Terminal 
Island (Figure 8A). The maximum subsidence in the center of the subsidence bowl i s  about 29 
feet. Subsidence along the Heim Bridge project corridor in the western part of the subsidence 
bowl was about 14 feet (Figure 8A). The maximum rate of subsidence reached about 2.4 feet 
per year by 195 1. The subsidence was so great that diltes had to be built within the harbor area 



to prevent flooding by sea water. Some of the s~lbsided areas behind the dikes have recently 
been filled bringing the ground surface back to above sea level (- +15 feet). 

Subsidence was arrested by restoring pressure to the oil zones tluough injection of water into 
the oil wells. This has not only stopped subsidence but has resulted in soine rebound, and also 
has been of economic benefit by driving more oil to the producing wells. Initial injection began 
in 1953 but was not fully established until about 1958; by 1961 injection was widespread. 
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in 1958 
and reached a maximum by about 1964 with only minor fluctuations since. Maximum elevation 
rebound has been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet 
(Figure 813). 

The subsidence did not cause significant damage to most surface facilities but it did damage oil 
wells at about 1,500-2,000 feet depth, and induced several small earthquakes. In all, about 500 
wells were damaged. Some of the oil well casings were sheared off or so severely damaged that 
the wells had to be abandoned and redrilled. 

Mathematical calculations indicate that up to 66 feet of subsidence could occur if allowed to 
continue uncheclted. To prevent and control further subsidence, injection must be maintained 
even after cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department 
(LRGOD) surveys elevation changes twice a year, and monitors oil field fluid injection 
designed to collect elevation changes. The LBGOD estimates survey accuracy of about 0.24 
inches; areas are considered to be stable if elevation changes are less than that (Long Beach 
Gas and Oil Department, 2009). Bench marks rise and fall in a somewhat random manner that 
is not completely ~ulderstood but injections do seem to correct elevation changes. The 
correlation between iiljection and elevation rebound appears to be good, but it may take a few 
months to a year or so to be fully realized. 

There are 3 "index" bench marks near the Heiin Bridge; one at the north abutment and two 
more a little farther to the north. Several other bench marlts are scattered around the bridge 
area. Rased on measurements of these benchnarlts, it appears that subsidence of the Heim 
Bridge area has resumed since 1995 and total subsidence of about 2 feet has been observed in 
the Heim Bridge area since 1995. During the recent years, the annual subsidence rate seems to 
have decreased; Measurements were approximately 0.6 in. during the period between May 
2007 and April 2008 and about 0.2 in during the period between November 2008 and April 
2009 (LBGOD, 2009). 

3.5.3 Flooding 

The flood inundation map in the Los Angeles County safety element of the General Plan (1 990) 
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in 
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of 
when it is full, is quite small and it is difficult to imagine that a significant flood surge could be 
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and 
Los Angeles Basin; therefore, the potential for flooding of the site is considered low. 



3.5.4 Tsunami and Seiche 

Tsunanlis are sea waves generated by submarine earthquakes, landslides, and volcanic 
eruptions. Seiches are waves internal to an enclosed or highly restricted body of water that 
wash back and forth across the basin. Smaller tsunamis may be coinmoll but their sun-ups are 
no more than typical tidal fluctuations so they do not cause significant damage. Generally, 
damaging tsunamis are caused by submarine earthquakes with a magnitude of about 7 or larger. 

Most tsunanis to affect the Los Angeles-Long Beach harbor areas have been generated by 
distant earthqualces although California has had few locally generated, historic tsunan~is, 
namely the 18 12 Santa Barbara earthquake and the 1927 Point Asguello earthqualce. According 
to Houston (1979), the Los Angeles Harbor is within Tsunaini Zone 2 (out of 5 zones with 5 
being the worst) indicating a potential for water run-ups of 5 to 15 feet. 

California has been struck by several other significant tsunamis generated in the northern 
Pacific (for example, the 1946 Aleutian earthquake of Mw = 7.8 and 1964 Alaska event of Mw 
= 9.2); and in the southern Pacific (1922 Chile earthqualce of Mw = 8.4 and the 1960 Chile 
event of Mw = 9.5). The 1964 Alaska ea-thquake caused severe damage and 15 fatalities in 
northern California. In southern California, the most serious recorded tsunami was generated by 
the 1960 Chile earthquake. The greatest danlage occurred in the Long Beach-Los Angeles 
Harbor where 5-foot-high seiche waves surged back and forth in the channels. Currents of 12 
knots were reported as the water rose and fell rapidly. A 6-foot drop in water level occurred in 
1 minute at Long Beach and 3 foot drop in 5 minutes along the Cerritos Channel. The currents 
tore some 300 small boats and yachts from the slips and as many as 30 were sunk. Damage was 
estimated at between $500,000 to over $1,000,000. 

A comprehensive tsunami analysis for the ports of Long Beach and Los Angeles by Moffat & 
Nichol (2007) basically confirmed the tsunami hazard from distant events. The analysis 
included tsunamis generated by local sources such an eartl~quakes in the nearby offshore 
Southern California Continental Borderland, and by landslides off the Palos Verdes shelf. No 
tsunamis have been documented fiom such local events during historical times. These events 
are extremely rare with recurrence intervals up to about 10,000 years. The results of the 
analysis indicate that the maximum water level within the Cerritos channel near Heim bridge 
could be as high as about 11 feet. Current speeds should be less than about 3 ftlsec. 
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4.0 SUBSURFACE CONDITIONS 

4.1 Subsurface Conditions 

Soil stratigraphy is defined by the available soil infol~nation and the site-specific exploratory 
borings and CPT soundings, described in Section 2, performed under the supervision of EM1 
for the subject project. Within the depths explored (between approximate El. +13 ft and El. 
-236 Ft), the subsurface profile consists of about 75 ft to 85 ft  thick interlayered alluvial 
deposits overlying Gaspur Formation sand. 

Along the subject bridge site, natural grade varies between approximate El. 0 fi and -4 ft, with 
approach embankments for existing New Dock Street On- and Off-Ramps consisting of import 
fill extending to a maxlmn~~m elevation of about +15 ft. The near surface deposits generally 
consist of loose to medium silty sand to poorly graded sand with few interbedded fine-grained 
layers between natural grade and about elevation -25 ft to -35 ft. The near surface deposits are 
underlain by a thick strata of interbedded layers of soft to very stiff sandy silt, silt, silty clay, 
and clay materials and loose to dense silty sand to poorly graded sand with silt down to about 
elevation -75 ft to -85 ft. Below elevation -75 ft to -85 ft, lies the Gaspur Formation w l ~ i c l ~  
consists of dense to very dense poorly graded sand to silty sand within the depths explored. 

It should be noted that the above soil description is general and is intended to describe the 
subsurface in very broad terns. The soil descriptions above should not be construed to mean 
that the subsurface profile is uniform and that soil js homogeneous within the project area. For 
details o n  the stratigraphy at each boring and CPT sounding location, refer to the LOTB sheet 
at the end of' the text. 

4.2 Groundwater Conditions 

During the investigation by LKR (LKR, 1998) in 1996, Groundwater was recorded between El. 
-4 and -6 ft in bcrings. During the EM1 investigations in 2009, groundwater was recorded 
between El. t.2.3 ft and El. -12.3 f t  in twenty seven of the twenty nine site-specific borings 
performed along the proposed bridge alignment. The elevation that groundwater was 
encouiltered at ir, each boring is listed in Table 1 and also on LOTB sheets at the end of the 
text. However, due to the close proximity to the ocean, the ground water table at the project site 
is directly related tc tidal fluctuations. 

Based on the above information and the observed high water groundwater elevation at the 
Ceiritos Chantlel, the design groundwater was placed conservatively at El. +5 ft or the ground 
surface in locations where finished grade is proposed to be below El. +5 ft. 

4.3 idealized Soil Profile 

Based on information collected from thirty thee  site-specific soil borings and twenty nine CPT 
soundings listed in Table 1 and Table 2, an idealized soil profile for foundation analysis and 
design was developed along the proposed bridge alignment. The soil profile and design strength 
parameters are presented in Table 5 and shown grapl~ically in Figure 9. The cohesion values for 



clayey soils and shear strengtl~ parameters for sandy soils were estilxated using laboratory test 
data, correlation between field blow count and shear strength, and illteiyretatioli of CPT 
sounding tip resistance. 

TABLE 5. IDEALIZED SOIL PROFILES AND STRENGTH PARAMETERS 

I Approximate 
i Elevation : 

(ft) 
Predomina~it Soil Type 

Total Unit 
Weight 
(lb/ft3) 

Cohesion 
(I b/ft2) 

Friction 
Angle 

(degree) 

Abutment 1 (R-09-001 and R-09-002) I 
......... ......................... i - ............................................... "..J 

i 
j Grade to -20 SP, SP-SM, SC 1 120 i 100 32 1 

! 1 -20 to -30 i SP, SP-SM 

! -30to-50 , SM, ML 
3 ,  ! / -'jot0 -68 1 SP, SM, SC, ML i 120 1 100 j 36 1 

I Below -75 i SP, SP-SM, SM, GP-GM 1 125 / 0 / 38 / 
- -- 

Bent 2 (R-09-003 & CPT-09-070) 
".I-------,--------..--- - 1 

I 
/ Gradelo-15 1 SP, SP-SM i 120 i 100 1 32 / 
i.. L i - - - . - - -  , % 

SP, SP-SM i 120 100 1 34 
+-.- i --r.-.p-..---- g 4 

I 
SM, ML / 120 100 1 32 

- - - . 

CL-ML 1 120 1 2,250 0 
I - __-.L A i , 

SP, SP-SM i 120 1 100 1 36 
..... -...-----.--------r--.------.-.-..-------------------..--L --____.__.;...- 

1 -72 to -75 1 ML 1 120 1 3 , 0 0 0  0 1 1 i i ! +. -...--4 

SP, SP-SM, SM, GP-GM ' Below -75 I 1 125 0 / 38 1 i 
Bent 3 (R-09-004 & CPT-09-071) I 

/. ..... --- i 

SM 
! i Grade to -30 , 1 120 100 1 32 i 

i i 
ML / -30 to -47 1 i 

,... ... -. 
1 ! 120 / 100 1 30 1 
i-- ----A i a 

! -47 to -57 [ CL-ML 1 120 / 2,000 ( 0 I 
......... ; I-.----.------- - i 4 

SM ' I -57 to -68 1 120 1 0 1 36 1 I j , ............ fff - - ---- -- .fffff-+ --i...--i--i4 

/ -68 10 -.'75 i 
! CL, h a  i i 

1 120 ' 2,500 0 
;.. + i < 

i Beliiw -75 1 SP, SP-SM, SM ! 125 0 1 3 8  1 



TABLE 5. IDEALIZED SOIL PROFILES AND STRENGTH PARAMETERS 
(CONT.) 

Predominant Soil Type 

i Bent 4 (R-09-005 & R-09-006 and CPT-09-072 & CPT-09-073) 
i i Grade to -32 SM, SP-SM, SP 

ML, CL-ML 

SM, ML 
: 1 & $ 

I -62 to -75 ML, CL 1 120 1 2,000 , 0 
I- i & +--. 

! Below -75 SP, SP-SM, SW-SM, SM ( I 125 1 0 38 

i Bent 5 (R-09-007 & R-09-008 and CPT-09-074 & CPT-09-075) 
! i ! Grade to -42 1 SP, SM, ML j 120 1 100 1 32 

. . - . .  i + L--.-L- +. 

j -4% to -53 1 CL, ML 1 120 ' 1,000 , 0 
i 

-53 to -63 SM, ML 1 120 1 100 1 32 
i 

1 
I -63 to -75 i CL, ML / 120 3,000 0 
i Beiow -75 SP, SP-SM, SM 1 125 0 i 38 
! E --- i 

i Bent 6 (R-09-009 & CPT-09-076) 
I 
! Grade to -29 SM, SP-SM, SP 

ML, CL-ML, CH 
i -44 TO -58 CL, CL-ML 120 1 1,000 / 0 
i r L ---_--..L--,---,.-. 

i I / ' 

I -58 to -75 ML, CL-ML / 120 j 3,000 1 0 

Below -75 SP, SP-SM, SM 
1 

i Bent 7 (R-09-011 and CPT-09-064 & CPT-09-077) 

1 Grade to -13 1 SM, SP-SM / 120 1 1 0 0  1 32 
t L i 

1 1 
-13 to -19 SP-SM I 120 j 100 1 33 

i -19 lo -34. i SM, SP 120 100 1 30 
i 

1 
! -34 to -59 1 CL-ML, ML, CH 1 120 1 1,000 ' 0 

I Below -75 1 SP-SM, SM 



TABLE 5. IDEALIZED SOIL PROFILES AND STRENGTH PARAMETERS 
(CONT.) 

Predominant Soil Type 

: 

Bent 10 @-09-019 & CPT-09-082) 
.............. , -' r...-...-.,.--... , ............................. 

i 
Gradeto-16 1 I -i SM, ML i I (.. 

1 120 / 100 1 30 
..................... 

i i 
-16 to -30 1 ML 1 120 1 500 0 

i ! ........ : .... 
1 

-30 to -60 / ML, SM 1 120 1 100 32 
i i i ..... i 

-60 to -75 I CL-ML, CL, ML i 120 1 1,850 j o 
........................ ! !.---------.-.--.I ./ .; 

Below -75 i SP, SM / 125 I 0 1 38 , 
I 

-- -- -- ,- 
Bent 11 (R-09-020 & CPT-09-083) 

........... ---.: i I Gradeto-12 1 SM / 120 1 100 32 
.... i-.- 4 ! ...----__- ........... :. 

I I 
-12 to -32 1 ML, CL 1 120 / 500 i 0 I__ -..... -...____ iiiiiiiii 3 ......_......_......._ 

-32 to -52 1 SM, ML / 120 100 1 32 
. .......................... .... ........... 1 4 ..;. 

i 
-52 to -75 ML i I I20 ' 2,000 0 

....................... i i - 
5 I I Below -75 j SP, SP-SM, SM 1 125 1 0 ' 38 
i 



TABLE 5. IDEALIZED SOIL PROFILES AND STRENGTH PARAMETERS 
(CONT.) 

f j Total f I Approximate I 
I Unit / I Friction ( Cohesion 

. Elevation I Predominant Soil Type 
j / Weight (1b/ft2) I Angle I 

(ft) i I (lb/ft3) I 1 (degree) 1 
i Bent 12 (R-09-821 & CPT-09-084) 

1 -31to-41 / ML, CH 

I 1 -41to-50 i ML, CL 1 120 / 1,250 1 0 ,  
...... i .... i C - i 

SM i 120 1 100 
i 1 -50 to -56 / 

i 1 36 / 
. j ---; +i-iiiiiiii, -+ + 

! / -56 to -75 / CL, ML 1 1 2 0  1 3,000 1 0 1  

0 I Below -75 1 SP, SP-SM, SM 1 125 / 1 38 1 
j Bent 13 (WR-09-041) I 
i-- i 

CL, ML , 120 f 250 
i I 

! Mudline to -45 1 : o i  I 1 i -.j 
! CL, ML I 120 I 1,250 1 -45to-55 1 0 1  c 1 1 + . 

j ! -55 to -75 1 ML, CL-ML, CL , 120 j 2,500 1 0 ;  
: i 1 i i 

1 Below -75 1 SP, SP-SM, SW-SM, SM i 125 ! 
1 Bents 14 through Bent 16 (WR-09-042 through WR-09-044) i 
---. 

! Mudline to -55 1 CL, ML, CH 

CL, ML 1 120 ( 
I ML, CL, MH 1 120 1 2,500 i -70to -85 I 1 0 ;  

--i --- ! i 1-.------i 

1 Below -85 1 SP, SP-SM, SM, GW-GM, GP, GW 1 125 1 
; 
j Bent 17 (R-09-022 & CPT-09-085) , 
. - . - 1 .. 
I i , 
i Grade to -9 : SM / 120 1 100 i 32 1 
j-- J-.- -- 1 /------i 

i -21 to -38 ! 

SP-SM, SP i 120 1 100 I 
i- ; ; i 

I 33 , 
......... 

f ..38 to -48 i ML ' I20 800 & 1,000 1 0 / 
...................... .......... .--....... -- -----;--. ... -- 2 4 

! 
ML 1 -48to-56 j 1 120 1 1,000'& 1,250' 1 0 1 

.. !- j 1 iiiii ! i 
I 

CL, CL-ML 1 120 ! 
j Below -85 1 SP, SP-SM, SW-SM i 125 j 0 1 38 / 

i -.-.-.-.... ......... ..........-..-. .................................... . i .............. ............ i 

i ' At west side of Bent 17; ~t east side oJ'Benl 17. 



TABLE 5. IDEALIZED SOIL PROFILES AND STRENGTH PARAMETERS 
(CONT.) 

i Approximate j Total Unit 1 I PI-iction 
Predominant Soil Type i Cohesion I / Elevation , / Weight a Angle 

( ft) 
i (lb/ft2) I 1 i (]b/ft3) I I (degree) 

Bent 18 01-09-023 & CPT-09-086) 

i 
-1lt0-21 ML, MH 

........... ...... a + -.. i A-- 
I 

-21 to -40 SM, SP-SM ) 120 1 100 
. ..... i +- -+ :.- 

1 -40 to -51 , CL, CL-ML 1 120 1 800 j 0 
i - &. i... iiiii~i..ii...iii.i... 

i i -5lto-58 1 SM, SC 1 120 1 100 1 30 
1 .. &-.---" --.-! 
! 

-58 to -85 I ML, CL j 125 1 3 , 0 0 0  1 0 
i i / Below -85 1 SM, SW-SM / 125 ! 0 / 38 

i i I 

Bent 19 (R-09-024 & CPT-09-087) 
,-- ...... - 

1 Grade to -20 1 SM, ML 
I 1 i 
i -20 to -3 1 SM, ML 1 120 100 ( 30 

................. .-. j 4 - - --i \ 1 -3 1 to -37 1 ML 1 120 1 650 0 
c. ..... .- --: j- - 

i -37 to -47 1 ML / 120 1 100 1 30 

i 

/ i ............ -57 to -62 ..... -- j .. SM, ML 1 120 1 ! 100 1 33 . .  L r 

-62 to -85 i 
i ! * 

MI,, CL I 120 1 3,000 1 0 i ..--.-...... .-.,---.------- b 
i 

SP-SM, SW-SM 
1 

Below -85 1 1 125 1 0 j 38 

I Bent 20 (R-09-025 & CPT-09-088) 

/ Gradeto-17 1 SM, ML / 120 i 100 1 30 
! ........... ,--- : 

1 -17to-31 / SM, ML 1 120 1 100 1 32 
! 1 

-3lto-37 I SP-SM i 120 I 100 1 34 

-37 to -56 [ ML, SM 
'- -- - -i -- 

/ 120 I 100 32 
....... .... ....... i- -..-----4 i 

I 4 

-56 to -85 I ML, CL / 120 3 , 0 0 0  1 0 
..................-. - ! ._  

i / Below -85 i 
i 

SW-SM / 125 1 0 [ 38 
-- 



TABLE 5. IDEALIZED SOIL PROFILES AND STRENGTH PARAMETERS 
(CONT.) 

i 
j Approximate 1 
/ Elevation i 
i (ft) 1 

Predominant Soil Type 
1 Total Unit , 1 Friction 

1 Col~esion / / Weight i 
I (lb/ft2) 1 Angle f (lb/ft3) 1 I (degree) 

i Bent 21 03-09-026 & CPT-09-089) 

i Gradeto-17 1 SM, ML 
I 

, -17 to -26 1 ML / 120 1 500 
! - i 

-26 to -52 I ML / 120 1 1,250 
i L ..-.-..- - i 4 4 

I 
SM -52 to -68 1 1 120 1 100 1 36 

i i 
j j 
i -68 to -85 ML, CI, / 1 120 1 3,000 1 0 

j 2.- 

1 Below -85 : SW-SM, SP 1 1 2 5  1 0  1 3 8  i 

* 

Bent 22 01-09-027 & CPT-09-090) 
-- 

1 Gradeto-18 / SM, CL ! 120 / loo 30 
i.--- I + ! i 
i -1 8 to -32 

1 

, 

SM I 120 1 100 1 32 / 4 4 
I -32 to -40 SM, SP-SM / 120 / 100 1 36 
- -  j 

i 
: -40 to -57 f CL, ML, CH / 120 1,000 0 
, -........------. . - : - _ - _ - - . d _ - - _ - i _ _ _ _ _ _ _  

i 57 to -85 i SM 1 120 1 100 36 
3 _ _ - /  

/ Below -85 1 SM, SW-SM / 125 0 38 
, 
5 

- 
Bent 23 (R-09-028 & CPT-09-091) - , 

SM, ML / Gradeto-I6 1 / 120 1 100 1 30 
j " - -  

i 
ML -16t0-22 / 1 120 1 400 1 0 

I i i I 
I i -22 to -26 i -r SP / 120 1 100 , 34 

.---. 
I 

! -26to-30 I ML 1 120 / 100 / 30 
1-.. i -I___-- i 

i j -30 to -36 SP / 120 1 100 / 34 
i-- j i 

i 
-36 to -56 1 ML, CL / 120 1 100 32 L 1 L i 

i -56 to -85 1 SM, SP-SM I 120 1 100 / 36 
+-.i 

1 Below -85 1 SP, SP-SM / 125 i 0 1 38 !- - -- ! ' 
1 

i Bent 24 (R-09-029 & CPT-09-092) 
j-....-____ _- I . - - - - - - I - - . - - - - - - ~ _ . -  

I Grade to -4 , SM, CL I 120 100 ]-.-jr 
' + i _;d 

i i -4 to -16 
1 -- -..-- - ML, SM 1 120 / 100 1 30 

i ' + I--~--------- 
-16to-46 ! ML, SM / 120 : 100 ! 30 

-. -. -~ 

i CL, CL-ML -46 to -57 
i i / I 120 A 1 1,500 1 0 

i -57 to -85 1 SP-SM, SM i 120 f 100 1 36 i +..- J 
1 Below -85 / SM, SP-SM, SM f 125 ' 0 1 38 











5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Seismic Study 

A prelilninary seisniic evaluation was performed by EM1 in 2006 and included in the 
Preliminary Foundation Report (PFR) (EMI, 2006) based on the 2006 Seismic Design Criteria 
(SDC) (Caltrans, 2006d). 

LJsing the 2006 SDC, tllc PBA was deternlined based ox1 Caltrans Seismic Hazard Map 
(M~~alchin, 199Ga) and the artenuation relatiollship by Sadigh el a]., (1997), as required by 
Caltrans (200Ga). The controlling fault was found to be the Palos Verdes fault which is a strike- 
s!ip hul l  capable of generating a Maximuln Credible Earthqualte (MCE) of magnitude 7.0 and 
;I PBA of O.FiOg at the bridge sitc. 

The standasd ARS curve published in the 2006 SDC (Caltrans, 2006d) for this bridge site is 
shown on Figme B.8 for Soil Profile D (M = 7.25k0.25) and 0.6g. The standard ARS curve was 
lnodiiied to account for near-fault effects (a 20% increase of spectral accelerations for periods 
gleates tJ-~an 1 see., no increase for periods less than 0.5 sec., and linear interpolation between 
0.5 and 1 sec) per SDC Section 6.1.2.1. 

Figure 10 shows the secomnended modified design ARS curve wit11 coordinates as provided in 
the PFI! (EM], 2006). 

During bridge type selection, Caltrans conmented based on the PFR that due to the length of 
the proposed structure, a site specific ARS curve should be developed following completion of 
the project geotechrlxcal iuvesiigation. It is our understanding that following approval of bridge 
type selection, preliminary design of the bridge proceeded using the preliminary ARS cLuve in 
anticipation that the sitc specific ARS curve would be completed in the early stages of final 
design. 

As pad of the EM1 field invesrigalion described in Section 2, down-hole shear wave velocity 
measurements were talten in six of the rotary wash borings for the entire project along the 
n~ainiiue bridge alignment. tising ihe results of shear wave velocity measurements, a site 
specific ground motion sktdy was performed. 

Results nf the geotechnical field investigation c~ld  site specific ground motion study, following 
the procedures outiined in the latest Caltrans SDC (Caltrans, 2009) indicate that the preliminasy 
,4RS cunle sho~vl~ ir, Figure I 0  plots well above the site specific ARS cuive. Consequently, 
previously conducted analyses and design based on the preliminary seismic evaluation ARS 
curve are considered conservative and suitable for final design. The peak ground acceleration 
fo; the site was levised to 0.5 g based on the latest Calrrans SDC. The details of the ground 
motion study and the site specific AKS curve are summasized in a mernorarldu~~ prepared by 
EM1 arid are inclilded in Appendix F. 



Ground Rupture: No known active faults traverse the project area. The California Division of 
Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the proxin~ity of 
the site. Therefore, the risk of ground surface rupture and related hazards is considered low. 

5.2 Liquefaction Potential and Seismically-Induced Settlement 

The liquefaction potential of the saturated, granular materials below the water table was 
evaluated using the procedures outlined by Seed et al., (1 983) and updated by NCEER (1997) 
and Youd et a]., (2001). For liquefaction potential evaluation of clayey soils, the procedme 
outlined in Roulanger and Idriss (2006) was used. The seismically-induced soil settlemei~t was 
estirnated using the procedures o~~tlined by Toltimatsu and Seed (1987). As discussed in 
Section 4.2, the design groundwater was assunzed to be at the lower of elevation +5 ft  or the 
ground surface for the liquefaction analyses. 

Layers, pocltets, and, lenses of saturated coarse-grained alluvial deposits above the dense to 
very dense Gaspur Formation (located below approxilnate El. -75 ft) are expected to be 
susceptible to liquefaction. Seismically-induced settlements up to 12 inches are anticipated 
around the prqject area. The sumxary of liquefiable potential and the corresponding anticipated 
seismic settlements using cui-rent soil borings and CPT soundings are shown in Table 6 and 
Table 7, respectively. 1,ocations of potentially liquefiable material during the design earthqualte 
are also identified in the subs~lrface profile shown in Figure 9. 

5.3 Soil Corrosivity 

Samples representative of soils throughout the project area were tested to determine corrosivity 
including minimuin resisiiviry, pI-I, soluble sulfate content, and soluble chloride content. Thirty 
six soil samples were lested for corrosivity using the procedures described in California Test 
inethods 427, 422, 532, and 643. The pH was determined to range between 7.1 and 8.8, 
minimurn resistivities varied from 59 to 1,400 ohm-cm, soluble chloride contents were between 
I 35 and 13,130 parts per million (ppm), and soluble sulfate contents were between 57 and 
1,440 ppm. Results of all corrosion tests are provided in Table 8. 

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5 
or less, or the mininium resistivity is 1,000 olun-cm or less, or the chloride concentration is 500 
ppm 01 greater, or the sulfate concentration is 2,OOU ppm or greater. Based on the test results, 
the on-site soils are considered to be coi-sosive to concrete and bare metals. Appropriate 
colroslon measurw should be talcen for any concrete elements that will be in contact with site 
soils. 



TABLE 6. SUMMARY OF LIQUEFACTION ANALYSES USING CUIURENT 
SOIL BORINGS 

Approximate Elevations of j Approximate Total Seismically- 
Boring No. Liquefiable Zones I Induced Settlement 

I , (ft MLLW) (inches) 



Approximate Total Seismically- 
Induced Settlement 

(inches) 

Approximate Elevations of 
Liquefiable Zones i Boring No. 

(ft MLLW) 



TABLE 7. SUMMARY OF LIQUEFACTION ANALYSES USING CURRENT 
CPT SOUNDINGS 

Approximate Elevations of Approximate Total Seismically-Induced 
I CPT Sounding No. Liquefiable Zones Settlement 

(ft) (inches) 
1 -5.0 to -8.0 





CPT Sounding No. 
Approximate Elevations of 

Liquefiable Zones 
(ft) 

-7.6 to -16.0 
-17.7 to -22.2 
-26.8 to -29.4 
-33.0 to -35.0 
-46.3 to -47.8 
-56.4 to -61.8 

Approximate Total Seismically-Induced 
Settlement 

(inches) 



TABLE 8. SUMMARY OF CORROSION TEST RESULTS 

i / Sulfate I Chloride i 
Sample I Depth 

No. I (ft) pH Content i Content I 
/ (ppm) / (ppm) 1 

i R-09-Oxx - .Lalid Bori17g; and UT-09-Oxx - Over Water Boring 



5.4 Scour 

The proposed Scl~uyler Heiln Bridge crosses the Cerritos Chalmel between Bents 13 tlxough 
16. The Cerritos Channel at the subject site is a tidally influenced body of water that received a 
limited amount of stonnwater n~noff from Dominguez Channel. Based on the conclusions of 
Hydraulics and Scour Analyses in a Preliminary Report provided by URS (URS, 2010), a scour 
depth of 10 ft is recommended in the Cell-itos Channel. Therefore, scour is expected to be a 
design issue; the reconlmended scour depths of 10 ft and 5 ft were considered in axial pile 
capacity evaluations under strength and extreme limit conditions, respectively. 

5.5 Foundation Type 

Due to presence of the weak near-surface soils and the potential for seisinically-induced 
settlement throughout the site, spread footings are not considered feasible for support of the 
proposed structure. 

Site soils are conducive to either a driven or drilled pile foundation. Due to the presence of 
deep liquefiable layers, large diameter Cast-In-Drilled-Hole (CIDH) piles are better suited to 
resist the large lateral foundation demands than small diameter piles, and large diarneter piles 
are needed at bent locations to support the large axial pile demands. Based on the foundation 
loads provided by the designers, 10-ft diameter CIDH piles are recommended for bents located 
at the south side of the channel (Bents 2 through 12); 1 l-ft diameter CIDH piles are 
recommended for bents located within the chamel (Bents 13 tlxough 16); and 12-ft diameter 
CIDH piles are recornended for bents located at the north side of the channel (Bents 17 
through 24). At Abutment 1,2.5-ft diameter CIDH piles are recommended. 

Approximately 25-ft long permanent driven steel casings with 1 1 -ft inside diameter (ID) and 
13-fi ID are proposed from the pile cut-off at bents located south and north sides of the channel, 
respectively. For the channel bents (Bents 13 through 16), 12-ft ID permanent driven steel 
casings are proposed down to elevations between -65 ft and -95 ft. 

For the proposed bridge fender system at Bents 14 and 15, 18-inch diameter steel pipe piles 
(Galvanized NPS Schedule 80) are recommended. 

5.5.1 Axial Pile Capacity 

Per Caltranls policy, the Load and Resistant Factor Design (LRFD) method is used for bent 
piles and the Working Stress Deslgn (WSD) is used for abutment piles. The foundation design 
data sheet and factored foundation loads were estimated by the designers following the latest 
Caltrans Memo To Designers 3-1 (Caltrans, 2008), and are show11 in Table 9 and Table 10, 
respectively. 

Axial capacity of a single CIDH pile is estimated using the computer program SHAFT Version 
6.0 (Ensoft, 2007b). Axial capacities of permanent driven steel casings were calculated 
according to recollmendations by Tolnlinson (1 987) and API (2000). The calculated factored 
axial geotechnical capacities and pile tip elevations for each 30-inch diameter CIDH pile at the 
abutment and 1 O-ft, 1 l-ft, and 12-ft diameter CIDH piles at the bents are presented in Table 11 
and Table 12, respectively. For the extreme event limit case, negative skin friction due to 



seisnlic settlelnent was estimated using residual strengths for liquefiable soils based upon the 
method outlined in Seed and Harder (1990). The depth to the bottom of the liquefiable layer at 
each support was deternlined based upon the nearest boring and CPT soulldillg infol~nation. 
The Pile Data Table is provided in Table 13. For bent piles, a resistance factor of  0.7 was 
applied under strength lilllit collditioll per Caltrans LRFD guidelines. 

TABLE 9. FOUNDATION DESIGN DATA SHEET 



TABLE 10. FOUNDATION DESIGN LOADS 

Strength Limit State I Extreme Event Limit State ' I Service-I Limit State (lips) ! 
; (Controlling Group, ldps) I (Controlling Group, Icips) , 

-. 

....... 

Note: For bents with 1nol-e rhal7 one colu~nn, the 11igl7est colzt~nn/pile denim7d is listed in the ruble, as provided by the 1 
desieners. 



Since piles are tipped into the dense sandy soil layer, the lnaxilnuln pile-head settlernellt under 
Service-I Limit State loads is estimated to be less than %-inch at Abutment 1 and 1-inch at all 
bent supports. For axial loading, pile group effects can be neglected for a group of piles if the 
on-center spacing is equal to or greater than 4 times the pile width. At Abutment 1, where the 
on-centel- spacing is approxilnately 3.3 diameters in the transverse direction and 4 diameters in 
the longit~ldinal direction, an average group effect reduction factor of 0.9 was included in 
detel-lninjng the tip elevations shown in Table 11 and Table 13. For bents, since there are only 
siligle rows of piles and theis spacings varied between 2.5 and 5.0 diameters, group effect was 
uot considesccl in determining the tip elevations. 

TABLE f 1. FOUNDATION RECOMMENDATIONS FOR ABUTMENT 

I Notes: 

/ ( I )  Design tip elevations are coiltrolled by: (a) Compressioli, (b) Tension, (c) Settlement, and 
j jd) Latera': Load. 

1 (2) ?'he specified tip elevation shall not be; raised. 



TABLE 12. FOUNDATION RECOMMENDATIONS FOR BENTS 

(1) l)esig;? tip elevations are co~~trolied by: (a-Ij Ccmp~rssinn (Strength Lim~t), (b-I) Tension (Strength i 
Limit), (a-11) Compression (Extreme Evtnt), (b-11) Tension (Extreme Event), (c) Settlement, and 

! (d) Lateral Load. 

! (2) The specified tip elevation shall not be raised. 



TABLE 12. FOUNDATION RECOMMENDATIONS FOR BENTS (CONT.) 

! Notes: 

i ( i)  Design titi], elevalioils are controlleci by: (5-1) compression (Strength Limit), (b-Ij Tension (Strength I 
! 

Limit), (a-11) Co~npressioli (Extreme Everrt), (b-11) Tension (Extreme Eventj, (c) Settlement, and 
I (d) Lateral Load. 

1 (2) The specified tip elevation shall not be raised. 



TABLE 12. FOUNDA'TION RECOMMENDATIONS FOR BENTS (CONT.) 

( i )  Design tip elevations are controlied by: (a-I) Compressior! (Strength Limit), (b-I) Tension (Strength , 

!.irn~i), (a-11) Compression (Extreme Event), (h-11) Tension (Extreme Event), (c,) Settlement, and / 1 

(dj Lateral Load. 

i (2) T11e specified ti;, elevation shall not be raised. - ---- ---- 



Location 

.. -- .................................... .................. 

Pile Type 

I I 

!A . . + , I + ,  ~ ; u / L ~ ~ ~ > ! u I  Cut-off Elevation (ft) 
i ........... -- ? I -. ..... / I I 

: 1 I I /  
I I ,L I ; O M  &,L; I I 

$ ~ a ~ & - O ~ i d o ; O ~ ~ & $ P ~ : & & ~ ~  O P ~ / p P n P j p P , Q j w ~ n +  

n,GG 2 wn- I n n  - n y  n n a';:?~ a n  : ,yi^,o ? l a + . - . y  CIDH Design Tip Elevation (ft) e s ~ s / - , , ~ s  / - V ~ ~ ~ - V #  y , V  
" V V ,  y V /  V V I  V V !  ?F 

CIDH Specified Tip Elevation (ft) 

I i i I 6, 6, &J W j w i -  - i + I Steel Casing Specified Tip Elevation 

I i N I N l  2 w 1 y Steel Casing Nominal Driving 
8 X j o o o  ! 1 Resistance (kips) 

....................... . I .- i.....- -- . .............. ............ 



TABLE 13. PILE DATA TABLE 

Resistance (kips) 

; (2) 'The specified tip elevation shall not be raised. 



TABLE 13. PlLE Z1AT.A TABLE (CONT.) 

Location Pile 
TY pe 

I 

Nominal Driven 
Nominal I Resistance / Steel 

Resistance (Driven Steel , Casing 
(lti ps) 1 Casing) I Specified 

(]ups) Tip 
i Elevatio~l i 

Compr. Tension 1 Cornpr. 1 Tension 1 (If) 

CIDH Design 
Tip Elevation 

(ft) 

! I l f t  
Bent 15 1 I !0,350 0 , 1.,391) 0 -95 / -206 (a), -168 (c), 

i ClDH I i / &-142(d) 
i 11 fi ; 2 i 1 -189 (a), -154 (c), 

: 9,140 / 0 ; 760 I 0 -86 i Bent 16 1 CIL)H I & -133 (d) 
i ! 12ft i i 

Bent 17 i 7,670 f 0 i 210 1 -143 (a), -96 (c), 0 1 - 3 1  i 
: CIDH , : 

...... + - + + -- I & -84 (d) 
+ 4 

5 

: 12f-t 1 
Bent 18 7,380 1 0 250 0 i 

I -140 (a), -95 (c), 
; -31 i 

i CXDH j ! j ! &-83(d) 
! I i 

Bent 19 j 0 2 0 0  0 1 - 3 1  1 -13 8 (a), -9 1 (c), 
i CIDH 1 &-84(d) 

i 12ft / 
Bent 20 ; : 7,210 1 0 1 210 1 0 1 -31 j -137 (a), -84 (c), 

: ClDH j i I / & -83 (d) 
! ; -129 (a), -94 (c), ' 1 2 f l / f i , 6 2 0  0 3 3 0  , 0 , -31 Re'1t21 i 

C ~ D H  t I & -84 (d) 
i i ]2j3 1 

Bent 22 i , 
I - 134 (a), -,94 (c), 

: 6,700 1 0 i 210 1 6 -31 . / &-84(d) 

i 12ij i 1 -142 (a), -103 (c), 
Befir 23 JCIDI! 8,020 1 0 250 i 0 i , -31 : I & -8s (d) 

i 127-t fti i 1 

Rent 24 X,200 , 0 7-00 0 i -31 i , -148 (a), -101 (c), 
i CIDH I , 1 & -84 (d) 

I Steel 
CIDH I Casing 

Specified / Norninal 
Tip [ Driving 

Elevation ) Resistance 
(ft) / Required 

i (kips) 

(1) Design Tip Elevations are controlled by the following demands: (a) Compression, (b) Tension, (c) Settlement, and / 
(a) Lateral Load. 

( 2 )  The specified tip elevation shaH not be raised. 

Fender Piles:: Rased on die illfornation provided by Caltrans designers, steel pipe piles 
(Galvaniz.ed ?.IPS Schectule SO) with a diameter of 18-inch and a wall thiclcness of 0.9375-inch 
u-e recormeudrri for the proposed bridge fender system a1 Bents 14 and 15. Piles will be 
spaccd at 8-k cn center. Senrice axial demand of 14 kips was estimated fur the fcnder piles by 
the designers. Pile embedment of 20 diameters (i.e. 30 ft long piles) is recommend 
the rninlmum eml~edment d ~ ~ r i n g  lateral loading. 

5.5.1.1 Pile Load Test 

Bzst-d on the current scil invcstigarions, [he Crasp1.u Formaticrn which consists ~ i c  dense to very 
dense pooriy grade:l sand lo silty s:~l-td exists below aappr!)xirnate eieTval:ons :?f -75 f t  ti) -85 f 



tlxo~~ghout the project site. Much of the axial pile capacity is derived from the Gaspur 
Fonnatjon. We believe that the axial pile capacity evaluations are conservative since maximum 
end bearing contribution is limited to be about 20 percent of the ~lominal resistance. Due to tile 
large axial pile demands, the proposed pjles are very long. The total length of the large 
diameter CIDH piles proposed for the Heim Bridge is estimated to be niore than 14,000 linear 
feet and the foundation systeirl represents significant cost of the bridge. Therefore, it would be 
beneficial to perform one pile load test for the project and use data from the test to the design 
tip elevations to optimize pile lengths. In addition, the pile load test wo~lld also help t o  identify 
and minimize constnlctability related issues during pile installation. 

Based on our discussioils with Caltrans Foi~ndation Testing Branch, we understand that the pile 
load test ffilme that is owned by Caltrans is capable of testing piles to an axial load of up to 
8,000 lcips. We recommend that an axial static coinpression pile load test be perfonned by 
Caltrans on a 10-ft diameter C'TDH pile, at a 11011-production location before installatioll of any 
ploduction piles, within the Stage 1 footprint. The approxiinate location and configuration of 
the pile load test pile group ase shown in Figure 11 and Figure 12, respectively. The maximum 
compression load during the pile load test should be equal to 6,000 kips, the Nominal 
Resistance shown in the Pile Data Table (Table 14). However, the test pile should be loaded up 
to the maxini~~in frame capacity of about 8,000 kips or pile failure, whichever occurs first. In 
order to provide adequate tension capacity, the tip elevatioil for the 8-fi diameter anchor piles is 
estimated to be El. -129 fi. A conservative resistance factor of 0.6 was used in estimating the 
1 ension capacity ei-' anchor piles. 

TABLE 14. PILE DATA TABLE FOR PILE LOAD TEST 

, 8 

( I )  gesign 'liy Ficvaticns d l ~  controlled by the following demands: (a) Comprcssjon, (L?) Tension., 
jc; Sett!emeni. and (d) Latzral Load. I 

(21 The spec ifiec! tip elevarivn ~ilzll no': be raised. ! 

(3') The  test pile sliould be loaded up to 8.000 Itips or failure whichever occurs first. 



Based on the results of the pile load test, specified tip elevations should be revised. However, if 
the pile load recoinnlendations cannot be used to modify pile lengths during construction, we 
do not recommend performing the pile load test as the value added by the test would not justify 
the cost and time needed to perfonn the test. 

5.5.1.2 Potential Future Improvements by POLB 

As mentioned easlier in Section 1.2, POLB may raise the grade to El. +14.5 ft at north side of 
Cesritos Channel from Bents 17 through 23 for potential future Pier A improvements. If and 
when this improvement is impletnented, the compressible fine-grained soil layers that are 
present at tlie site are expected to undergo consolidation settlement, thus inducing downdrag 
force 011 piles approximately down to the depths of the compressible layers. The depths of the 
compressible fine-grained soil layers at each support vary and based on our preliminary 
analyses, piles at Bents 17 through 23 would have to be extended during cul-rent design by 
about 50 ft to 70 ft longer in order to accomnlodate the anticipated downdrag forces. In 
addition to the vertical downdrag forces, additional lateral loading is also anticipated on  piles at 
Bent 17 due to lateral movement of soils during a design earthqualte, as discussed i n  Section 
5.6.3. This effect also needs to be mitigated. 

Based on our preliminary cost estimates, improving the subsurface soils around the piles prior 
to placement of fill may be a Inore cost-effective option to mitigate the downdrag effects than 
extending the piles by about 50 ft to 70 ft. A suitable ground improvement method is discussed 
in as follows. 

Keep Soil Mixing 

The deep mixing method is an in situ soil lnixll~g teclmology that mixes existing soil with 
cementitious materials using mixing shafts coilsisting of auger cutting heads, discontinuous 
auger flights and mixing paddles. The soil-cement (or other binders) columns produced have a 
higher strength, less compressibility, and lower permeability than native soils. Two types of 
deep soil nlixing methods are considered. 

1. -Wet Soil Mixing: Wet soil mixing is the mechanical blending of the in situ soil with 
grout slui-ry using hollow stem paddle mixer. A revolving hollow shaft with mixing 
paddles is advanced into the soil. As the mixing tool is advanced, the cement grout is 
pumped tlvough the hollow stem of the revolving shaft and discharged laterally along 
the lower mixing paddle where it is mixed with native soil. The primary goal is to mix 
the soil and the cement grout. Tbe heading actisrl of the mixing tool blends the cement 
grout and the soil. When the design depth is reached, the tool is withdrawn maintaining 
the rotational speed of the mixing tool. 'The resulting soil-cement column will gain high 
strength with curing. Rebar can be installed if high bending or tensional capacities are 
required. Depending on the soil type, spoils generated may range fi-0120 to 4 0  percent 
of the improved volume. 

2. Dry Soil Mixing: D F ~  soil mixing is a similar process as of we! soil mixing except, 
instcad of cemenl grog1 slurry, dry binder agents are ir?jected directly into, and  mixed 



with the soil. The advantage of dry soil mix is that lninimum or no spoils are generated 
during the process. 

Depending on the cost, schedule, a~nount of spoils generated, one of the deep soil nlixjng 
lnethods car1 be chosen. A preliminary sketch of a ground improvement scheme around the pile 
using deep soil mixing method is show11 in Figure 13. Detailed soil investigation, laboratory 
testing, and ellgiiieering analyses with deep soil mixing method should be performed to  finalize 
the clilnension of the area and depth required tc be improved. If the proposed deep soil mixing 
is performed, kinematic loading effect due to the slope movcment on piles at Bent 17, as 
drscussed in Section 5.6.3, is expected to bt: minimized. 

5.5.2 Lateral Pile Capacity 

Abutment: Lateral pile capacity analyses were performed using the computer program LPILE - 
(Ensoft, 2007aj. The inten~ally generated p-y curves for sandy soils were estimated using the 
4PI criteria ( M I ,  2000) whereas the p-y curves for fine-grained soils were estimated using the 
method proposed by Matlock (Matlock, 1970). A group reduction factor of 0.82 was used in the 
analysis based on the pile layout provided by the designers and the procedures outlined in the 
Ensoft Gro~lp 7.0 software Teclmical Manual (Lnsoft, 2006). Under seismic conditions, 
liquefied. soils were modeled using a p-multiplier to degrade the static strength (Ashford et al., 
%008). File-head shear capacity and maximnun bending moment caused by lateral pile-head 
deflecrio~is for a fixed-head connection with the pile cap are provided in Table 15 and Table 16 
for the Service Limit State and ihe Extreme Event Limil State, respectively. The design tip 
elevations for lateral loading are given in Table 13. 

'The solutioils presented in Table 15 and Table 16 for the abutment are e~ltirely based on soil 
resistance and linear pile properties. Therefore, these values may be limited by structural 
capacity of the piles and other connection details. 

Bents: The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by EM1 
(EMI, 2006) based upon existing subsurface information available at the time that included a 
general description of the subsurface conditions beneath the proposed structure and eight 
idealized soil profiles along the proposed alignment. It is our understanding that following 
approval of bridge type selection, design soil springs (p-y curves) were generated b y  Caltrans 
elsing the idealized soil profiles provided in the PFR (EMI, 2006). The preliminary p-y curves 
were intcnded to be used ddring the initial stages of design until a project specific geotechnical 
field ii:vesf gatiol? was conducted and the bridge foundation report was prepared. 

Rased on thc current geoteelulical investigation and updated soil profile, an additional project 
specjfi c lateral pile analysis was also performed. Results from that analysis indicate that the p-y 
curves geliesated froin the soil profiles presenied in the PFR are suitable for use i n  the final 
design. The current results either generate a inore conservative lateral pile response t l ~ a n  the p-y 
curves developed by Caltrans based on the PFR, or a lateral pile response that is within an 
acceprable ciesigl~ tojerance. Details of the lateral pile analysis and a comparison between the 
preliminary and updated p->I 'curves are j~icluded in a memorandum prepared by EMT. The 
rnemorat~durri is includeci i~: A p ~ x ~ ~ d i x  (3'. The prelilnjliary p-y cui-iles generated from the soil 



profiles in the PFR which were deteilnined to be suitable for use in final design for the Bents 
are provided in Appendix H. 

TABLE 15. ABU'ITMENT 1,30-IN CIDH PILE "FIXED" HEAD SOLU'I['ION: 
SERVICE LIMIT STATE 

i 
/ Pile IIead Deflection (in) 1 Pile Head Shear (Iups) / Maximum Moment (kps-in) 1 

TABLE 16. ABUTMENT 1,30-IN CIDH PILE "FIXED" HEAD SOLUTION: 
EXTREME EVENT LIMIT STATE 

i / Pile Head Deflection (in) Pile Head Shear (kips) / Maximum Moment (kips-in) ! 
j 

t 

/ I )  Group effects considered with a redzrction factor of 0.82 on p '"zrsing Grozlp 7.0. 
i Z) I;ique$ed srrength parameters used in liqu<f;able soil Iuyers. 
! 
1 3) A crackedsectiolz nzodzllzrs of 50% of EI was used in the analysis. 8 

5.6 Slope Stability Analyses of Cerritos Channel under Existing Conditions 

It is importan: to evaluate the loading on the piles from earthquake induced lateral movement 
of Cerrilos Channel slopes. The stability evaluations of the existing channel slopes were 
performed for both static and pseudo-static conditions using the computer program SLIDE 5.0 
(P'ocscience, 2006). A section aiong the Cerritos channel was provided by the designers to 
evaluate thc stability clf existing channe! slopes at both south and north sides. The existing 
slopes o f  C'erritos Channcl zt sso~th side are app~oxilnately 2H:lV at the top 30 ft and 5H:lV at 
thc: bottom. Tile existi~g north side slope is approximately 2ET:lV, except the bottom portion of 
the slope which is about 10TJ:lV below El. -40 fi. As described in Section 1.2, on the north side 
of Cerritos Channel neaL- Bent 17, ground elevation varies in trarsverse (east-west) direction. 
On the west side, ground elevation is about -4 fi while on tlle east side, ground elevation is 
about t10  ft. Using the toyograpl-uc map provided, an additional sectiun at the east end of the 
xior:11 slop-. was developed aiong chis elevated area for stability evaluations The static soil 
parameters used iri the analyses are provided in 'Table 5. Strengths of' liquefjatde suiis were 
estit~l~ded wing the method oat l in~d in Seed and Iiarder (1 990). 



Slope stability analyses were conducted for the static and seislnic conditions. In accordance 
with Caltrans Guidelines (Caltrans, 2006e), stability analysis for the seismic condition was 
perfoililed using the pseudo-static approach with a seismic coefficient of 0.167; Caltrans 
guidelines require a seismic coefficient equal to one-third the peak horizontal acceleration 
(0.5 g, based on the site specific ground motion study, see Appendix F) but not exceeding 0.2. 

According to the results of the anaiyses and Caltrans guidelines, all the slopes meet the 
minimimi required factor-of-safety for deep-seated fiiilure of 1.5 for the static condition. 
IIowever, slopes do not meet the minimum required factor-of-safety of 1.1 for the seismic 
conditioil per Caltrans guidelines (Caltrans, 2006e). Tllerefore, lateral spreading/slope 
defoimation analyses were perfoilned as discussed in the following section. 

5.6.1 Lateral SpreadingISlope Deformation during Seismic Event 

The seismically-induced lateral slope displacements were determined from the Newmarlt 
sliding block procedure using the yield acceleration estimated from the pseudo-static analyses. 
In order to determine yield acceleration in pseudo-static analyses, an equivalent horizontal 
force is applied to the soil inass to represent earthquake-induced forces. 

Newmarlt displacelnents curves based on site-specific peak ground acceleration of 0.5 and a 
c:onservative peak ground velocity of 6OKrnax for Western United Soil (WUS) condition was 
obtained from TRR (2008). Using the curves and estimated critical yield acceleration from the 
pseudo-static analyses, lateral movements of the liquefied layers are estimated to b e  up to 8 
inches, 20 inches, and 36 inches for south slope, west end of nol-th slope, and east end of north 
sispe, respectively, under the design earthqualte event (Table 17). 

5h.2 Lateral Loading on Piles during Seismic Event 

Based 011 the slope stability analyses, the lateral slope movements are expected t o  impose 
loadings on the piles that are located within and near the channel slopes. The lateral loading 
conditions induce maximum moments in the lower regions of the piles. 

In order to determine the pile behavior under lateral soil loading conditions, lateral loading due 
to anticipated soil moveinerlt was imposed on the pile by pushing it with the soil springs (p-y 
curves). Based on the column-to-superstructure connection details, the maximum pile moments 
within the affected piles were estimated using both "hinge" and "cantilever" conditions at the 
column top: it is recommended that the average of the results from these conditions are used in 
design. The pushover analyses results are provided in Table 17. The distribution of moment and 
shcar within the piles were provided to the structusal designers for further evaluation. 



TABLE 17. SUMMARY OF LA'TERAL SOIL LOADING ANALYSES 

Rent 12 

Bent 13 

Bent j6 

i Calltilever / 15,292 1 -5 0 South Side of i 8 $.-- .. --- i i i 
I 

south en^ Slope I I Average of Hinged ! , 
and Cantilever 10,614 1 

i ; (Recommended) j 
i i i 

I 1 1 Hinged 8 5 -47 i ! 
: 

! i I 
Calltilever 137 / -4 5 

011 Southei~l Slope , 
I 
i 

i i 1 .i 
i I 

I Average of Hinged , j 
i i 111 i and Cai~tilever , 1 
1 (Recommended) f I 

On Noi-thenl Slope Negligible 1 - I 

I i Cantilever 3,067 j -40 I Bent 17- 1 North Side of I i.. - -. .- _. -- 
20 

I i , f West End i Northel-n Slope I Average ofHinged I 
I and Cantilever j 2,364 j - 
i ! 

i i (R.ecoinmended) I 
i ! 
i -------.--+- --- -- -4 

! ! 
j ! Hinged , 18,875 1 -3 6 

1 j i / ! 

i 41,398 1 -3 2 i Cantilever i i Beni: 17- I Nost11 Side of i +.. - 
3 6 

1 
i 1 Average of Hinged 1 East End 1 No,-tl1ei-n Slope I 

I 
! I / and Calltilever 1 30,136 1 

I (Recommended) I ! 

Ni~s: EIlnged co77dition (Monient = 0 & Deflectiorr = 0) and cantilever condition (Moment = O & ! 
8 

Shear = 0) werc used a1 colzann top. I 

5.6.3 Impact on Piles due to Potential Future Improvements by POLB 

As mentioned in Section 1.2, the existing grade at noi-tll side of Cerritos Chanllel fro111 Rents 17 
through 23 may be raised to El. +14.5 ft for potential Pier A filture improvemeiits b y  POLB. 
Based otl our prehminasy slope stability analyses and lateral deformation estimates, during a 
design earthq~lake, soils around piles ar Bent 17 are expected to impose significant loads on the 
piles 53s the f i i h ~ e  raised grade condition. The anticipated inaxil~lun pile inoilleilts a t  Bent 17 
coilltl he on the order of the ncjml~~al pile capscity u:lder these c.ondirioiis. Additional ground 
irr~provell-lent meamres may "n eczdetl near Elen1 17 to minimice zl~e :mpacr of lateral soil 
lct~dii~g on piles: ~ f '  the poleritial Pier A future i~nprovemeni is i~;l?leincnted. A n  area of 



subsurface soils, with the dimensions of about 200-It long in transverse direction and about 20- 
ft  wide in longitudinal direction, extending to a depth of about 60 ft may need to be improved 
using deep soil mixing. Detailed soil investigation, laboratory testing, and engineering analyses 
should be performed to develop a final soil ilnproveinent configuration. 

It should be noted that this ground improvement would be necessary only if the piles are 
lengthened by about 50 to 70 ft, as discussed in Section 5.5.1.2, to accolnmodate tlie anticipated 
downdrag forces due to potential future grade increase. 

5.7 Bridge Abutment Wall 

5.7.1 Earth Pressures 

-hi active earth pressure coefficient of 0.3 and a soil unit weiglit of 120 pcf are recommended 
for a level backfill. For cantilever retaining walls, a static active lateral earth pressure of 36 psf 
per ft of depth is recommended for a level bacldill. If lateral movement at the top of 
abutment walls is restrained, the lateral pressure distribution has a trapezoidal shape with a 
maximum lateral pressure of 28.8H psf between 0.2H from the top and bottom of  the wall, 
where H is the wall height in feet. An additional lateral unifonn pressure of 72 psf due to a 
traffic surcharge equivalent to a vertical pressure of 240 psf should be added to the above 
lateral earth pressure values, where applicable. The lateral active earth pressure resultant sl~ould 
be applied at H/3 ft above the bottom of tlie wall (H is the wall height in ft). Other design 
requirements are specified in Section 3.20 of the Caltrans Bridge Design Speciiications 
(Caltrans, 2004). 

5.7.2 Passive Resistance 

Under seismic loading, an ultimate passive earth pressure of 5 ltsf may be used for the approach 
baclcfill and abutinent walls with a height equal to or greater than 5.5 ft. For abutment walls 
with heights less than 5.5 ft, the maximum passive pressure may be calculated proportionally 
(e.g., for a 4 ft high wall, the maximum passive pressure is [4/5.5]x5 ksf = 3.6 ltsf). The 
horizontal movement at which the maximum passive pressure is expected to be fully mobilized 
can be determined following the procedure outlined in Section 7.8.1 of the Caltrans SDC 
(Caltrans, 2006d). 

5.8 Approach Embankments 

The proposed Schuyier Heirn Bridge (Replace) will generally have the same alignment as the 
existing structure at the southern end and is proposed to be realigned nortl~wards slightly to the 
east of the exisli:~g sti-ucture (Bridge No. 55-0333L). The southern approach embaa~lcruent at 
,4 butment I will be slightly elevated (i.e., LIP to 2 ft) and the crest of the existing enxbark~nent 
will be widened by about 13 ft eastwards. Up to 5 ft of fill atop the existing approach 
embaihncnt will be placed at the crest of thz prop~sed embankment. The abutment end slope 
will be graded at an inc1inat:on of 1.5H: 1 V wit11 full slope paving. The westell1 face of the 
southern approach embanknlent will be retained by a MSE wall (Retaining Wail No .  A l )  and 
the eastern slope o T  the embdrdcment will bs graded at an inclination of 2:l side slope. 



Recommendations for the Retaining Wall No. A1 and the southern approach embanlunent are 
addressed in a separate foundation report prepared by EM1 (EMI, 2010e). 

As mentioned in Section 1.2, the north end of the subject structure abuts northbound SR-103 
Off-Ramp structure (Bridge No. 53-3034K) and southbound SR-103 On-Ramp structure 
(Bridge No. 53-3035s) on the east and west sides, respectively. Therefore, no embarhnent fill 
will be placed at north end of the subject structure. Recommendations for these SR-103 Off- 
and On-Ramp structures are addressed in separate foundation reports prepared by EM1 (EMI, 
201 0a and EMI, 201 Ob). 

5.8.1 Static Settlement 

Standard procedures were used to evaluate ground settlement due to the proposed fill 
placement. Generally, fills induce immediate and consolidation settlement of underlying soils. 
Immediate settlement occurs during grading, or shortly thereafter and consolidation settlement 
occurs over varying time periods. Immediate settlement, which is estimated to be negligible in 
this case, while consolidation settlement (magnitude and time period) is directly related to the 
depth of fill placed over compressible soil and the thickness of compressible soil layers. 

A cross-section near the southern abutment (Abutment 1) at Sta. 4+27 ("A" Line) was selected 
to evaluate potential settlement beneath the proposed embankment. Based on cross-sections 
provided by URS, the future roadway profile is slightly elevated by about 2 ft and the width of 
the proposed embankment varies approximately between 120 ft and 150 ft. Since compressible 
fine-grained soil layers were not encountered near Abutment 1 during the current field 
investigation program, the soil profile developed at further south of Abutment 1, which consists 
of compressible fine-grained soil layers, is conservatively used for the settlement calculations 
near Abutment I .  Based on the existing approach embankment configuration and the proposed 
final embanlunent configuration, the total settlement of soils induced by the new embanlunent 
fill near Abutment is expected to be about 1.5 inches and will require a settlement period of 
about 6 weeks to reduce the long-term post-construction settlement to be less than %-inch. 

Utilities: As discussed in Section 1.2, four proposed RCP lines with diameters ranging from 18 
to 5 1 inches and one proposed 12-inch diameter VCP line are located on the north side of the 
Cerritos channel according to latest plans provided by the designers. If and when POLB raises 
the grade to El. +14.5 fi at north side of Cerritos Channel for potential future Pier A 
improvements, the compressible fine-grained soil layers that are present down to approximate 
Ei. -85 ft at the site are expected to undergo consoiidation settiement. Settlement below the 
utility line is not anticipated in the area where no future fill will be placed. Details of the 
settlement estimates and possible mitigation measures are provided in a separate memorandum. 

In addition, an existing 12-inch diameter high pressure gas line is located about 33 ft west of 
Abutment 1. The maximum settlement below the gas line is estimated to be less than 0.25 inch 
due to the proposed embankment fill. However, toward the south, this gas line is located to 
about 5 to 10 ft west of Retaining Wall Al .  The settlement recommendations for the southern 
portion of this gas line are addressed in the foundation report prepared Retaining Wall No. A1 
(EMI, 20 1 Oe). 



Settlement Monitoring Recommendations: Based on our past experience, calculated 
settlelnents and sel-tlernent periods are usually sipproximalions of' aciual field observations. Due 
to the variability of subsurface collditions and the thinly layered 1ia11:re of deposits, it is 
recommended that settlement monitoring be conducted at tile abutinellt. Surface settlement 
monuments, collstructed in accordance with Caltrans Standard Plan Sheet A74 or equivalent, 
should be placed near the proposed abutment location and two other points selected by the 
Engineer. The settlement rrionurnents should be installed in a timely manner upon colnpletion 
of emba~lkment construction. Special care should be exercised in the field to survey and protect 
these scl.tlemelz~ devices. The monuments should be monitored at the time of installation, on a 
weekly basis for a month, and tl~en once every 2 weeks thereafter until it has been verified by 
the Engineer that the remaining settlemel~t for the embarkment is acceptable. Settlement of the 
embadunent fill should be verified by the Engineer prior to installatioil of abutment piles to 
prevent a reduction i11 axial pile capacity due to downdrag loads being applied to the piles. The 
instaliaiion of abutment pile should not begin until the long-term residual settlement becomes 
%-inch or less. 

5.8.2 Bridge Abutment Global Stability 

'The "global" stability of the proposed approach embanluneilt for the subject bridge (Bridge No. 
55  -3032) Abutment 1 was evaluated for both static and pseudo-static conditions using t l ~ e  
computer program SLIDE 5.0 (Rocscience, 2006j. A cross-section near Abutment 1 at Sta. 
4-1-26 ('"' 1,ine) was selected to evaluate global slope stability of the proposed embankment. 
I h e  stabilicjr of the end slope at Abutment 1 was also analyzed. The global stability of the 
southernmost piut of the proposed embanlunent is addtessed in a separate foundation report 
prepared by EM1 jEhlT, 201 Oe). Strengths of liquefiable soils were estimated using the method 
ontlined in Seed and Harder ( I  990). The material used for the fill is assumed to have a fi-iction 
angle of 32 degrees and minimum cohesiorl of 200 psf. 

Slope stability- analyses were conducted for both static and seismic conditions. In the analyses, 
ttaffic loading was considered for only static condition by including a 2 ft sojl surcharge. In 
accordance with Caltrans Guidelines (2006e), stability analysis for the seismic conditioil was 
performed using the pseudo-static approach with a seismic coefficient of 0.167; Caltrans 
guidelines require a seismic coefficient equal to one-third the peak horizontal acceleration (0.5 
g, hased or, the site specific ground motion study, see Appendix F) but not exceeding 0.2. 

According to the results of the analyses and Caltrarls guidelines, the slopes meet the minimum 
reqilired factor-of-safety for deep-seated failure of' 1.5 for the static condition and 1.1 for the 
seismic condition per Caltrans guidelines (Caltrms, 2006e). 

5.9 'Tie-Down Anchors 

As inentjuned m Section 1.2, at the two hinge points where the proposed Schuyler Heim Bridge 
will abut the SK-47 Express7~-ay Ramps, the deck of the s~tbject bridge will have a row of tie- 
down anchors that will simulate the weight of the  SR-47 Expressway Ramps until they ar 
constr.rcted in fi1tulj-e. Each anchor i~ anticipated to be approximately 6-inches in diameter arid- 
75 ft in ler,$h with a service capacity of 175 kips. Per FHWA (199P), presumptive ultjm~te 
1r3r:si'i.r :,:a:ls for grmily-grouted a~~chors were usect jn the capacity calcnlations 



5.9.1 Un-Bonded Length 

T11e uii-bonded length (or "frec length") of the anchor is tlie pin-tioa ol'the anchor which is not 
grouted. The un- bonded portion of the anchor silould liave a minimmn length of' 15 fi In 
addition, the bonded portion of anchors should be set below any adjacent footings a minilnuin 
distance of 6 fi or 5 tirnes the diameter of the concrete anchors, wl~ichever is greater. 

5.9.2 Ronded Length 

The boildeii length of anchors is the poi-tion wllicl~ is grouted and provides the tensile resistance 
due to friction between the soil and concrete. The maximclrn allowable anchor load is computed 
by inilltiplying the surface asea of the grouted anchor (along the bonded length) by the ultimate 
transfer load and dividing by a factor of safety. The contractor is responsible for determining 
the bonded length oftlle anchors; however, the bonded length of the anchors should not be less 
than 30 ft. For the pul-poses of preliminary design of small diameter, straight shaft, gravity- 
grouted anchors in loose sand and low plasticity silt and clay, an ultimate unit bond strength of 
4.0 and 2.0 kipslft, respectively between the grouted anchor and soil may be used (FHWA, 
1999). A injnimum factor of safety of 2.0 for determining allowable load is recommended 
(FHWA, 1999). 

5.9.3 Anchor Spacing 

Tieback ancllors should not be spaced closer than three diameters of the bonded zone. The 
anchors should be located Lo maximize their distance from the proposed bridge piles. 
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Mw Dist, km PBA, g
7.25 2.7 0.6

Period Acc (g) Period Acc (g) Period Acc (g) Period Acc (g)

0.010 0.600 0.500 1.479 2.954 0.304
0.050 0.600 0.533 1.461 3.203 0.266
0.079 0.938 0.650 1.398 3.463 0.239
0.099 1.127 0.787 1.323 4.000 0.186
0.124 1.283 0.868 1.279
0.154 1.419 0.998 1.209
0.177 1.507 1.000 1.208
0.208 1.564 1.162 1.031
0.236 1.578 1.307 0.906
0.271 1.584 1.411 0.822
0.309 1.580 1.575 0.723
0.355 1.570 1.819 0.605
0.386 1.557 2.068 0.513
0.442 1.525 2.537 0.383
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6.0 CONSTRUCTION CONSIDERATIONS 

All work should be performed in accordance with the Caltrans Standard Specifications 
(Caltrans, 2006c) except as indicated in the Special Provisions prepared for the project 
improvements. 

6.1 Earthwork 

6.1.1 General 

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard 
Specifications (Caltrans, 2006~).  Appropriate measures should be taken to prevent damage to 
adjacent existing structures and utilities. Design and construction of temporary slopes or 
shoring should be made the contractor's responsibility. It should be noted that it is the 
responsibility of the contractor to oversee the safety of the worlters in the field during 
construction. The contractor shall conform to all applicable occupational safety and health 
standards, rules, regulations, and orders established by the State of California. In addition, other 
State, County, or Mwlicipal regulations may supersede the recommendations presented in this 
section. If a trench shoring design and safety plan is required, the geotechnical consultant 
should review the plan to confirm that recommendations presented in this report have been 
applied to the design. 

Heavy construction equipment should not be used immediately adjacent to shoring due to large 
lateral pressures induced by such equipment uilless the shoring is designed to accoinrnodate 
resulting pressures. Excavated soil or construction inaterials should not be stockpiled adjacent 
to shoring or open excavations. Stoclcpiled soil and construction inaterials should be set back a 
distance at least equal to the height of the excavation. 

In fill areas, con~plete removal of compressible surficial materials including vegetation, topsoil, 
loose or soft alluvium, and otherwise unsuitable material is required prior to fill placement. A 
minimum overexcavation of 12 inches is recormnended within all areas to receive compacted 
fiil; the overexcavation should extend horizontally a minimum distance of 2 ft from edges of 
new fills or structures. Actual depths and extent of the required removals should be determined 
in the field by qualified geotechnical personnel. Overexcavated areas should be cleaned of 
loose soils and debris and should be observed to be firm and unyielding before receiving fill. 
The bottom of the overexcavation should be scarified to a minimum depth of 8 inches, moisture 
conditioned to near optimum moisture, and compacted in place to a minimum 9 5  percent 
relative compaction. 

6.1.2 Cuts and Excavations 

Preliminary plans do not show any permanent cuts or excavatio~ls necessary to achieve finish 
grades. However, temporary cuts may be required in areas where drainage improvements and 
footings are proposed. Temporary excavations, including temporary shoring, necessary to 



coilstruct the bridge abutnlent footings or culvel-ts will need to be designed by the contractor for 
local and global stability, once the means and methods of construction are detelniined. 

6.1.3 Groundwater Control 

During the LKR investigations in 1996, groundwater was recorded between El. -4 ft and El. -6 
ft in borings. During the EM1 investigations in 2009, groundwater was recorded between 
El. +2.3 ft and El. -12.3 ft in twenty seven of the twenty nine site-specific borings perfolined 
along the proposed bridge alignment. The proposed footing bottom elevation at Abutment 1 is 
-1.75 ft. Due to the close proximity to the ocean where the ground water table at the project site 
is directly related to tidal fluctuations, hgher groundwater elevations than those encountered 
during the field investigation are likely; therefore, the coiltractor should be prepared to control 
groundwater during footing construction. Any groundwater encountered during footing 
coilstruction should be controlled in accordance with Section 19-3.04 of the Caltrans Standard 
Specifications (Caltrans, 2006~). Any seepage or groundwater removed from an excavation 
should be tested and disposed of in compliance with all applicable local, state and federal 
requirements. Free water should not be allowed to stand in any excavations. If excavations 
become flooded, at least the bottom 6 inches of soil should be removed and replaced or re- 
compacted to 95 percent relative compaction. Additional removals may be required at the 
discretion of the Engineer. 

6.2 CIDH Pile Construction 

Loose soils should be cleaned from the bottom of the borings. Pile borings should be inspected 
and approved by the geoteclmical engineer prior to the installation of reinforcement. Extreme 
care in drilling, placement of steel, and the pouring of concrete is essential to avoid excessive 
disturbance of pile boring walls. Concrete placement by pumping or tremie tube to the bottom 
of the pile borings is recommended. Specifications should require that sufficient space be 
provided in the pile reinforcing cage during fabrication to allow the insertion of a trelnie tube 
for concrete placement. 

The pile reinforcing cage should be installed and the concrete pumped immediately after 
drilling is completed. No boring should be drilled immediately adjacent to another pile until the 
concrete in the other pile has attained its initial set. 

During the EM1 investigations in 2009, groundwater was recorded between El. +2.3 ft and El. - 
12.3 ft  in the site-specific borings performed along the proposed bridge alignment. Actual 
groundwater elevatiol~ may be different during construction due to seasonal rainfall, surface 
runoff, and other man-made conditions. In addition, due to the close proximity to the ocean 
where the ground water table at the project site is directly related to tidal fluctuations, higher 
groundwater elevations than those encountered during the field investigation are likely. 
'Therefore, contractors should be prepared to use a "wet" method of construction. As a standard 
Caltrans practice for "wet" construction, PVC tubings must be installed within the 
reinforcement cage of the CIDH pile for gamma-ray testing. 

Pocltets and lenses of loose sandy material and very soft to soft fine-grained material were 
encountered in our soil borings and these materials are susceptible to caving. If caving occurs, a 



temporary casing may be required during construction. Casings sl~ould have an outer diameter 
equal to or exceeding the pile diameter. Temporary casing should be pulled as the concrete is 
being poured while always maintaining at least a 5 fi head of concrete inside the casing. 
Contractor can choose to use a "wet" method of construction to control caving. 

In the event that any boring becomes bell-shaped and cannot be advanced due to severe caving, 
all loose material should be removed from the bottom of the boring and the caved region filled 
with low strength sand-cement sl~ln-y. Drilling lnay continue when the slul-sy has reached its 
initial set. 

6.2.1 Permanent Steel Casing Installation 

As a result of recent design development, approximately 25-ft long permanent driven steel 
casings with 11 -ft inside diameter (ID) and 13-ft ID are proposed from the pile cut-off at bents 
located south and north sides of the channel, respectively. For the channel bents (Bents 13 
through 16), 12-ft ID permanent driven steel casings are proposed down to elevations between 
-76 ft and -95 ft. The specified tip elevations of peimanent steel casings for the bents are 
included in Table 13. These steel casings should be driven using impact hammers. Center 
Relief driving method is allowed, to a depth of no deeper than 5 ft above the final tip elevation 
of the casings, for installation of these steel casings. 

6.2.2 Bent 11 East Pile Installation 

As mentioned in Section 1.2, the proposed eastern pile at Bent 11 is located behind an existing 
MSE wall that has an approximate finished grade at El. +16 ft. Appropriate measures need to 
be taken by the contractor both to prevent any damages on the wall facings due to the driving of 
pile isolation casings and to strengthen the existing MSE wall, if necessary. Based on the 
information provided by the designers, we understand that the top layer of the wall strap will 
need to be exposed by excavating from the top of the wall before driving the pile isolation 
casings since it may pull the wall facing at the top. Below the top strap, the pile isolation casing 
is expected to be able to cut through the remaining straps without damaging the wall facing. 
Due to the presence of the pile isolation casing around the column, additional loading from the 
column on the existing MSE wall is expected to be negligible. 

6.3 Backdrain and Backfill Requirements for Abutment Walls 

Materials behind the abutment and wing walls should be low-expansive soil with an Expansion 
Index (El) less than 50 and Sand Equivalent (SE) of more than 20 as shown in Figure 14. The 
low-expansive material requirement should not supersede the structure backfill and pervious 
backfill requirements as described in Caltrans Standard Plans (Caltrans, 2006b) and Caltrans 
Standard Specifications (Caltrans, 2006c) under Sections 19-3.06 and 19-3.065, respectively. 

Bacltfill should be compacted in accordance with Section 19-5 of the Caltrans Standard 
Specifications (Caltrans, 2006~). Backfill should be placed in loose lifts not exceeding 8 inches 
in thickness, moisture-conditioned or dried to near optimum moisture content, and compacted 
to at least 95 percent relative compaction. The relative compaction should be based on the 
maximum density determined by California Test 21 6. Jetting or flooding to compact backfill is 



not recormnended. Heavy compaction equipment, such as vibratory rollers, dozers, or  loaders, 
should not be used adjacent to the abutment walls in order to avoid damaging the walls due to 
large lateral earth pressures. 

Bacltdrains should be installed behind abutment walls to relieve hydrostatic pressure. The 
baclcdrains sl~ould be constructed in accordance Caltrans Standard Plans (Caltrans, 2006b). 

6.4 Tie-Anchor Installation 

Drilled excavations for anchors are expected to be small in diameter (less than 12 inches) and 
should not be left open ovenlight. Excavation, anchor installation, and initial grouting of 
allchors should be performed within the same work-shift. Excavations for anchors are 
susceptible to collapse; therefore, holes may require casing. 

6.5 Review of Construction Plans 

Recormnendations contained herein are based on current design information. The geoteclmical 
consultant should review the final construction plans and specifications in order to confirm that 
the general intent of the recommendations contained in this report have been incorporated into 
the final construction documents. Recommendations presented in this report may require 
modificatioll or additional recommendations may be necessary based on the final design. 

6.6 Geotechnical Observation and Testing 

Qualified geoteclmical personnel should perform inspections and testing during the following 
stages of construction: 

Grading operations, including excavations and placement of compacted fill. 
Shoring installation. 
Footing excavations. 
CIDH pile construction. 
CIDH pile integrity testing. 
Backdrain installation and backfilling of bridge abutment walls. 
Removal or installation of support of buried utilities or structures. 
When any unusual subsurface conditions are enco~mtered. 
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APPENDIX B 

AS-BUILT LOTBS AND AVAILABLE LOGS OF BORING'S AND CPT SOUNDINGS 



L.K.R. GROUP, INC. (1988) 

"GEOTECHNICAL INESTIGATION FOR PS&E PHASE OF SEISMIC 

RETROFIT ANALYSIS, SCHUYLER HEIM BRIDGE (53-2618), 

LONG BEACH, CALIFORNIA" 















MAA ENGINEERING CONSULTANTS, INC. (1993) 

"FINAL GEOTECHNICAL REPORT, BADGER AVENUE BRIDGE REPLACEMENT, 

PORT OF LOS ANGELES, CALIFORNIA" 







BORINGS PEWORWlED BY DAMES 8 MOORE (1975) 

@ BORING LOCATION 
@ CPT LOCATION 



I UNIFIED SOIL CLASSIFICATION SYSTEM 

L r n E  OR NO 
COARSE FRACTION 

NO. 4 SIEVE SIZE 

SANDY SOILS 

s E n  AND CLAYEY SOILS 

LIQUID LIMIT LESS THAN 50 

S E ~  AND CLAYEY SOILS INORGANIC CLAYS OF HIGH 
PLASTICITY, OR FAT CLAYS 

1 SAMPLE TTPES: I I UNDISTURBED 

lm STAKDARD PENETRATION 

I WATER LEVEL 
- - 
- - - WATER INFLOW 

MM ENGINEERING CONSULTAKTS, M C  
LEGEND TO LOGS(A) 

360 hl h a d  Sbrrc. SuHa 102 
Lm At-qeh.  CA 90012 



PLASTICITY CHART - Used for Classification of Fine Grained Soils 

( 
I 

Liquid Limit 

BLOW COUNT - The number of  blows required to drive the indicated sampler the last 12 inches 
of an 18 inch drive. The notation 100/9 indicates only 9 inches of penetration were achieved 
in 100 blows. Hammer weights and drop heights are shown below: 

i 
Symbol Driving Weight 

(pounds) 

Drop Height 
(inches) 

30 

* = For Drill Hole BD- I ,  hammer weight and drop height is 320 pounds and 18 inches, respectively. I 
ADDITIONAL TESTS - I 
UC : Unconfined Compression WS : Wet Seive #200 
CD :Consolidated Drained HM :Hydrometer 
UU :Unconsolidated Undrained TX : Triaxial 
CU :Consolidated Undrained RS :Residual Strength 
R 3-Value SP : Specific Gravity 
AL :Atterberg Limits CP : Compaction 
SA :Seive Analysis CO : Consolidation 

DS : Direct Shear 

PM : Permeability 
EP : Expansion 
RES: Resistivity 
S : Swell 
CL : Chloride 
SU : Sulphate 

MM ENGMEERMG CONSULTAMS, mc. 
LEGEND TO LmS(B) 

f%d !kond Sbm. Suds 102 
La Ang.k.. CA 90012 



JOB NO.: 0033-003 LOG OF- DRILL HOLE 
DRKL HOLE NO.: ELI-5 

PROJECT: Hanry Ford Avenue Bridge - POLA LOGGED BY: HJ DRILLING DATE: June 11, 1989 

LOCATION: Port of Loa Angela. CBECXED BY: FC DATUM: MLLW 
DIULLINC MM?IOD: Rotary Warh REFERENCE EL.: 8 Feet 

HAA W G M m G  CONSULTANTS. INC. 
LOG OF DRlbL HOLE BL.1-5 

360 %cad S h m .  SUHI 102 
L- Ang.b. CA 90012 



JOB NO.: 00s-003 LOG OF DRILL HOLE DRILL HOLE NO.: B D - 1  
PROJECT: Henry Ford Avenue Bridge - POLA LOGGED BY: HJ/FS DRILLING DATE: Juna  12, 1989 

CHECKED BY: FC 

GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION 

d i n g  from low to medium plasticity. 

MAA ENGINEBUNG CONSULTANTS. INC 
360 EJSI Scad SM. Sun. 102 
L a  Angrk .  CA 90012 



MA.4 ENGINEERING CONSULTMS.  MC. 
360 Street. Sur~e 102 
L a  Ang.b.  CA 90012 



JOB NO.: 0033-005 
LOG OF DRILL HOLE 

D W L  HOLE NO.: BD-1  
PROJECT: Henry Ford Avanue Bridge - POLA LOGGED BY: HJ/FS D W L N G  DATE: June 12, 1989 
LOCATION: Port of Lo# Angelus CHECKED BY: FC DATUM: MLLW 

GEOTECHNICAL DESCRIPnON 

AND CLASSIFICATION 

M M  ENGINEERING CONSULTANTS. I N C  
360 Scad S m .  SuU. 102 
La An9l.r. C.4 90012 



LOG OF DRILL HOLE 
JOB NO.: 0033-003 DRILL HOLE NO.: BD-2 
PROJECT: Henry Ford Avenue Bridge - POLA LOGGED BY: HI DRILLLNG DATE: Juna 8, 1989 
LOCATION: Port of Lo* hngelea CRECKED BY: FC DATUM: MLL W 
DRILLING METHOD: Rotary Wash REFERENCE EL.: -30 Feet 

GEOTECWCAL DESCRIPTION 

AND CLASSIFICATION 

set caring down to EL.-40.0 feet. 

pruhed caing to EL.48.0 feet. 

grading Lo aandier. 

)LUA ENGLhlEERING CONSULTANTS. M C  
East k D n d  St-en. Suitm 102 

L a  Angek.  CA 40012 



JOB NO.: 0033-003 
LOG OF DRILL HOLE 

DRILL HOLE NO.: ED-1 
PROJECT: Hanry Ford Avanum Bridge - POLA LOGGED BY: HJ DRILLING DATE: June 8, 1989 
LOCATION: Port  of Lo# Angela CBECKED BY: FC DATUM: MLL W 
DRILLING METHOD: Rot- W u h  REFERENCE EL.: -30 Faat 

GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION 

B-inch layer of light gray, GFLAVEL (GP), very d e w .  
Brrding to SAND (SP M &{om. 
on*-fmt h e r  of SILdY CLAY (CL), blui~h m y ,  wet, .tiff. 

mtdiurn plartlcity. 
Clam SAND (SP), bluiah nay,  rat ,  very duum, grain sire up 

M M  MGmEERMG CONSULTANTS. MC 
3#) E a  *ad S t r m .  SuU. 102 
L a  A W .  CA 90012 
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GEOTECHMCAL DESCRIPTION 

AMD CLASSIFICATION 

MM LHGmEEmG CONSULTANTS. I N C  
LOG OF DRILL HOLE BL2-1(A) 

3M Errt *ad Sbwl. Sull. 102 
L a  A n p h .  GI 90012 

- -- 



I J O B  NO.: 0033-003 
LOG OF DRILL HOLE 

DRILL HOLE NO.: BLZ-I 

I PROJECT: Henry Ford Avanus Bridga - POLA LOGGED BY: HJ 
LOCATION: Por t  of Lo8 Angelem CRECKED BY: FC 
DRILLING METHOD: Rotary Wadh 

D FULLING DATE: June  10, 1989 
DATUM: MLLW 
REFERENCE EL.: I7 Feat 

GEOTECHNICAL DESCRIPTION 

AND CLASSIFICATION 

3% b t  k o n d  Strwrl. Sulle 102 
L a  Ang.l.1. CA 9D012 



JOB NO.: 0095-003 
LOG OF DRILL HOLE 

DRILL HOLE NO.: BLZ-1 

I PROJECT: Hanry Ford Avanua Bridga - POLA LOGGED BY: HJ 
LOCATION: Port of Lo* Angale* CHECKED BY: FC 
DRILLING METHOD: Rotary Wash 

DRnLING DATE: June  11, 1989 
DATUM: MLLW 
REFERENCE EL.: 13 Feat ,. 

I 

MM ENGINEERING CONSULTANTS. MC. 
LOG OF DRILL HOLE BL2-2(A) 

360 Eul Second Shm. Suite 102 
Lor Angekr. CA 40012 



JOB NO.: 0053-003 
LOG OF DRILL HOLE 

DRLLL HOLE NO.: BL2-2 
PROJECT: Henry Ford Avenue Bridge - P O W  LOGGED BY: HJ  
LOCATION: Port  of L o n  Angelan CHECKED BY: FC 
DRILLING METBOD: Rotary Warh 

DRILLING DATE: Juns 11, 1989 
DATUM: MLLW 
R E I E R E N C E  EL.: 13 Faat 





MAA ENGINEERING CONSULTANTS, INC. CONE PENETROMETER TEST 
360 Earl Second 51reo1. Sullo 102 
Lor Angsles. CA 90012 PROBE: CL-1 

I PROJECT NO. )0033-003  1 FIQURE NO, I A 1 - 1 4  



MAA ENGINEERING CONSULTANTS, INC. CONE PENETROMETER 'T 
3643 East Second Street. Suite 102 
L a  Angelen, CA 9W12 - 

I PROJECT NO. 10033-003 1 FIGURE NO. A 1 - 1 7  



MAA ENGINEERING CONSULTANTS, INC. 
360 East Second S~reel, Sulte 102 
Lor Angeles. C A  90012 

CONE PENETROMETER TEST 
PROBE: CD-1 



DIAZ-YOURMAN AND ASSOCIATES (2000) 

"REVISED GEOTECHNICAL DESIGN REPORT, NON-BRIDGE PORTIONS, 

HENRY FORD AVENUE GRADE SEPARATION, LOS ANGELES, CALIFORNIA" 



ALAMEDA CORR DOR SOUTH END 
LEGEND: 

HENRY FORD AVENUE GWDE SEPARATION 

r- SR-47' TERMINAL ISLAND FREEWAY 

RETAINING MSE WALL 
. . .  ROADWAY 

STRUCTURE 

- I  E M  SOlL BORING 
$- DY-I DYA SOlL BORING 
Q-Lc~ LAWICRAFIJDALL SOlL BORING 
-+MM-~-I MAA SOlL BORING 
@ u < ~ - c  LKR SOlLD BORING 
A GI CPT PERFORMED BY EM1 
A C P - 1  CPT PERFORMED BY DYA 

FIIGURE 5-1 SITE PLAN 



SOIL CLASSIFICATION SYSTEM-ASTM D2487 

CLEAN GRAVELS 
GRAVEL AND 

GRAVELS WITH 

GRAINED SOILS 
ARSE FRACTION 

CLAYEY GRAVELS. GRAVEL - SAND - CLAY MIXTURES 

MORE THAN 50% OF ILITTLE OR NO FINES1 

MATERIAL IS LARGER THAN 

NO. 200 SIEVE S l E  

MORE THAN 50% OF 

COARSE FRACTION 

LlOUlO LIMIT LESS 
FINE GRAINED 

MORE THAN SO% OF 

MATERIAL IS SMALLER 

THAN NO. 200 SIEVE SIZE AND LlOUlO LIMIT GREATER 

m Drive sampler (Modified California) with liner 

' Standard Penetration Test ISPT) Sampler 

Groundwater Surface - - 

RV = R-Value 

CA = Corrosion Analysis 

DS = Direct Shear 

SPT "N" = Total blow count for last 300  m m  of driving, set t o  100  C = Consolidation 
when refusal was met 

Equivalent SPT "N" = 0.5 * Drive sampler blow count for last 300  mm GS = Grain size 

NP = Non-plastic CM = Compaction Test 

EIT = Expansion Index Test 

KEY TO LOG OF BORINGS 

Henry Ford Avenue Grade Separation 
Project No. 165-07 

PLATE 



/BORINGCATION:  See Figure 5-1 1 ELEVATION AND DATUM Im): 5.0 MSL 

LOG OF BORING DY-I 8 
Page 1 of 3 
Henry Ford Avenue Grade Separation 

Project No. 1 65-07 

DRILLING EQUIPMENT: Mobile B-80 

BORING DIAMETER (cm): 10 

DATE STARTED: 12130197 

PLATE 

~ 2 4 '  

DRILLING METHOD: Rotary Wash 

BORING DEPTH (rn): 18.7 

DATE COMPLETED: 1 2130197 

( 



LOG OF BORING DY-I8 
Page 2 of 3 

Henry Ford Avenue Grade Separation 
Project No. 165-07 

PLATE 



LOG OF BORING DY-I8 
Page 3 o f  3 
Henry Ford Avenue Grade Separation 
Project No. 165-07 

PLATE 

B26  ' 



LOG OF BORING DY-I9 
Page 1 o f  3 
Henry Ford Avenue Grade Separation 
Project No. 165-07 

PLATE 

B27 



LOG OF BORING DY- I  9 
Page 2 of  3 

Henry Ford Avenue Grade Separation 

PLATE 

Project No. 165-07 



LOG OF BORING DY-I 9 
Page 3 o f  3 
Henry Ford Avenue Grade Separation 
Project No. 165-07 

PLATE 

B 2 9  



APPENDIX C 

SPT HAMMER ENERGY MEASUREMENT REPORT 



FOR LAND BORINGS BY EARTHSPECTIVES 



EARTHSPECTIVES 
250 Goddard Phone: (949) 777-1 270 
Irvine, California 92618 Fax: (949) 777-1 283 

EarthMechanic, Inc. 
17660 Newhope, Suite E 
Fountain Valley, California 92708 

November 12,2009 

Attention: Mr. Ranian Guneranian 

Dear Ranjan: 

SPT Hammer Energy Measurement 
Borings A-09-053, R-09-004, and R-09-009 
ACTA Schuyler Heim Bridge Replacement 
Long Beach, California 
ES Project No. 09095-141 

INTRODUCTION 

This letter report summarizes the results of EarthSpectives' (ES) SPT hammer energy measurements 

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It 

provides a description of the test program and results. 

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system 

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and 

6066 test standards. Results are summarized in Table I, while more details regarding energy records 

are provided in Appendix A. 

TESTING CONDITIONS 

Test Borings 
SPT hammer energy measurements were performed at three boring locations drilled by three different 

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R 

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ 

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal 

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig 

equipped with a Automatic trip hammer and HF2-518 drill rod, while C&L Drilling samplers were 

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made 

drill rod. 

Instrumentation 
SPT energy measurements were performed by placing a 2 ft instrumented section of drill rod at the top 

of the drill string between the hammer and the existing sampling rods. The instruments consist of two 

Geotechnical Specialty Engineering 



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view 

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during 

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The 

raw data were stored directly on a portable field computer for subsequent analysis in the office. 

RESULTS 

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy 

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred 

energy to rated energy of the hammer which is the product of the weight of the hammer times the 

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft). 

TABLE 1 -SUMMARY OF SPT HAMMER ENERGY MEASUREMTS 

AVERAGE SPT HAMMER EFFICIENCY 1 

SAMPLING DEPTH 
(FT) 

(ENERGY TRANSFER RATIO) 
BORING R-09-009 
C&L Drilling, Inc. 

Mud Rotary 
Rope and Cat-Head 

BORING A-09-053 
2R Drilling, Inc. 

Hollow Stem 
Automatic Trip hammer 

BORING R-09-004 
So Cal drilling, Inc. 

Mud Rotary 
Automatic Trip hammer 



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of 

blow number in Appendix A. Table immediately following the plot also provides the minimum, 

maximum, and average values at each sampling depth in addition to raw data. 

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an 

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall 

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall 

average of 62 percent for boring hole R-09-009. 

LIMITATIONS 

Professional judgments represented in this report are based on evaluations of the technical 

information gathered, our understanding of the proposed construction, and our general experience in 

the geotechnical field. We do not guarantee the performance of the project in any respect, only that 

our engineering work and judgments are rendered while striving to meet the standard of care of our 

profession at this time. 

CLOSURE 

It has been a pleasure serving you on this project and we look forward to working with you again. 

Please call if you have any questions. 

Sincerely Submitted for EarthSpectives 

Hossein K. Rashidi, Ph.D., P.E. 
Principal Engineer 
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P i l e :  A - 0 9 - 0 5 3  
I n f o :  HOLLOW STEM 

P r o j  : ACTA HEIM BRIDGE PROJECT P g l  
S P :  0 . 4 9 2  k / f t a 3  

AR : 1 . 2  i n A 2  WS: 1 6 8 0 8  f k / s  
LE: 5 6 . 0  f t  EM: 3 0 0 0 0  K S I  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  
ETR: E n e r g y  T r a n s f e r  R a t i o  
E2F:  UNDEFINED 
EF2:  E n e r g y  by F n 2  Method 
EV2 : UNDEFINED 

BPM: B l o w s  P e r  Minute 
CSX: Max Measured C - S t r e s s  
C S I :  Max F1 o r  F2  C - S t r e s s  
TSX: Max C o m p u t e d  T - S t r e s s  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - 
BL# d e p t h  T Y  EMX ETR E2F  EF2 EV2 BPM CSX CSI  TSX 
e n d  b l / f t  f t  K - f t  k I<- f  t bl/min l c s i  lcs i ks i 
1 4  5.00 AV 0 . 2 8  8 2 0 1 . 5 0  2 0 4  5 4 . 7  20 .OG 2 0 . 1 3  6 . 8 1  



Pile: A-09-053 
Info: HOLLOW STEM 

P r o j  : ACTA HEIM BRIDGE PROJECT Pg2 

COMMENTS 
JC = 0.70 
Sample at 5 ft 
Sample at 10 ft 
Sample at 15 ft 
Sample at 20 ft 
Sample at 25 ft 
Sample at 30 ft 
Sample at 35 ft 
Sample at 40 ft 
Sample at 45 ft 
Sample at 50 ft 

DRIVEN (2009-0ct-13 : A-09-053.MDF) 
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P i l e :  R - 0 9 - 0 0 4  P r o j :  ACTA HEIM BRIDGE PROJECT P g l  
I n f o :  MUD ROTARY S P :  0 . 4 9 2  k / f t n 3  
AR : 1 . 4  i n - 2  WS: 1 6 8 0 8  f t / s  
LE: 1 6 3 . 0  f t  EM: 3 0 0 0 0  KSI 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: Blows  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max M e a s u r e d  C - S t r e s s  
E2F:  UNDEFINED C S I :  Max F 1  o r  F2 C - S t r e s s  
EF2 :  E n e r g y  by F - 2  M e t h o d  TSX: Max C o m p u t e d  T - S t r e s s  
EV2 : UNDEFINED 
_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# d e p t h  TY EMX ETR E2F EF2 EV2 BPM CSX CSI  TSX 
end b l / f t  f t K - f t  % K - f t  b l /min  k s i  k s i  k s i  

1 2  1 0 . 0 0  AV 0 . 2 0  5 9  0  2 . 7 9  1 6 4  0 . 0  2 6 . 2 0  3 2 . 0 4  1 1 . 8 3  



Pile: R-09-004 
Info: MUD ROTARY 

Proj: ACTA HEIM BRIDGE PROJECT Pg2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end bl/ft ft K-f t % K-f t bl/rnin k s i  k s i  k s i  
575 5 135.00 AV 0.28 80 0 5.14 210 38.6 35.68 35.68 12.65 

MX 0.28 8 1 0 5.38 222 39.4 36.75 36.75 14.02 
MN 0.26 7 5 0 4.96 154 0.0 34.28 34.28 11.15 

COMMENTS 
JC = 0.70 
Sample at 30 ft 
Sample at 56 ft 
Sample at 80 ft 
Sample at 90 f t 
Sample at 105 ft 
Sample at 115 ft 
Sample at 125 ft 
Sample at 135 ft 
Sample at 145 ft 
Sample at 155 ft 

DRIVEN (2009-0ct-22 : R-09-004.MDF) 
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P i l e :  R - 0 9 - 0 0 9  P r o j :  ACTA HEIM BRIDGE PROJECT P g l  
I n f o :  MUD ROTARY- rope and cathead S P :  0 . 4 9 2  k / f t n 3  
AR : 1 . 4  113-2 WS: 1 6 8 0 8  f t / s  
LE :  1 6 5 . 0  ft EM: 3 0 0 0 0  KSI  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max Measured C - S t r e s s  
E2F : UNDEFINED C S I :  Max F 1  o r  F2 C - S t r e s s  
EF2 :  E n e r g y  by F A 2  Method TSX: Max C o m p u t e d  T - S t r e s s  
EV2 : UNDEFINED 
_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - -  

EL# d e p t h  TY EMX ETR E2F EF2 EV2 BPM CSX CSI  TSX 
end b l / f t  f t  K - f t  ?- K - f t  b l /min k s i  l c s i  k s i  

1 3 1 0 . 0 0  AV 0 . 2 0  5 5  0 2 . 1 0  0 2 4  .O 2 8 . 2 7  2 8 . 2 7  0 . O O  



P i l e :  R - 0 9 - 0 0 9  P r o j :  ACTA H E I M  BRIDGE PROJECT P g 2  
Info: MUD ROTARY- rope and c a t h e a d  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BL# d e p t h  T Y  EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end bl/ft f t  K-ft % K - f t  bl/min k s i  ksi ksi 
6 8 7  9 1 4 0 . 0 0  AV 0 . 2 4  6 8  0  3 . 0 1  2 3 6  3 4 . 8  2 3 . 3 1  2 3 . 3 1  2 . 7 9  

MX 0 . 3 0  8 0  0  3 . 6 9  3 0 3  3 8 . 8  2 8 . 0 9  2 8 . 0 9  5 . 5 9  
MN 0 . 1 8  5 1  0  0 . 0 0  1 3  0 . 0  3 . 8 0  3 . 8 0  0 . 4 7  

COMMENTS 
J C  = 0 . 7 0  
Sample a t  2 0  ft 
Sample at 6 0  ft 
Sample at 8 0  ft 
Sample a t  90 ft 
Sample at 1 0 0  f t  
Sample at 1 1 0  ft 
Sample at 1 2 0  ft 
Sample at 1.30 ft 
Sample at 1 4 0  ft 
Sample a t  1 5 5  ft 

DRIVEN ( 2 0 0 9 - 0 c t - 2 8  : R-09-009.MDF) 



FOR OVER WATER BORINGS BY GREGG 



GREGG DRILLING AND TESTING, INC. 
ENVIRONMENTAL AND GEOTECI-INICAL INVESTIGATION SERVICES 

Noveniber 10,2009 

Mr. Eric Brown 
Earth Meclia~iics 
17660 Newliope St., Suite E 
Fountain Valley, CA 92708 

Re: Standard Penetration Energy Measurelnents 
Automatic Hani~ner on B-80 Mud Rota~y Drill Rig 
Hei~n Bridge Investigation, 
Los Angeles, California 

Dear Mr. Brown, 

This report offers results of energy measurements and related calculations made on November 9, 2009 d ~ ~ r i ~ i g  
Standard Penetration Testing (SPT) on Gregg Drilling's B-80 mud rotary drill rig. Dynamic tests were performed 
on an instruniented section of NWJ drill rod attached to tlie sampler rod string. All dynamic ~iieasurenients were 
obtained and recorded using a Pile Driving ~ n a l ~ z e r @ .  

SPT energy nieasure~nents were made 011 SPT samplers driven by the hammer/anvil systeni on the Gregg Drilling B- 
80 drill rig on Noveniber 9, 2009. The rig was tested on tlie Quin Delta drilling ship for tlie Hei~n Bridge project 
investigation. In total, 11 energy measurements were collected corresponding to 11 different samples a t  increasing 
depth. 

Gregg used a Model PAIC Pile Driving Analyzer (PDA) to acquire and process measurements of force and velocity 
with evely impact of the automatic hatnnier on tlie sample rods. Two strain gauges mounted on a two foot section 
of NWJ rod measured force, while two piezoresistive accelerolneters bolted on tlie same rod measured acceleration. 
Tlie gauges were mounted approximately 6" from the top of the rod. 
Analog signals froni the gauges and accelerometers were collected, digitized, displayed in real-time, and stored by 
the PDA. Selected output from the PDA for each recorded impact of the hammer included: 

Maximum force in tlie rod (FMX) 
Maxiniuln velocity in tlie rod (VMX) 
Maximuni calculated transferred energy (EMX) 
Blows per minute (BPM) 
Energy transferred to the rods (ETR) 

Data and Calculations: 

Tlie purpose of testing was to measure tlie energy transferred from the han~nier to the drill rod and to ca lc~~la te  the 
energy efficiency of the hammer. The PDA measurenlents of force and velocity were reviewed after field testing 
and analyzed to calc~llate tlie transferred energy (EMX). 

Tlie maximum energy transferred past the gauge location, EMX, is computed by the PDA using force (F) and 
velocity (V) records as follows: 

IJ 

EMX = I. F(t) V(t) dt 

2726 Walnut Ave e Signal Hill, California 90755 e (562) 427-6899 0 FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO 0 I-IOUSTON 

w \ ~ w  srcogd~.illilie coi11 



GREGG DFULLING AND TESTING, INC. 
I ENVIRONMENTAL AND GEOTECHNICAL INVESTIGATION SERVICES 

The time "a" corresponds to the start of the record when the energy transfer begins and "b" is the time a t  which 
energy transfei~ed to the rod reaches a maxiniunl value. The energy transfei-red is defined as ETR, and is usually 
used to define the efficiency of the hammerlanvil system. 

Results: 

Table 1 su~nmarizes the average calculated energies for each sanlple tested as well as the type of sa~nple and depth. 
It is shown that the overall average (ETR) energy for this systenl is 86%. Appendix A provides plots and tables of 
PDA results for all hammer blows at each sampling depth. The plots and tables present selected measured and 
calculated results as a function of blow number. The results include: 

the blow nunlbei- 
0 depth 

BLC (blow count in blows per foot) 
FMX (maximum rod force) 

0 VMX (maximum rod velocity) 
EMX (m~xiinurn transferred energy) 

a BPM (blows per minute) 
ETR (energy transferred in percent of maximum) 

At the end of each table is a statistical evaluation of the results for each variable including the average, standard 
deviation, maximum, and what blow number this inaxilnum occurred. 

If you have any questions or com~nents on this report, please do not hesitate to call our office at (562) 427-6899. 

Sincerely, 

Kelly Cabal 
Engineer 

2726 Walnut Ave Q Signal Hill, California 90755 o (562) 427-6899 0 FAX (562) 427-3314 
OTHER OFFICES: SAN FRANCISCO 0 HOUSTON 

tv\\w.ereeedrilline.com 



I . 

Date: 
- .  
Rig: 

Earth Mechanics 
Heim Bridge 
1 111 012009 

B-80 on Quin Delta 

Average 85.5 

* Total rod length includes, sampler, rod, adaptors, and instrumented section below gauges 
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Gregg Drilling & Testing 
Case Method Results 

Page 1 of 1 
PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

Helm Br~dge - WR-09-041 @ 15' 1401b Auto Hammer 

** ft ** k-ft fls (%) 
1 0 00 0 0 0 0 3 11 0 79 9 
3 0 00 0 26 3 0 3 10 8 79 9 
4 0 00 0 26 6 0 3 11 5 81 8 
5 0 00 0 28 6 0 3 11 6 81 8 
6 0 00 0 29 8 0 3 11 4 82 7 
7 0 00 0 30 0 0 3 11 6 83 9 
8 0 00 0 30 9 0 3 11 6 82 9 

Std Dev 0 1 8  0 0 0 3 1 3  
Max~mum 0 31 0 0 3 11 6 83 9 
@ Blow# 7 9 7 5 7 

Total number of blows analyzed 9 

Tlme Summary 

Dr~ve 18 seconds 1447 38-  1447 56 (2009-01-19) BN 1 - 10 





Gregg Drilling & Testing 
Case Method Results 

Page 1 of 1 
PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

Heim Bridge - WR-09-041 @ 25' 
OP: catwell 
AR: 1.41 inA2 
LE: 77.00 f t  

1401b Auto Hammer 
Test date 19-Jan-2009 

SP 0492 kIft3 
EM 30.000 ksi 

ft ** ** k-ft f/s (%) 
1 0.00 0 0.0 0.3 10.7 81.9 
6 0.00 0 39.0 0.3 10.8 85.1 
7 0.00 0 38.9 0.3 11.7 88.0 
8 0.00 0 38.9 0.3 11.8 88.5 
9 0.00 0 38.8 0.3 11.4 85.6 

10 0.00 0 38.8 0.3 12.0 87.2 
11 0.00 0 38.8 0.3 11.4 86.1 
12 0.00 0 38.7 0.3 11.4 86.7 
13 0.00 0 38.8 0.3 11.7 86.8 
14 0.00 0 38.7 0.3 11.4 86.8 
15 0.00 0 38.7 0.3 11.7 86.8 
16 0.00 0 38.8 0.3 11.4 86.8 
17 0.00 0 38.9 0.3 11.4 86.4 
18 0.00 0 38.8 0.3 11.3 87.1 

Average 0 38.8 0.3 11.4 86.5 
Std. Dev. 0 0.1 0.0 0.3 1.5 
Maximum 0 39.0 0.3 12.0 88.5 
@ Blow# 8 6 8 10 8 

Total number of blows analyzed: 15 

Time Summary 
Drive 28 seconds 15:14:51 - 15:15:19 (2009-01-19) BN 1 - 19 
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Gregg Drilling & Testing 
Case Method Results 

Helm Br~dge - WR-09-041 @ 35' 
OP catwell 
AR 141  inA2 
LE 87 00 ft 
WS 16,807 9 f/s 
EFV, Energy of FV 
BPM Blows per Mlnute 
EMX Max Transferred Energy 
B L# depth 

ft 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 

Average 
Std Dev 
Max~mum 
@ Blow# 

Time Summary 
Drive 44 seconds 

EFV BPM 

Page 1 of 1 
PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

EMX 

0.1 0.0 
42.0 0.3 

18 7 
Total number of blows analyzed: 31 

1401b Auto Hammer 
Test date: 19-Jan-2009 

SP 0 492 k/ft3 
EM 30,000 ksi 
JC 0.35 

VMX. Maximum Velocltv 
ETR: Energy Transfer Ratio -. 

VMX ETR 



Gregg Drilling & Testing - Case Method Results 
PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 Test date: 19-Jan-20 

Heim Bridge - WR-09-041 @ 45' 

EFV (**) EMX (k-ft) ETR ((%)) 
Energy of FV Max Transferred Energy Energy Transfer Ratio 

0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0 25 50 75 10 

BPM (**) 
Blows per Minute 

VMX (fls) 
Maximum Velocity 



Gregg Drilling & Testing 
Case Method Results 

Heim Bridge - WR-09-041 @ 45' 

EMX Max Transferred Energy 
B L# depth 

f t  
3 0 00 
4 0 00 
5 0 00 
6 0 00 
7 0 00 
8 0 00 
9 0 00 

10 0 00 
11 0 00 
12 0 00 
13 0 00 
14 0 00 
15 0 00 
16 0 00 
17 0 00 
18 0 00 
19 0 00 
20 0 00 
21 0 00 
22 0 00 
23 0 00 
24 0 00 
25 0 00 
26 0 00 
27 0 00 
28 0 00 
29 0 00 
30 0 00 
3 1 0 00 
32 0 00 
33 0 00 
34 0 00 
35 0 00 
36 0 00 
37 0 00 
38 0 00 
39 0 00 
40 0 00 
4 1 0 00 
42 0 00 
43 0 00 
44 0 00 
45 0 00 
46 0 00 
47 0 00 
48 0 00 
49 0 00 
50 0 00 
5 1 0 00 
52 0 00 
53 0 00 
54 0 00 
55 0 00 
56 0 00 
57 0 00 
58 0 00 
59 0 00 
60 0 00 
6 1 0 00 
62 0 00 
63 0 00 
64 0 00 
65 0 00 
66 0 00 
67 0 00 
68 0 00 
69 0 00 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Page 1 of 2 
PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

1401b Auto Hammer 

EMX 
k-ft 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

Test date. 19-Jan-2009 
SP 0492 kIft3 
EM: 30,000 ksi 
JC. 0 35 

VMX: Maximum Velocity 
ETR: Energy Transfer Ratio 

VMX ETR 
f/s (%) 

10.8 83.6 
11 .I 86.3 
10.9 85.4 
10.9 84.9 
11.2 86.1 
11.3 86.6 
11.1 86.4 
11.1 84.5 
11 .I 85.6 
11 .O 84.3 
11.3 87.5 
11.1 86.2 
10.6 84.9 
11.3 86.1 
10.9 85.3 
11.1 86.4 
11.3 87.0 
11.4 86.8 
11.3 87.5 
11.3 86.9 
11.3 86.7 
11.1 85.2 
10.9 85.2 
11.2 86.8 
11.3 86.8 
10.9 85.2 
11.2 87.2 
11.2 86.9 
10.8 84.8 
11 .O 85.7 
11 .I 85.4 
11.0 86.3 
11.0 86.7 
10.9 84.8 
11.4 86.9 
11.3 87.0 
10.9 84.2 
11.2 87.3 
11 .O 85.7 
11.3 86.7 
11.4 86.5 
10.9 85.2 
11.2 87.2 
11.2 86.2 
11.2 86.7 
11 .I 85.2 
11.1 87.1 
11.2 86.1 
10.8 85.2 
10.9 86.1 
11.1 86.7 
10.7 85.1 
10.8 84.7 
10.9 85.0 
10.9 85.8 
10.8 85.5 
11.3 87.2 
10.9 86.4 
11.0 87.2 
11.0 86.6 
11.3 86.5 
10.8 86.0 
11 .O 86.5 
10.8 85.6 
10.8 85.4 
10.9 85.5 
10.9 85.7 



Gregg Drilling & Testing 
Case Method Results 

Page 2 of 2 
PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

Heim Bridge - WR-09-041 @ 45' 
OP. catwell 
B L# death 

ft 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Average 
Std. Dev. 
Maximum 
@ Blow# 

Time Summary 
Drive 2 minutes 36 seconds 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

13 

** k-ft 
42.2 0.3 
42.0 0.3 
42.3 0.3 
42.2 0.3 
42.3 0.3 
42.2 0.3 
42.3 0.3 
42.3 0.3 
42.3 0.3 
42.1 0.3 
42.2 0.3 
41.9 0.3 
41.9 0.3 
42.0 0.3 
42.2 0.3 
42.2 0.3 
42.2 0.3 
42.2 0.3 
42.1 0.3 
42.1 0.3 
42.1 0.3 
42.2 0.3 
42.2 0.3 
42.1 0.3 
42.1 0.3 
42.0 0.3 
42.0 0.3 
42.1 0.3 
42.3 0.3 
42.2 0.3 
42.2 0.3 
42.1 0.3 
42.3 0.3 
42.3 0.3 
42.2 0.3 
42.0 0.3 
42.1 0.3 
42.0 0.3 
42.1 0.3 
42.1 0.3 
42.2 0.3 

0.1 0.0 
42.5 0.3 

5 13 
Total number of blows analyzed: 11 0 

1401b Auto Hammer 
Test date: 19-Jan-2009 

VMX ETR 
fls ("/.I 

10.7 84.4 
11 .O 86.3 
11.0 86.0 
11.3 87.4 
10.8 85.6 
10.7 84.4 
10.8 85.7 
10.6 84.7 
10.7 85.2 
10.8 84.9 
10.9 86.5 
10.6 85.0 
10.7 85.2 
10.7 85.3 
10.8 86.1 
10.7 84.0 
10.9 85.7 
10.5 84.2 
11 .O 85.5 
10.9 84.9 
10.6 85.0 
10.3 83.8 
10.6 84.6 
10.6 83.7 
10.9 85.7 
10.5 83.9 
10.6 84.6 
10.6 85.0 
10.6 85.5 
10.9 85.8 
11.0 86.5 
11 .O 86.5 
10.7 85.5 
10.7 85.8 
10.4 84.5 
10.9 86.1 
10.7 85.3 
10.7 84.4 
10.8 85.9 
10.5 84.4 
10.7 85.6 
10.6 86.2 

0.3 0.9 
11.4 87.5 

37 2 1 



PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

EFV (**) 
Energy of FV 

0.0 0.1 0.2 0.3 0.4 

BPM (**) - 
Blows per Minute 

Gregg Drilling &Testing - Case Method Results 

Heim Bridge - WR-09-041 @ 55' 

EMX (k-ft) 
Max Transferred Energy 

0.0 0.1 0.2 0.3 0.4 

0 5 10 15 20 

VMX (fls) 
Maximum Velocity 

Test date: 19-Jan-2C 

ETR ((%)) 
Energy Transfer Ratio 

0 25 50 75 10 



Gregg Drilling & Testing 
Case Method Results 

Heim Bridge - WR-09-041 @ 55' 

B L# depth 
f t  

1 0.00 
2 0.00 
3 0.00 
4 0.00 
5 0.00 
6 0.00 
7 0.00 
8 0.00 
9 0.00 

10 0.00 
11 0.00 
12 0.00 
13 0.00 
14 0.00 
15 0.00 
16 0.00 
17 0.00 
18 0.00 
19 0.00 
20 0.00 
2 1 0.00 
22 0.00 
23 0.00 
24 0.00 
25 0.00 
26 0.00 
27 0.00 
28 0.00 
29 0.00 
30 0.00 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

BPM 
** 

0.0 
41.6 
41.8 
41.7 
41.5 
41.5 
41.4 
41.4 
41.3 
41.4 
41.4 
41.6 
41.5 
41.4 
41.4 
41.5 
41.5 
41.5 
41.5 
41.5 
41.6 
41.6 
41.4 
41.3 
41.2 
41.3 
41.3 
41.5 
41.5 
41.4 
41.6 
41.5 
41.5 
41.6 
41.6 
41.5 
41.6 
41.4 
41.5 
41.4 
41.5 
41.5 
41.5 
41.6 
41.6 
41.6 
41.7 
41.6 
41.6 
41.6 
41.6 
41.4 
41.5 
41.5 
41.4 
41.5 
41.8 
41.6 
41.7 
41.7 
41.7 
41.6 
41.7 
41.7 
41.7 
41.5 
41.5 

Page 1 of 2 
PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

1401b Auto Hammer 

EMX VMX ETR 
k- ft f/s (%) 
0.3 10.8 86.8 
0.3 11.6 89.3 
0.3 11.6 89.8 
0.3 11.6 88.7 
0.3 11.1 87.9 
0.3 11.5 86.7 
0.3 11.1 86.4 
0.3 11.3 85.7 
0.3 10.9 85.1 
0.3 10.9 85.1 
0.3 10.9 85.5 
0.3 11 .O 86.4 
0.3 10.9 85.2 
0.3 10.9 86.6 
0.3 10.6 84.8 
0.3 10.9 86.3 
0.3 11 .O 85.9 
0.3 10.7 85.9 
0.3 10.8 84.7 
0.3 10.9 86.5 
0.3 10.8 86.1 
0.3 11.1 85.6 
0.3 10.8 84.7 
0.3 10.8 86.1 
0.3 11.2 87.2 
0.3 11.1 86.4 
0.3 11.0 86.2 
0.3 11.1 86.1 
0.3 11 .I 86.1 
0.3 11.2 87.3 
0.3 11 .O 86.0 
0.3 11 .O 85.9 
0.3 11.2 86.3 
0.3 11.5 86.5 
0.3 11.0 85.9 
0.3 11.6 88.3 
0.3 11.4 86.7 
0.3 11.1 85.1 
0.3 10.9 85.6 
0.3 11.2 86.1 
0.3 11.3 87.0 
0.3 11.0 85.2 
0.3 11.4 87.6 
0.3 11.3 86.9 
0.3 11 .O 85.4 
0.3 11.3 87.8 
0.3 11.3 86.4 
0.3 11.1 85.6 
0.3 11.8 86.9 
0.3 11.2 85.3 
0.3 11.0 85.7 
0.3 11.0 84.7 
0.3 11.1 85.4 
0.3 11.0 85.3 
0.3 11.1 86.1 
0.3 11.1 86.1 
0.3 11 .I 87.3 
0.3 11.0 84.8 
0.3 11.1 85.1 
0.3 11.0 84.9 
0.3 11.0 85.2 
0.3 11.2 85.5 
0.3 11.2 85.6 
0.3 11 .I 86.0 
0.3 11.1 85.2 
0.3 11 .I 84.9 
0.3 11 .O 85.4 



Gregg Drilling & Testing 
Case Method Results 

Heim Bridge - WR-09-041 @ 55' 

68 0.00 
69 0.00 
70 0.00 
7 1 0.00 
72 0.00 
73 0.00 
74 0.00 
75 0.00 
76 0.00 
77 0.00 
78 0.00 
79 0.00 
80 0.00 
8 1 0.00 
82 0.00 
83 0.00 
84 0.00 
85 0.00 
86 0.00 
87 0.00 
88 0.00 
89 0.00 
90 0.00 
9 1 0.00 
92 0.00 
93 0.00 
94 0.00 
95 0.00 
96 0.00 
97 0.00 
98 0.00 
99 0.00 

100 0.00 

Average 
Std. Dev. 
Maximum 
@ Blow# 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
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1401b Auto Hammer 

** k-ft fls (%) 
41.4 0.3 11.3 86.5 
41.6 0.3 11 .O 86.1 
41.7 0.3 11.1 85.0 
41.8 0.3 11 .O 86.2 
41.7 0.3 11 .O 85.3 
41.8 0.3 11 .I 87.2 
41.9 0.3 11 .O 85.8 
41.7 0.3 11 .O 85.2 
41.8 0.3 11 .O 85.0 
41.7 0.3 11.0 85.6 
41.8 0.3 10.8 84.4 
41.7 0.3 11.0 85.1 
41.6 0.3 11.0 86.3 
41.6 0.3 11.1 86.9 
41.6 0.3 11.1 85.4 
41.6 0.3 11.0 85.8 
41.8 0.3 11.1 86.5 
41.8 0.3 11.5 87.9 
41.7 0.3 11.3 87.8 
41.8 0.3 10.8 85.8 
41.8 0.3 10.8 86.1 
41.8 0.3 11.2 86.5 
41.8 0.3 10.8 86.0 
41.7 0.3 11.1 85.6 
41.7 0.3 11.3 87.0 
41.7 0.3 11.2 87.1 
41.6 0.3 11.1 85.3 
41.7 0.3 11.2 86.8 
41.8 0.3 11.3 86.8 
41.8 0.3 10.8 85.8 
41.7 0.3 11.3 86.9 
41.8 0.3 11.0 86.4 
41.8 

0.1 0.0 0.2 1 .o 
41.9 0.3 11.8 89.8 

74 3 49 3 
Total number of blows analyzed: 101 

Time Summary 
Drive 2 minutes 24 seconds 
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Gregg Drilling & Testing - Case Method Results 

Test date: 19-Jan-20 

Heim Bridge - WR-09-041 @ 65' 

EFV (**) EMX (k-ft) ETR ((%)) 
Energy of FV Max Transferred Energy Energy Transfer Ratio 

0.0 0.1 0.2 0.3 0.4 0.0 0.1 0.2 0.3 0.4 0 25 50 75 10 

0 15 30 45 60 0 5 10 15 20 

BPM (**) VMX (fls) 

fE!iY Blows per Minute Maximum Velocity 



Gregg Drilling & Testing 
Case Method Results 

Helm Bridge - WR-09-041 @ 65' 
OP. catwell 
AR. 1.41 inA2 
LE. 1 17.00 ft 

EMX Max Transferred Energ 

ft 
'I 0 00 
4 0 00 
5 0 00 
6 0 00 
7 0 00 
8 0 00 
9 0 00 

10 0 00 
11 0 00 
12 0 00 
13 0 00 
14 0 00 
15 0 00 
16 0 00 
17 0 00 
18 0 00 
19 0 00 
20 0 00 
21 0 00 
22 0 00 
23 0 00 
24 0 00 
25 0 00 
26 0 00 
27 0 00 
28 0 00 
29 0 00 
30 0 00 
3 1 0 00 
32 0 00 
33 0 00 
34 0 00 
35 0 00 
36 0 00 
37 0 00 
38 0 00 
39 0 00 
40 0 00 
4 1 0 00 
42 0 00 
43 0 00 
44 0 00 
45 0 00 
46 0 00 
47 0 00 
48 0 00 
49 0 00 
50 0 00 
5 1 0 00 
52 0 00 
53 0 00 
54 0 00 
55 0 00 
56 0 00 
57 0 00 
58 0 00 
59 0 00 
60 0 00 
6 1 0 00 
62 0 00 
63 0 00 
64 0 00 
65 0 00 
66 0 00 
67 0 00 
68 0 00 
69 0 00 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

- - 

BPM 
** 

0.0 
47.8 
47.7 
47.7 
47.7 
47.6 
47.5 
47.5 
47.6 
47.7 
47.6 
47.6 
47.7 
47.7 
47.7 
47.5 
47.5 
47.5 
47.4 
47.6 
47.7 
47.5 
47.7 
47.7 
47.6 
47.6 
47.3 
47.5 
47.4 
47.6 
47.6 
47.6 
47.5 
47.7 
47.6 
47.5 
47.2 
47.4 
47.4 
47.7 
47.5 
47.6 
47.5 
47.5 
47.5 
47.5 
47.4 
47.4 
47.3 
47.7 
47.7 
47.5 
47.5 
47.5 
47.5 
47.4 
47.2 
47.3 
47.4 
47.4 
47.4 
47.4 
47.5 
47.4 
47.5 
47.4 
47.1 
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1401b Auto Hammer 

k-ft f/s (%) 
0.3 11.2 89.5 
0.3 11.8 95.3 
0.3 11.4 92.0 
0.3 11.2 89.8 
0.3 11 .I 89.2 
0.3 11.4 91 .O 
0.3 11.6 92.0 
0.3 11.7 91.3 
0.3 11 .I 90.0 
0.3 11.7 92.4 
0.3 11.5 91.3 
0.3 11.5 90.9 
0.3 11.7 92.1 
0.3 11.5 91.8 
0.3 11.5 91.3 
0.3 11.6 91 .O 
0.3 11.2 90.4 
0.3 11 .I 89.3 
0.3 11.4 90.0 
0.3 11.5 91.2 
0.3 11.1 90.3 
0.3 11.3 90.8 
0.3 11.4 90.7 
0.3 11.2 89.6 
0.3 11.6 90.5 
0.3 11.2 89.8 
0.3 11.3 90.5 
0.3 11.2 90.3 
0.3 11.3 90.5 
0.3 11.2 89.8 
0.3 11.2 90.4 
0.3 11.0 89.9 
0.3 11.2 89.7 
0.3 11 .O 89.7 
0.3 11.4 91.2 
0.3 11 .O 89.3 
0.3 12.0 91.4 
0.3 12.0 90.8 
0.3 11.9 90.3 
0.3 12.0 90.8 
0.3 11.3 90.5 
0.3 12.2 90.3 
0.3 11.6 90.8 
0.3 12.3 90.6 
0.3 12.0 92.4 
0.3 12.1 91.4 
0.3 11.8 91.3 
0.3 11.5 90.5 
0.3 11.4 90.6 
0.3 10.9 89.2 
0.3 12.1 90.3 
0.3 11.7 90.5 
0.3 11.5 90.1 
0.3 11.8 90.6 
0.3 11.4 90.4 
0.3 12.5 90.6 
0.3 12.3 89.8 
0.3 12.4 91.4 
0.3 12.2 90.6 
0.3 11.3 90.6 
0.3 11.9 91.3 
0.3 11.3 90.9 
0.3 11.5 89.8 
0.3 11.2 90.7 
0.3 12.1 90.9 
0.3 11.2 90.5 
0.3 12.3 91 .O 



Gregg Drilling & Testing 
Case Method Results 

Heim Bridge - WR-09-041 @ 65' 

ft 
70 0.00 
7 1 0.00 
72 0.00 
73 0.00 
74 0.00 
75 0.00 
76 0.00 
77 0.00 
78 0.00 
79 0.00 
80 0.00 
8 1 0.00 
82 0.00 
83 0.00 
84 0.00 
85 0.00 
86 0.00 
87 0.00 
88 0.00 
89 0.00 
90 0.00 
91 0.00 
92 0.00 
93 0.00 

Average 
Std. Dev. 
Maximum 
@ Blow# 
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1401b Auto Hammer 

** k-ft 
47.2 0.3 
47.2 0.3 
47.6 0.3 
47.4 0.3 
47.4 0.3 
47.2 0.3 
47.4 0.3 
47.3 0.3 
47.1 0.3 
47.1 0.3 
47.0 0.3 
46.9 0.3 
47.1 0.3 
47.2 0.3 
47.1 0.3 
47.0 0.3 
46.9 0.3 
46.9 0.3 
46.7 0.3 
46.7 0.3 
46.9 0.3 
47.0 0.3 
47.1 0.3 

47.4 0.3 
0.3 0.0 

47.8 0.3 
4 4 

Total number of blows analyzed: 93 

Test date 19-Jan-2009 
VMX ETR 

f/s (%) 
11 1 90 3 
12 3 90 1 
10 9 89 2 
11 3 89 1 
11 2 89 2 
11 3 90 6 
12 0 90 7 
12 0 89 9 
11 0 89 1 
12 0 90 0 
11 6 90 1 
12 1 90 9 
11 0 89 4 
11 1 90 7 
11 9 91 3 
12 3 90 1 
11 8 90 4 
10 9 89 1 
12 1 90 8 
11 8 90 6 
11 1 89 7 
11.6 90 7 
11 2 89 4 
11 1 90 2 
11 2 89 0 
11 1 90 5 
11 5 90 5 
0 4 0 9 

12 5 95 3 
58 4 

Time Summary 
Drive 1 minute 59 seconds 





Gregg Dr~ll~ng 8 Test~ng 
Case Method Results 

Helm Br~dge - WR-09-041 @ 80' 
O P  catwell 
AR 
LE 13200ft 
WS 16,807 9 fls 
EFV Energy of FV 
BPM Blows per Minute 
EMX Max Transferred Energy 
BL# depth 

ft 
1 0 00 
6 0 00 
7 0 00 
8 0 00 
9 0 00 

10 0 00 
11 0 00 
12 0 00 
13 0 00 
14 0 00 
15 0 00 
16 0 00 
17 0 00 
18 0.00 
19 0 00 
20 0.00 
21 0 00 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

BPM 
** 

0.0 
45.3 
45.0 
45.3 
45.3 
45.3 
45.3 
45.1 
45.1 
45.0 
45.1 
45.3 
45.3 
45.3 
45.3 
45.2 
45.2 
45.5 
45.4 
45.1 
45.1 
45.1 
45.1 
45.1 
45.2 
45.2 
45.2 
45.2 
45.4 
45.2 
45.3 
45.2 
45.0 
45.2 
45.2 
45.2 
45.3 
45.4 
45.3 
45.2 
45.2 
45.4 
45.1 
45.1 
45.1 
45.2 
45.2 
45.4 
45.1 
45.3 
45.2 
45.2 
45.3 
45.2 
45.0 
45.1 
45.0 
45.2 
45.3 
45.4 
45.3 
45.4 
45.4 
45.4 
44.9 
45.2 
45.1 
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1401b Auto Hammer 

EMX VMX ETR 
k-ft f/s (%) 
0.3 10.7 87.2 
0.3 11.1 86.7 
0.3 11.0 87.5 
0.3 11.1 88.5 
0.3 11.1 87.9 
0.3 11.2 89.0 
0.3 11.1 87.7 
0.3 11.2 87.8 
0.3 10.9 87.1 
0.3 11 .O 87.4 
0.3 11.2 88.5 
0.3 10.9 87.7 
0.3 10.9 87.1 
0.3 10.8 86.6 
0.3 11.0 87.6 
0.3 10.8 87.4 
0.3 11.1 88.3 
0.3 10.5 85.8 
0.3 10.9 87.3 
0.3 10.9 87.8 
0.3 10.5 85.7 
0.3 11.0 87.0 
0.3 10.9 88.1 
0.3 10.8 86.8 
0.3 10.8 85.7 
0.3 10.6 85.2 
0.3 11.1 88.3 
0.3 11.1 88.2 
0.3 11.0 88.5 
0.3 10.9 87.2 
0.3 11.1 87.9 
0.3 11.4 88.4 
0.3 11 .O 87.4 
0.3 11.5 88.6 
0.3 11 . I  87.2 
0.3 11.1 87.4 
0.3 11.4 88.3 
0.3 11.2 87.6 
0.3 10.9 86.7 
0.3 11.2 87.8 
0.3 11.1 87.5 
0.3 10.9 86.8 
0.3 10.9 86.5 
0.3 10.9 86.3 
0.3 11.0 86.3 
0.3 11.2 87.0 
0.3 11.0 86.1 
0.3 11.0 84.9 
0.3 11.1 86.9 
0.3 11.3 88.1 
0.3 10.9 86.5 
0.3 11.3 88.2 
0.3 11.2 87.5 
0.3 10.8 85.3 
0.3 10.9 86.3 
0.3 11.6 89.1 
0.3 10.7 86.1 
0.3 10.9 86.1 
0.3 10.8 87.1 
0.3 11.1 87.6 
0.3 10.9 86.3 
0.3 10.9 86.6 
0.3 10.9 86.4 
0.3 10.9 85.8 
0.3 11 .O 87.4 
0.3 10.9 85.4 
0.3 10.8 85.2 



Gregg Drilling & Testing 
Case Method Results 

Heim Bridge - 
OP: catwell 
B L# 

WR-09-041 @ 80' 

depth 
ft 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

115 0.00 
Average 

Std. Dev. 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

BPM 
** 

45.2 
45.2 
45.4 
45.4 
45.3 
45.4 
45.2 
45.4 
45.2 
45.0 
44.9 
45.2 
45.1 
45.4 
45.4 
45.4 
45.3 
45.1 
45.1 
45.1 
45.2 
45.2 
45.2 
45.3 
45.3 
45.3 
45.3 
45.3 
45.1 
45.0 
45.1 
44.9 
45.5 
45.2 
45.3 
45.3 
45.3 
45.4 
45.2 
45.0 
45.2 
45.1 
45.1 
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EMX 
k- ft 
0.3 
0.3 
0.3 
0.3 

Maximum 0 45.5 0.3 
@ Blow# 115 22 115 

Total number of blows analyzed: 11 1 

Time Summary 
Drive 2 minutes 31 seconds 19:05:12 - 19:07:43 (2009-01-1 9) BN 1 - 11 5 

1401b Auto Hammer 
Test date: 19-Jan-2009 

VMX ETR 



PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

EFV (**) 
Energy of FV 

Gregg Drilling & Testing - Case Method Results 

Heirn Bridge - WR-09-041 @ 90' 

Test date: 19-Jan-2C 

EMX (k-ft) ETR ((YO)) 
Max Transferred Energy Energy Transfer Ratio 

0.0 0.1 0.2 0.3 0.4 0 25 50 75 1 C 

0 15 30 45 60 0 5 10 15 20 

BPM (**) VMX (fls) 
Blows per Minute Maximum Velocity 



Gregg Drilling & Testing 
Case Method Results 

Page 1 of 2 
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Helm Br~dge - WR-09-041 @ 90' 
OP: catwell 
AR. 1.41 inA2 
LE 14200ft 
WS 16,807.9 fls 
EFV Energy of FV 
BPM' Blows per Minute 
EMX. Max Transferred Energy 
B L# depth 

ft 
1 0.00 
6 0 00 
7 0.00 
8 0 00 
9 0 00 

10 0.00 
11 0.00 
12 0.00 
13 0.00 
14 0.00 
15 0.00 
16 0.00 
17 0.00 
18 0.00 
19 0.00 
20 0.00 
2 1 0.00 
22 0.00 
23 0 00 
24 0.00 
25 0 00 
26 0.00 

1401b Auto Hammer 
Test date 19-Jan-2009 

SP 0 492 klft3 
EM: 30,000 ksi 
JC. 0 35 

VMX Maximum Velocity 
ETR: Energy Transfer Ratlo 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

BPM 
** 

0.0 
48.5 
48.7 
48.6 
48.6 
48.9 
49.0 
49.1 
49.0 
48.9 
49.0 
48.9 
48.7 
48.8 
48.8 
49.0 
49.0 
49.1 
49.0 
49.1 
49.1 
48.9 
48.8 
48.7 
48.9 
49.0 
49.0 
49.0 
49.1 
49.2 
49.0 
48.9 
48.8 
48.9 
48.9 
49.2 
49.1 
49.1 
49.1 
49.0 
48.8 
48.9 
48.9 
49.0 
49.1 
49.1 
49.2 
49.1 
49.1 
48.8 
48.8 
48.9 
49.0 
49.1 
49.1 
49.1 
49.0 
49.0 
48.8 
48.7 
48.9 
48.9 
49.1 
49.1 
49.1 
49.1 
49.2 

EMX 
k-ft 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

VMX 
f/s 

10.5 
11 .o 
10.5 
10.5 
10.8 
10.6 
10.6 
10.5 
10.7 
10.7 
10.5 
10.7 
10.4 
10.4 
10.5 
10.6 
10.5 
10.4 
10.5 
10.4 
10.5 
10.4 
10.2 
10.5 
10.5 
10.4 
10.4 
10.4 
10.4 
10.4 
10.4 
10.3 
10.4 
10.6 
10.5 
10.7 
10.7 
10.6 
10.6 
10.7 
10.6 
10.4 
10.6 
10.7 
10.6 
10.6 
10.8 
10.6 
10.8 
10.5 
10.6 
10.7 
10.7 
11.0 
11.3 
10.9 
10.7 
10.6 
11.0 
10.9 
10.9 
11 .o 
10.7 
10.6 

ETR 
(%) 

84.7 
88.4 
86.5 
86.1 
87.7 
87.8 
87.1 
85.5 
88.1 
87.5 
87.0 
88.0 
85.2 
86.5 
86.0 
88.2 
87.6 
86.7 
86.4 
87.4 
86.3 
86.7 
85.6 
85.5 
85.8 
85.9 
85.8 
85.9 
84.3 
85.9 
86.2 
85.4 
84.5 
85.9 
85.2 
87.0 
87.6 
86.2 
87.3 
87.6 
85.9 
84.5 
86.3 
85.9 
86.8 
86.2 
88.5 
87.8 
89.1 
85.0 
86.0 
87.2 
87.7 
89.2 
90.4 
87.9 
87.5 
85.5 
87.8 
88.2 
88.7 
89.8 
87.9 
86.7 
88.3 
90.0 
88.8 



Gregg Drllllng & Testlng 
Case Method Results 

Helm Br~dge - WR-09-041 @ 90' 
OP catwell 
B L# 

ft 
72 0 00 
73 0 00 
74 0 00 
75 0 00 
76 0 00 
77 0 00 
78 0 00 
79 0 00 
80 0 00 
8 1 0 00 
82 0 00 
83 0 00 
84 0 00 
85 0 00 
86 0 00 
87 0 00 
88 0 00 
89 0 00 

Average 
Std Dev 
Max~mum 
@ Blow# 

Time Summary 

Drive 1 minute 50 seconds 

EFV 
** 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

86 

BPM 
** 

48.9 
48 9 
48.9 
48.9 
49 1 
49.2 
49.3 
49.1 
49.1 
49 1 
49 0 
48.8 
48.9 
49.2 
49.1 
49.1 
49.2 
49.1 

Page 2 of 2 
PDIPLOT Ver 2008 2 - Pr~nted 10-Nov-2009 

1401b Auto Hammer 
Test date 19-Jan-2009 

EMX VMX ETR 
k-ft fls (%) 
0 3 10 8 87 4 
0 3 10 9 87 9 
0 3 I 0  8 87 3 
0 3 10 8 88 2 
0 3 11 0 88 4 
0 3 11 1 89 8 
0 3 11 4 90 1 
0 3 10 9 87 8 
0 3 I 0  9 89 6 
0 3 11 0 88 7 
0 3 11 0 88 9 
0 3 11 1 88 7 
0 3 10 9 88 6 
0 3 I 1  0 88 5 
0 3 11 4 90 5 
0 3 11 0 89 4 
0 3 10 9 88 8 
0 3 10 8 88 0 

0.2 0.0 0.3 
49.3 0.3 11.4 

78 86 86 
Total number of blows analyzed: 86 
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Gregg Drllllng & Testlng 
Case Method Results 

Helm Br~dge - WR-09-041 @ 100' 

BPM Blows per Mlnute 
EMX Max Transferred Energy 
B L# depth 

ft 
1 0 00 
6 0 00 
7 0 00 
8 0 00 
9 0 00 

10 0 00 
11 0 00 
12 0 00 
13 0 00 
14 0 00 
15 0 00 
16 0 00 
17 0 00 
18 0 00 
19 0 00 
20 0 00 
2 1 0 00 
22 0 00 
23 0 00 
24 0 00 
25 0 00 
26 0 00 
27 0 00 
28 0 00 
29 0 00 
30 0 00 
3 1 0 00 
32 0 00 
33 0 00 
34 0 00 
35 0 00 
36 0 00 
37 0 00 
38 0 00 
39 0 00 
40 0 00 
41 0 00 
42 0 00 
43 0 00 
44 0 00 
45 0 00 
46 0 00 
47 0 00 
48 0 00 
49 0 00 
50 0 00 
5 1 0 00 
52 0 00 
53 0 00 
54 0 00 
55 0 00 
56 0 00 
57 0 00 
58 0 00 
59 0 00 
60 0 00 
6 1 0 00 
62 0 00 
63 0 00 
64 0 00 
65 0 00 
66 0 00 
67 0 00 
68 0 00 
69 0 00 
70 0 00 
7 1 0 00 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

BPM 
** 

0.0 
41 .O 
41.2 
41.4 
41.3 
41.2 
41.4 
41.4 
41.2 
41.3 
41.2 
41.4 
41.4 
41.4 
41.3 
41.3 
41.4 
41.4 
41.4 
41.6 
41.5 
41.3 
41.4 
41.5 
41.4 
41.5 
41.4 
41.5 
41.6 
41.6 
41.4 
41.4 
41.5 
41.5 
41.6 
41.7 
41.6 
41.6 
41.4 
41.5 
41.5 
41.6 
41.6 
41.5 
41.5 
41.6 
41.4 
41.5 
41.4 
41.7 
41.4 
41.6 
41.4 
41.6 
41.5 
41.6 
41.6 
41.5 
41.4 
41.5 
41.5 
41.5 
41.4 
41.6 
41.4 
41.6 
41.4 

Page 1 of 2 
PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

1401b Auto Hammer 

k- ft fls (%) 
0.3 11.7 88.0 
0.3 11.9 82.5 
0.3 11.8 81.6 
0.3 11.8 81.3 
0.3 12.0 84.2 
0.3 11 .8 83.1 
0.3 11.9 83.4 
0.3 11.9 82.6 
0.3 11.7 82.3 
0.3 12.0 86.7 
0.3 11 .8 82.9 
0.3 11.6 81 .O 
0.3 11.7 85.1 
0.3 11.7 82.6 
0.3 11.7 82.1 
0.3 11.7 84.1 
0.3 12.0 86.1 
0.3 11.5 81.2 
0.3 11.8 84.9 
0.3 11.3 82.1 
0.3 11.6 83.1 
0.3 11.6 81.7 
0.3 11.5 82.0 
0.3 11.8 84.4 
0.3 11.6 80.9 
0.3 11 .8 84.6 
0.3 11 .8 83.0 
0.3 11.8 84.3 
0.3 11.7 82.6 
0.3 11.5 81.3 
0.3 11.7 83.9 
0.3 11.5 81 .O 
0.3 11.8 83.0 
0.3 11.6 82.6 
0.3 11.7 83.8 
0.3 11.6 82.1 
0.3 11.7 82.5 
0.3 11.4 79.6 
0.3 11.8 83.2 
0.3 11.4 79.6 
0.3 11.4 80.5 
0.3 11.5 81.5 
0.3 11.6 82.4 
0.3 11.4 79.3 
0.3 11.3 80.6 
0.3 11.6 81.5 
0.3 11.8 82.0 
0.3 11 .8 82.7 
0.3 11.5 80.6 
0.3 11.6 81.7 
0.3 11.8 81.7 
0.3 11.5 80.6 
0.3 11.3 80.9 
0.3 11.9 83.8 
0.3 11.7 81.6 
0.3 11.8 81.8 
0.3 11.8 81.6 
0.3 11.5 81.2 
0.3 11.6 81.6 
0.3 11.6 82.1 
0.3 11.7 82.3 
0.3 11.7 81 .O 
0.3 11.4 81.2 
0.3 11.7 81 .8 
0.3 11.7 84.0 
0.3 11.7 82.9 
0.3 11.7 84.4 



Gregg Drilling & Testing 
Case Method Results 

Page 2 of 2 
PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

1401b Auto Hammer Helm Bridge - 
OP. catwell 
B L# depth 

ft 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

Average 
Std. Dev. 
Maximum 
@ Blow# 

Time Summary 
Drive 3 minutes 7 seconds 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

** k-ft 
41.5 0.3 
41.5 0.3 
41.6 0.3 
41.6 0.3 
41.6 0.3 
41.6 0.3 
41.7 0.3 
41.5 0.3 
41.5 0.3 
41.5 0.3 
41.5 0.3 
41.6 0.3 
41.6 0.3 
41.7 0.3 
41.7 0.3 
41.6 0.3 
41.6 0.3 
41.6 0.3 
41.6 0.3 
41.6 0.3 
41.7 0.3 
41.7 0.3 
41.8 0.3 
41.7 0.3 
41.7 0.3 
41.6 0.3 
41.6 0.3 
41.7 0.3 
41.6 0.3 
41.6 0.3 
41.6 0.3 
41.8 0.3 
41.7 0.3 
41.6 0.3 
41.7 0.3 
41.5 0.3 
41.7 0.3 
41.6 0.3 
41.6 0.3 
41.7 0.3 
41.6 0.3 
41.8 0.3 
41.7 0.3 
41.5 0.3 
41.8 0.3 
41.8 0.3 
41.6 0.3 
41.6 0.3 
41.7 0.3 
41.6 0.3 
41.8 0.3 
41.6 0.3 
41.8 0.3 
41.7 0.3 
41.7 0.3 
41.7 0.3 
41.8 0.3 
41.7 0.3 

41.5 0.3 
0.1 0.0 

41.8 0.3 
94 1 

Total number of blows analyzed: 126 

Test date: 19-Jan-2009 
VMX ETR 

f/s 
11.5 80.2 
11.7 83.3 
11.6 81.6 
11.7 84.8 
11.8 81.8 
11.6 81.2 
11.7 82.6 
11.7 80.3 
11.5 82.4 
11.7 83.1 
11.8 83.3 
11.9 82.4 
11.6 80.3 
11.8 83.5 
11.7 82.0 
11.4 81.7 
11.7 84.3 
11.6 83.9 
11.8 84.4 
11.5 81.4 
11.6 81.5 
11.4 82.2 
11.8 83.1 
11.6 84.3 
11.5 81.9 
11.1 81.2 
11.4 81.9 
11.5 81.7 
11.9 85.7 
11.3 80.8 
11.5 82.6 
11 .I 80.3 
11.5 81.6 
11.5 82.3 
11.6 80.5 
11.5 80.5 
11.6 80.9 
11.7 82.6 
11.4 81.0 
11.5 82.1 
11.2 79.2 
11.6 83.4 
11.3 80.5 
11.5 81.8 
11.6 80.5 
11.7 84.0 
11.8 83.8 
11.7 82.2 
11.4 80.9 
11.6 83.4 
11.6 82.4 
11.6 82.2 
11.8 83.6 
11.6 82.8 
11.8 84.5 
11.4 80.7 
11.7 82.4 
11.5 79.6 

11.6 82.3 
0.2 1.5 

12.0 88.0 
14 1 





Gregg Drllllng & Testlng 
Case Method Results 

Helm Brldge - WR-09-041 @ 120' 
OP catwell 
AR 1 41 1nA2 
LE 17100ft 

BPM Blows per Mlnute 
EMX Max Transferred Energ 

ft 
1 0 00 
2 0 00 
3 0 00 
4 0 00 
5 0 00 
6 0 00 
7 0 00 
8 0 00 
9 0 00 

10 0 00 
11 0 00 
12 0 00 
13 0 00 
14 0 00 
15 0 00 
16 0 00 
17 0 00 
18 0 00 
19 0 00 
20 0 00 
2 1 0 00 
22 0 00 
23 0 00 
24 0 00 
25 0 00 
26 0 00 
27 0 00 
28 0 00 
29 0 00 
30 0 00 
3 1 0 00 
32 0 00 
33 0 00 
34 0 00 
35 0 00 
36 0 00 
37 0 00 
38 0 00 
39 0 00 
40 0 00 
41 0 00 
42 0 00 
43 0 00 
44 0 00 
45 0 00 
46 0 00 
47 0 00 
48 0 00 
49 0 00 
50 0 00 
51 0 00 
52 0 00 
53 0 00 
54 0 00 
55 

Average 
Std Dev 
Maxrmum 
@ Blow# 

Time Summary 
Drive 1 minute 12 seconds 

Page I of 1 
PDIPLOT Ver. 2008.2 - Printed: 10-Nov-2009 

1401b Auto Hammer 

** k-ft fls (%) 
0.0 0.3 11.3 83.9 

45.3 0.3 11.2 82.8 
45.1 0.3 11.1 79.1 
45.3 0.3 11.3 79.5 
45.3 0.3 11.7 81.2 
45.4 0.3 11.2 80.8 
45.2 0.3 21.3 80.9 
45.3 0.3 11.4 80.9 
45.2 0.3 11.7 80.9 
44.9 0.3 11.5 81 .O 
45.1 0.3 11.3 81.6 
45.0 0.3 11.8 82.5 
45.1 0.3 11.3 81.3 
45.1 0.3 11.6 83.0 
45.2 0.3 11.3 81.4 
45.2 0.3 11.5 80.6 
45.1 0.3 11.5 80.6 
45.1 0.3 12.0 83.5 
45.2 0.3 11.3 82.1 
45.1 0.3 11.3 80.7 
45.1 0.3 11.6 81.3 
45.1 0.3 11.8 84.8 
44.9 0.3 11.5 83.0 
44.9 0.3 11.6 82.4 
44.9 0.3 11.2 80.9 
45.0 0.3 11.9 84.1 
45.2 0.3 11.5 83.3 
45.0 0.3 11.6 82.2 
45.0 0.3 11.7 84.3 
45.0 0.3 11.7 82.8 
45.1 0.3 11.6 82.2 
45.1 0.3 11.6 83.7 
45.1 0.3 11.6 82.8 
45.1 0.3 11.5 82.9 
45.0 0.3 11.7 83.5 
45.0 0.3 11.5 82.8 
44.8 0.3 11.5 82.4 
44.9 0.3 11.7 83.8 
45.0 0.3 11.4 82.0 
45.0 0.3 11.7 84.8 
45.1 0.3 11.4 82.0 
45.1 0.3 11.5 83.5 
45.0 0.3 11.6 83.0 
45.1 0.3 11.7 82.9 
45.2 0.3 11.5 84.0 
45.1 0.3 11.8 85.5 
45.1 0.3 11.6 82.4 
45.1 0.3 11.3 82.7 
44.9 0.3 11.5 82.0 
44.9 0.3 11.6 84.3 
44.9 0.3 11.5 83.9 
44.9 0.3 11.5 82.4 
45.0 0.3 11.4 82.8 
45.2 0.3 11.5 83.3 

45.1 0.3 11.5 82.4 
0.1 0.0 0.2 1.3 

45.4 0.3 12.0 85.5 
6 46 18 46 

Total number of blows analyzed: 55 





Gregg Drllllng &Testing 
Case Method Results 

Helm Br~dge - WR-09-041 @ 130' 

EFV Energy of FV 
BPM Blows per Mlnute 
EMX Max Transferred Energ 
B L# depth 

ft 
6 0 00 
7 0 00 
8 0 00 
9 0 00 

10 0 00 
11 0 00 
12 0 00 
13 0 00 
14 0 00 
15 0 00 
16 0 00 
17 0 00 
18 0 00 
19 0 00 
20 0 00 
21 0 00 
22 0 00 
23 0 00 
24 0 00 
25 0 00 
26 0 00 
27 0 00 
28 0 00 
29 0 00 
30 0 00 
3 1 0 00 
32 0 00 
33 0 00 
34 0 00 
35 0 00 
36 0 00 
37 0 00 
38 0 00 
39 0 00 
40 0 00 
4 1 0 00 
42 0 00 
43 0 00 
44 0 00 
45 0 00 
46 0 00 
47 0 00 
48 0 00 
49 0 00 
50 0 00 
5 1 0 00 
52 0 00 
53 0 00 
54 0 00 
55 0 00 
56 0 00 
57 0 00 
58 0 00 
59 0 00 
60 0 00 
6 1 0 00 
62 0 00 
63 0 00 
64 0 00 
65 0 00 
66 0 00 
67 0 00 
68 0 00 
69 0 00 
70 0 00 
7 1 0 00 
72 0 00 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

BPM 
** 

40.3 
40.4 
40.5 
40.5 
40.5 
40.6 
40.6 
40.7 
40.6 
40.6 
40.7 
40.7 
40.6 
40.5 
40.7 
40.7 
40.5 
40.8 
40.6 
40.7 
40.7 
40.7 
40.7 
40.7 
40.7 
40.9 
40.8 
40.7 
40.9 
40.7 
40.8 
40.8 
40.8 
40.8 
40.8 
40.9 
40.7 
40.7 
41 .O 

0.0 
40.8 
40.8 
40.8 
40.8 
40.9 
41 .O 
41 .O 
41.2 
40.9 
40.9 
41 .O 
41 .I 
40.9 
41 .O 
41 .O 
40.9 
40.9 
40.8 
40.8 
41 .O 
40.9 
40.9 
40.8 
41 .O 
40.9 
40.9 
41 .O 

Page 1 of 2 
PDIPLOT Ver. 2008.2 - Pr~nted. 10-Nov-2009 

1401b Auto Hammer 
Test date. 19-Jan-2009 

SP. 0.492 klft3 
EM: 30,000 k s ~  

EMX 
k-ft 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 

VMX 
f/s 

11 .o 
10.9 
11.3 
1 I .2 
11 .o 
11.0 
11 .I 
10.8 
11.0 
10.9 
21.0 
11.2 
10.9 
11.1 
11.3 
11.3 
11.0 
11.2 
11.2 
11 .o 
11.9 
10.9 
11.0 
11.4 
11 . I  
11.1 
11 .o 
11.3 
11 .o 
11.2 
11.1 

ETR 
(%I 

78.7 
79.2 
82.4 
79.6 
79.2 
81.8 
79.7 
78.9 
80.6 
80.7 
81.7 
80.1 
80.8 
81.5 
82.3 
81.9 
81 . I  
82.1 
82.3 
82.3 
85.6 
79.8 
81.6 
84.0 
80.2 
80.1 
80.2 
84.4 
80.5 
82.1 
82.3 
83.3 
83.8 
81.9 
82.4 
82.0 
80.8 
80.2 
84.0 
80.3 
81.8 
80.6 
83.7 
81.2 
84.2 
82.3 
84.8 
81.9 
81.9 
84.3 
82.8 
81.9 
82.1 
83.2 
82.2 
82.7 
82.7 
81.3 
84.4 
82.1 
83.1 
82.9 
83.0 
85.0 
83.5 
83.0 
82.1 



Gregg Drilling & Testing 
Case Method Results 

Heim Bridge - WR-09-041 @ 130' 

ft 
73 0.00 
74 0.00 
75 0.00 
76 0.00 
77 0.00 
78 0.00 
79 0.00 
80 0.00 
8 1 0.00 
82 0.00 
83 0.00 
84 0.00 
85 0.00 
86 0.00 
87 0.00 
88 0.00 
89 0.00 
90 0.00 
9 1 0.00 
92 0.00 
93 0.00 

Average 
Std. Dev. 
Maximum 
@ Blow# 

Time Summary 
Drive 2 minutes 17 seconds 

EFV 
** 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

BPM 

Page 2 of 2 
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1401b Auto Hammer 
Test date 19-Jan-2009 

EMX VMX ETR 
k-ft 
0.3 
0.3 
0.3 

0.2 0.0 0.3 1.5 
41.2 0.3 11.9 85.7 

53 95 26 95 
Total number of blows analyzed: 90 
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INTRODUCTION 

Boring geophysical measuremnents were collected in six ui~cased borings for the Schu~yler Heiin 

Bridge Project at the Port of Los Angeles, Califorilia. Geophysical data acquisitioil was 

perforlned between October 19 to November 6, 3009 by Victor Gonzalez and Charles Carter of 

GEOTfisiol~. Data analysis was performed by Victor Goilzalez and reviewed by Robert Steller of 

GEO T/isiotz. Report preparation was performed by Victor Goilzalez and reviewed by John Die111 

of GEOVision. The worlc was performed under s~bcontract with Eai"r11 Mechanics, Inc. (EMI) 

with G. J. Gunasa~ljan serving as tlze point of coiltact for EMI. 

This report describes the field measureineilts, data analysis, and results of this worlc. 
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SCOPE OF WORK 

This report presents the results of boring geopl~ysical illeasurenlents collected between October 

19 and November 6, 2009 in six 4 718 -inch uncased borings, as detailed in Table 1. The purpose 

of the study was to supplement stratigraphic inforinatioil obtained during EM17s soil sanlpling 

prograin and to acquire shear wave velocities and coillpressioilal wave velocities as a fuilctioil of 

depth. 

'I' Coordinates and elevations provided by EM1 

Table I Boring locations and logging dates 

BORING 

DESIGNATION 

The OYO Suspension Logging Systein was used to obtain in-situ l~orizontal shear and 

conlpressional wave velocity nleasureillents at 1.6-foot intervals. The acquired data were 

analyzed and a profile of velocity versus depth was produced for both coillpressioilal and 

horizontally polarized shear waves. 

A detailed reference for the velocity llleasureinent teclmiques used in tl~is study is: 

Guidelines for Deternlinin~ Design Basis Grouild Motions, Report TR-102293, 

Electric Power Research Instit~te, Palo Alto, Califori~ia, Noveinber 1993, 

Sections 7 and 8 .  

DATES 

LOGGED 
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INSTRUMENTATION 

Suspension Instrumentation 

Suspension soil velocity ineasurenlents were perfornled in all borings using the PS suspension 

logging system, manufactused by OYO Corporation, and their subsidia~y, Robertson 

Geologging. This systein directly deternlines the average velocity of a 3.3-foot high segnlent of 

the soil colun111 sul~ouizding the boring of interest by measuring the elapsed time between 

arrivals of a wave propagating upward tlxough the soil column. Tlle receivers that detect the 

wave, and the source that generates the wave, are moved as a unit in the boring producing 

relatively constant ainplitude signals at all depths. 

The suspension systein probe consists of a combined reversible polarity solenoid horizontal 

shear-wave source (SH) and conlpressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet, 

allowing average wave velocity in the region between the receivers to be deterillined by 

inversion of the wave travel time between the two receivers. T11e total length of the probe as used 

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottonl 

end of the probe. 

The probe receives control signals from, and sends the receiver signals to, inst~x~mentation on the 

surface via an armored 4 or 7 conductor cable. The cable is wouild onto the drunl of a winch and 

is used to support the probe. Cable travel is ineasured to provide probe depth data, using a 3.28- 

foot circunlference sheave fitted with a digital rotaiy encoder. 

The entire probe is suspended in tlle boring by the cable, therefore, source nlotion is not coupled 

directly to the boring walls; rather, the source nlotion creates a horizoiltally propagating 

inlpulsive pressure wave in tlze fluid filling tlze boring and sul-rounding the source. This pressure 

wave is converted to P and SH-waves in the surrounding soil and rock as it iinpinges upon the 

wall of the boring. These waves propagate through the soil and rock surroundillg the boring, in 

turn ca~~sing a pressure wave to be generated in the fluid surrounding the receivers a s  the soil 
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waves pass their location. Separation of t l~e  P and SH-waves at tlze receivers is perforilled using 

the following steps: 

1. Orientatioil of the horizoiltal receivers is inaiiltaii~ed parallel to the axis of the source, 

illaxin~izing the aillplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a characteristic SH- 

wave signature distinct from the P-wave signal. 

3. The 7.0-foot separation of source and receiver 1 perinits the P-wave signal to pass and 

dai~lp sigilificantly before the slower SH-wave signal arrives at the receiver. In saturated 

soils, the received P-wave signal is typically of nluch higher frequency than the received 

SH-wave signal, permittiilg additional separatioil of the two signals by low pass filtering. 

4. Direct arsival of the original pressme pulse in the fluid is not detected at the receivers 

because the wavelengtl~ of the pressure pulse in fluid is sigilificantly greater than the 

diineilsioil of the fluid aiu1~1lus susro~ulding the probe, preventing significant energy 

transinission tluough the fluid medium. 

In operation, a distinct, repeatable pattern of iillpulses is generated at each depth as follows: 

1. The source is fired in one direction produciilg doininantly horizontal shear with soille 

vertical compression, and the signals from the horizoiltal receivers situated parallel to the 

axis of nlotion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded. 

I;. The source is fired again and the vertical receiver sigilals are recorded. The repeated 

source pattern facilitates the piclcing of the P and SH-wave arrivals; reversal of the source 

chai~ges the polarity of the SH-wave pattern but not the P-wave pattern. 

The data from each receiver during each source activation is recorded as a different chamlel on 

the recordiilg systeln. The Suspension PS systein has six chaimels (two siinultaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six chanilels with 

a coinilloil time scale. Data are stored on disk for fui-tl~er processing. Up to 8 salnpling sequences 

can be summed to iinprove the signal to noise ratio of the signals. 
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Review of the displayed data on the recorder or co~llp~lter screen allows the operator lo set the 

gains, filters, delay tiilze, pulse length (energy), sa~llple rate, and suilm~ing ~l~iillber to optiinize 

the quality of the data before recording. Verificatioil of the calibratioil of the Suspeilsioil PS 

digital recorder is perfornled every twelve illonths using a NIST traceable frequency source and 

comlter, as outliiled ill Appendix B. 
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MEASUREMENT PROCEDURES 

Suspension Measurement Procedures 

Six 4 718-incl~ uncased boriilgs filled with freshwater drilling illud were logged. Measureilleilts 

followed the GEOVisior~ Procedure for P-S Suspeilsioll Seisillic Velocity Logging, revision 1.4. 

Prior to each logging run, the probe was positioiled wit11 the top of the probe at the top of the 

drilliilg inud tub, ground surface, or other stationary reference point. Subsequeiltly, the electronic 

depth coullter was set to 8.2 feet, the distance between the mid-point of the receiver and the top 

of the probe, ini~lus the height of the statioilary refereilce point, as verified wit11 a tape measure, 

and recorded on the field logs. The probe was lowered to the bottoin of the boring or  ui~til the 

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot iiltervals to collect data, as 

suil~marized in Table 2. 

At each ineasure~lleilt depth the illeasurenlellt sequence of two opposite l~orizontal records and 

one vertical record was perforined, and the gains were adjusted as required. The data from each 

depth were viewed on the computer display, checked, and recorded on disk before inovillg to the 

next depth. 

Upoil colllpletioil of the measuremellts, the probe zero depth illdicatioil at the statioilary 

reference point was verified and recorded on the field logs prior to removal from the boring. 

Field data were backed LIP to USB flash drive each day upon conlpletion of data acquisition. 

Table 2. Logging dates and depth ranges 
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DATA ANALYSIS 

Suspension Analysis 

Using tlle proprietaiy OYO progranl PSLOG.EXE version 1 .O, the recorded digital wavefornls 

were analyzed to locate the nlost proininent first minima, first maxima, or first break on the 

vertical axis records, iildicatiilg the al-sival of P-wave energy. T11e difference in travel time 

between receiver 1 and receiver 2 (Rl-R2) asrivals was used to calculate the P-wave velocity for 

that 3.3-foot segnlellt of the soil colunlll. When observable, P-wave arrivals on the l~orizontal 

axis records were used to verify the velocities deternlined from the vertical axis data. The time 

picks were then transfersed into an EXCEL tenlplate (EXCEL version 2003 SP2) to colnplete the 

velocity calculations based on the arsival time picks made 111 PSLOG. 

The P-wave velocity over the 6.33-foot iilterval from source to receiver 1 (S-R1) was also picked 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived from the travel time between receivers. In this analysis, the depth values as recorded 

were increased by 4.53 feet to correspond to the mid-point of the 6.33-foot S-Rl interval. Travel 

tinles were obtained by picking the first break of tlle P-wave signal at receiver 1 and subtracting 

0.35 milliseconds, tlze calculated and experimentally verified delay from source trigger pulse 

(beginning of record) to source impact. This delay coi-responds to the duratioll of acceleration of 

the solenoid before impact. 

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to 

locate the presence of clear SH-wave pulses, as indicated by the presence of opposite polasity 

pulses on each pair of horizoiltal records. Ideally, the SH-wave signals from the 'norn~al' and 

'reverse' source pulses are very nearly invel-ted illlages of each other. Digital FFT - IFFT lowpass 

filtering call be used to senlove the higher frequency P-wave signal from the StI-wave signal. 

Generally, tlle first nlaxinla were picked for the 'norn~al' signals and the first illiniina for t l ~ e  

'reverse' signals, altl~ougl~ other points on the waveforin were used if the first pulse was distorted. 

The absolute arrival time of the 'nonnal' and 'reverse' signals inay vary by +I- 0.2 milliseconds, 

due to differences in the aci~~ation time of the solenoid source caused by constant nlecha~lical 

bias in the source or by boring inclination. This variation does not affect the R1-R2 velocity 
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deterll~inations, as tlle differential time is ineasured between arrivals of waves created by tlle 

saine source actuation. The final velocity value is the average of the values obtained from the 

'normal' and 'reverse' source actuations. 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 6.33-foot 

iilterval from source to receiver 1 was calculated and plotted for verificatioil of the velocity 

derived from the travel time between receivers. In this analysis, the depth values were illcreased 

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel tiines were 

obtained by pickiilg the first break of the SH-wave signal at the near receiver and subtractiilg 

0.35 milliseconds, the calculated and experiilleiltally verified delay from the beginiliilg of the 

record at the source trigger pulse to source impact. 

These data and ailalysis were reviewed by Robert Steller as a colnponeilt of GEOVision's in- 

house QA-QC program. 

Figure 2 sl~ows an example of R1 - R2 illeasurerneilts on a sainple filtered suspeilsioil record. In 

Figure 2, the time difference over the 3.3-foot illterval of 1.88 milliseco~~ds for the horizoiltal 

signals is equivalent to an SH-wave velocity of 1745 feet/second. Wllenever possible, tiine 

differeaces were determilled from several pl~ase points on the SH-waveform records to verify the 

data obtained fi.0111 the first arrival of the SH-wave pulse. Figure 3 displays the same record 

before filtering of the SH-wavefori~ record with a 1400 Hz FFT - IFFT digital lowpass filter, 

illustrating the presence of lligher frequency P-wave energy at the begilliliilg of the record, and 

distortion of t l~e  lower frequency SH-wave by residual P-wave signal. 
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RESULTS 

Suspension Results. 

Suspeasion R1-R2 P- and SH-wave velocities are plotted in Figures 4, 5, 6, 7, 8, and 9. The 

suspeilsioil velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8, 

respectively. These plots and data are i~lcluded in the EXCEL analysis files trailsinitted 

separately. 

P- and SH-wave velocity data from R1-R2 ailalysis and quality ass~u-ance ailalysis of S-Rl data 

are plotted together in Figures A-1 through A-6 to aid in visual coinparison. It sllould be iloted 

that R1-R2 data are an average velocity over a 3.3-foot segineilt of the soil coluilu~; S-R1 data 

are all average over 6.33 feet, creating a significant smoothing relative to the R1-R2 plots. S-Rl 

data are preseilted i11 Tables A-1 through A-6, and included in the EXCEL analysis files. 

Calibratioil procedures and records for the suspension PS measureineilt systein are presented in 

Appendix B. 
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SUMMARY 

Discussion of Suspension Results 

Suspellsioll PS velocity data are ideally collected in an uncased fluid filled boring, drilled wit11 

rotary mud (rotaly wash) methods, as were these borings. Thus data collected in these ~ulcased 

borings was of vely good quality. 

Suspension PS velocity data q~~ali ty is judged based upon 5 criteria: 

1.  Consistel~t data between receiver to receiver (R1 - R2) and source to receiver (S - R1) 

data. 

2. Consistent relationsl~ip between P-wave and SH -wave (excluding transitioll to saturated 

soils) 

3. Consistellcy between data froin adjacent depth intervals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillatioi~s. 

5. Consistellcy of profile between adjacent borings, if available. 

These data sl~ow good col~elation between R1 - R2 and S - R1. Additionally, there is a good 

correlation between P-wave and SH-wave velocities, as both show similar velocity inflections. 

Data from adjacent depth intervals are generally similar. P-wave and SH-wave onsets are clear 

and later oscillatiolls are well daillped. 

Velocity profiles between boriilgs in the study area are geilerally similar. All boriilgs exhibit SH- 

wave velocities railgiilg from approximately 200 - 300 fps near the surface, increasilig to over 

1,000 fps at depth. All borings sllow an illcrease to water ve1ocities"in the P-wave profiles at 10 - 

20 feet below grouild surface (bgs). Adjacent boriilgs R-09-007 and R-09-014 show a similar 

decrease in P-wave velocity at approximately 45 - 55 feet bgs wl~ ic l~  typically illdicates ail 

organic-rich zone. 
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Quality Assurance 

These boring geophysical measurements were perforllled using industiy-standard or better 

n~ethods for meas~lrements and analyses. All work was perforllled ullder GEOVision quality 

assurance procedures, which include: 

Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instr~uil~entation 

* Use of sta~~dard field data logs 

e Use of indepeildent verification of velocity data by comparisoll of receiver-to-receiver and 

source-to-receiver velocities 

* I~ldepeildellt review of calculatioils and results by a registered professioilal engineer, 

geologist, or geopl~ysicist. 

Suspension Data Reliability 

P- and SH-wave velocity n~easu~remellt using the Suspellsioll Method gives average velocities 

over a 3.3-foot iilterval of depth. This high resolutioil results ill the scatter of values show~l in the 

graphs. In uilcased borings, individual measurements are very reliable, wit11 estinlated precision 

of +I- 5%. Standardized field procedures and quality assurance checlts coiltribute to the 

reliability of the data. 
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4 or 7-Conductor cable OYO PS-170 or 

Head Reducer 

Upper Geophone 

Lower Geophone 

Source Driver 

Figure 1 : Concept illustration of P-S logging system 
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Far HN 
9.918 

Far HR 
18.148 

Far U 
5.555 

Near HN 
8. El38 

Near HR 
8.266 

Near U 
5 .  a95 

Figure 2: Example of filtered (1400 Hz lowpass) record 
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Far HN 
9.918 

Far HR 
18.148 

Far U 
5.555 

Near HN 
8.838 

Near HR 
8.268 

Near U 
5.895 

Figure 3. Example of unfiltered record 
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SCHMYLER HEIM BRIDGE BOWING R48487 
Receiver b Recclver V, and V, Ancrlysls 

Near-Far Receivers, V 

0 1080 2600 3000 4000 5000 8000 7008 
VELOCITY [Ms) 

Figure 4: Boring R-09-007, Suspension R1-R2 P- and SH-wave velocities 
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Table 3. Boring R-09-007, Suspension Rl-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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SCHUYLER HElM BRIDGE BORING R49-844 
Receiver to Receiver V, and V, Analysis 

Figure 5: Boring R-09-014, Suspension R1-R2 P- and &-wave velocities 
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Table 4. Boring R-09-014, Suspension Rl-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 
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SCHUYLER HEIM BRIDGE BORING Rag421 
Reeelver b Receiver V, and V, Analysls 

0 

6 4000 2006 3800 4000 5000 6000 7000 
VELOCITY (Ws) 

Figure 6: Boring R-09-021, Suspension R1-R2 P- and SH-wave velocities 
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHUYLER HEIM BRIDGE EBBRING R-149422 
Receiver to Receiver V, and V, Analysis 

Q 

Near-Far Receivers, Vp 

Figure 7: Boring R-09-022, Suspension R1-R2 P- and SH-wave velocities 
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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SCHUVLER HElM BRIDGE ESQRIMG RllB9425 
Receiver to Receiver V, and Vp Analysis 

Near-Far Receivers, Vs 

Figure 8: Boring R-09-025, Suspension R1-R2 P- and SH-wave velocities 
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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8CHbbYLER HEIM BRIDGE BORING R49428 
Receiver to Reeelver V, and V, Anslysls 

6 4 606 2066 3666 4660 6006 6666 9006 
VELOCITY (Ws) 

Figure 9: Boring R-09-028, Suspension R1-R2 P- and SH-wave velocities 
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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APPENDIX A 

Project Number 06-123 

SUSPENSION VELOCITY MEASUREMENT 
QUALITY ASSURANCE SUSPENSION SOURCE 

TO RECEIVER ANALYSIS RESULTS 
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SGHbBYLER HElM BRIDGE BORING R48dQb7 
Source t~ ReeeIver and Reeelver ta Rereelver Anwlysls 

Figure A-I. Boring R-09-007, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-I. Boring R-09-007, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Depth at Midpoint 
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Depth at Midpoint 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 
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SCHMYLER HEIM BRIDGE BOWING R49414 
Source to Rrerlvrr and Rreclvrr to Recrlvrr Analysis 

Near-Far Receivers, Vs 

--O- Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-2. Boring R-09-014, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 

Between Source and 

GEOVision Report 9375-01 rev a Page 47 of 72 Novern ber 1 1, 2009 



Earth Mechanics Inc. Project Number 06-123 

SCHUYLER HElM BRIDGE BQRING W49421 
Source to Recelvcr and Recclver to Recelver Analysis 

8 

-G- Soiirce-Near Receiver, Vs 

Near-Far Receivers, V13 

Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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8CHbBYLER HEIM BRIDGE BOWING R49422 
Source to Recelvcr and Recelver to Recelver Analyslo 

0 

4 80 
0 2008 4080 BOO 0 8060 

VELQclT'f (Ws) 

-C%Soi~rce-Near Receiver, Vs 

Near-Far Receivers, Vp 

Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

GEOVision Report 9375-01 rev a Paae 53 of 72 Novern ber 1 1. 2009 



tann  MeCllafllCS lnc. Project Number 06-123 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Depth at Midpoint 
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SCHMYLER HElM BRIDGE BORlMO R49426 
Sauree tca Rccrlver and Recelwr fa  Recelvcr Anrlyslr 

+Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

. . . . . . . . . .  m . . . . ,  1 1  1 1  1 

Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLER HElM BRIDGE BQRINQ Rag428 
Source to Recelygir and kcelver to Recelver Analysis 

0 

4 80 
0 4000 2606 3600 4006 5666 8660 7606 

VELOCITY (Ws) 

-a- Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

-a- Source-Near Recei 

Figure A-6. Boring R-09-028, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-6. Boring R-09-028, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

GEOVision Report 9375-01 rev a Page 62 of 72 November 11, 2009 



Earth Mechanics Inc. Project Number 06-123 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Depth at Midpoint 
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APPENDIX B 

Project Number 06-123 

BORING GEOPHYSICAL LOGGING 
SYSTEMS - NlST TRACEABLE CALIBRATION 
PROCEDURES AND CALIBRATION RECORDS 
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SON E% "' Calibration Report 

Metrology 
7500 Fe~lwiclc Lane 
Westn~inster, CA 92683 

GEOVision Geophysical Services 
1124 Olympic Drive 

Corona, CA 92881-3390 

Page I of 4 

I llllll l~iilsil MHIiii/~l IIII IIII 
573794 

''loll Free: 866-72.3-22.57 
Lab Code: 10501 4-0 

Manufacturer: o y o  
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160023 
Serial Number: 160023 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

Ambient Temaerature: 23" C 
Ambient Humidity: 56% R H  
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 
Calibration Due Date: 07/17/2010 
Calibration Interval: 12 Months 

Rernarlts: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards Utilized 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NlSTlNVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISOllEC 17025:2005, ANSIINCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the uncertaip&t#ed isdhe eqp#+ied uncertainty of the measurement, where k=2. 
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Gal. Date 

01 /29/2009 

05/04/2009 

01/24/2009 

I.D. No. 
S1-01252 

51-01347 

S1-03686 

Due Date 

07/29/2009 

I 1/04/2009 

01/24/2010 

Model No. - 
5335A OPT 010,203040 

3325A 

91 0 

Manufacturer 

Hewlett Packard 

Hewlett Packard 

Fluke 

Description - 
Counter, Universal 

Generator, Function, Synthesizer 

Standard, Frequency, Controlled, Gps 
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MerlCols Ct'Af: I'crriotl 2.22 (Pro/cssio~ln/) ATTACHMENT 2 Customer 
Src DUI: (9548,!F3D-C74D-JC9F-AEEFF2IEF56OBC451) (c) 
Doc DUI: (~lBIOF176-4C5C46.70-9ICB-~IO5A72E361CI/ (0) Page 1 of 2 

Test No. 573794 
Custom Specification Report 

Asset No. 160023 Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 
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CALIBRATION 
TOLERANCE 
------ 

49.50 to 50.50 HZ 
[EMU 0.000250] 

-- 

99.0 to 101.0 Hz 
[EMU 0.000500] 

198.0 to  202.0 Hz 
[EMU 0.001000] 

- 

495.0 to  505.0 Hz 
[EMU 0.0025001 - 

Out 
of 
Toi 

-- 

ASLEFT 

Same 

Same 

AS FOUND 

50.00 
-- 

100.0 

1000 Hz 

2000 Hz  

50.00 Hz  

I 
198.0 t o  202.0 Hz  

200.0 Same [EMU 0.001000] 
-- - - -- 

I 
495.0 t o  505.0 Hz 

500.0 Same 
-- -- 

[EMU 0.002500] 

I 1000 Hz 1000 Same 
990 t o  1010 Hz 

[EMU 0.005000] 
-- - -- 

I 2000 Hz  2000 Same 
1980 t o  2020 Hz  
[EMU 0.010000] 

-- -- -- - 

CH V 
Frequency 

49.50 t o  50.50 Hz  
50.00 Hz 50.00 Same 

S ~ n e  Wave [EMU 0.000250] ---- - 

I 
99.0 t o  101.0 Hz 

100.0 Hz 400.0 Same 
- -- -- --- 

I 
198.0 t o  202.0 Hz 

200.0 Hz 200.0 Same [EMU 0.001000] 
-- - --- --- - 

I 
495.0 t o  505.0 Hz  

500.0 Hz  
-- --- -- 

500.0 
-- 

[EMU 0.0025001 

Remarks: 

NOMINAL 
VALUE 

STEP 
NUM 

I 

200.0 ::I: 500.0 -- 

FUNCTION 
TESTED 

990 to 1010 Hz 
[EMU 0.0050001 

- 

1980 t o  2020 Hz 
[EMU 0.010000) 

-- 

49.50 t o  50.50 Hz 
[EMU 0.000250] 

99.0 to  101.0 Hz 
[EMU 0.000500] 

------ 

1000 
- 

2000 

50.00 

100.0 

- 

100.0 Hz 
- 

- 

--- 

200.0 Hz  
-- 

500.0 Hz  

- -- 

Same 
--- 

Same 
-- 

Same 

Same 

1 

CH HN 
Frequency 
Sine Wave 

I 

I 

50.00 Hz 

100.0 Hz 



I Remarlts: I 

A,l~rdCr~fs CPhl: Versior~ 1 2 . 2  (Projcrsiortol) 
Str DUI: (954SAP3D-C74D-4C9F-IIEEF-IIEF56OBC451) (c) 

Doc DUI: /,lDIOF47E-4C5F-4650-9/CD-iI 05.4 72B361C) [a) 
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ATTACHMENT 2 
Page 2 of 2 

Page 67 of 72 
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f 6002-3 

SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: OYO Model no.: 3403 
Serial no.: 160023 Calibration date: 711 712009 
By: Craig Branson Due date: 711 71201 0 

Counter mfg.: Hewlett-Packard Model no.: 5335A 
Serial no.: 2626A09881 Calibration date: 1/29/2009 
By: SCE #S1-01252 Due date: 7/29/2009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: SCE #S1-01347 Due date: 1 1 I412009 

SYSTEM SETTINGS: 
Gain: 8 
Filter I OKHz 
Range: 
Delav: 

See sample period in table below 
0 

stack (I std) I 
Svstem date = correct date and time 711 712009 I S /  Or . . 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- -l% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*l 00)% As found As left -0. 1 I "[ 

Calibrated by: 

Witnessed by: 
Name Date Signature 

Suspension PS Seismic RecorderILogger Calibration Data Form Rev 2.0 July 21 ,2008 
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SON ES "' Calibration Report 

GEOVision Geophysical Services 
1 124 Olylnpic Drive 

Corona, CA 9288 1-3390 

Project Number 06-123 
Page 1 of 4 

I llllll I~iiilMVFiffii~l Ill1 1111 
573795 

1 F,... LC. , ,. 866-733-7257 
Lab Code: 10501 4-0 

Manufacturer: o y o  
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160024 

Serial Number: 160024 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-0 1 

Ambient Tem~erature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 
Calibration Due Date: 07/17/2010 
Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by  Metrology Engineering and documented 
i n  SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation databn pagi4. 

Standards Utilized - . - - - 

I.D. No. 1 Manufacturer l ~ o d e l  No. .I Description I Cal. Date 1 Due Date 
S1-01252 I Hewlett Packard 1 5 3 3 5 ~  OPT 010,203040 1 Counter, Universal 1 01/29/2009 107129/2009 

S1-01347 I Hewlett Packard 13325A I Generator, Function, Synthesizer 1 05/04/2009 1 11/04/2009 

1 SI-03686 1 Fluke 1910 I Standard, Frequency, Controlled, Gps 1 01/24/2009 / 01/24/2010 ) 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISOllEC 17025:2005, ANSIINCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the uncerta' t ted i the ex anded uncertainty of the measurement, where k=2. 
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Test NO, 573795 
Custom Specification Report 

Asset No. 160024 Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 
I I I I I I I 

RINCT1oN 1 NPFm:Elf S $ 'OmS 1 1 1 
. .- 

NUM TESTED TOLERANCE 

1 100.0 Hz 1 100.0 ( same 
99.0 to 101.0 Hz / 1 [EMU 0.000500] I 

Frequency 
Sine Wave 

-. - 

1 200.0 Hz 1 200.2 1 same 
198.0 to 202.0 Hz I I ,EMU 0.001000] 

1 500.0 Hz 1 500.0 I same 
I 1 495.0 to 505.0 Hz 

[EMU 0.002500] 

50.00 

1 lOOOHz 1 1000 / same 
990 to 1010 Hz / 1 [EMU 0.0050001 I 

1 2000Hz 
1980 to 2020 Hz 1 1 [EMU 0.010000] 

Same 

49.50 to 50.50 Hz 
Sine Wave [EMU 0.000250] 

-- +--- -- -I 

49.50 to 50.50 Hz 
[EMU 0.000250] 

/ 100.0 Hz 1 100.0 1 same 
99.0 to 101.0 Hz 1 / [EMU 0.000500] I 

1 200.0 Hz 1 200.0 1 same 
198.0 to 202.0 Hz 

-- - 
I 5OO.OHz 1 500.0 1 Same 1 1 ~ ~ $ o ~ ! ~ $  1 .. - 

1 1OOOHz ( 1001 1 same 1 1 990 to 1010 Hz 
[EMU 0.005000] 

1 2000Hz / 2000 1 same 
1980 to  2020 Hz I / [EMU 0.010000] 

CN V 
Frequency 50.00 HZ 49.50 to  50.50 Hz 
Sine Wave - - - -- 

[EMU 0.0002501 
- 

1 I 200.0 HZ 1 200.0 1 same 1- 1 ~~~~~~~~~~ 
-- - -- -. --- - 

1 500.0 Hz 1 500.0 1 Same 495.0 to 505.0 Hz 1 [EMU 0.002500] 1 
Rernarlcs: 

AluflCrr~~ CPAPnl: I'erslorr 22.2 (Profmsloo,t~~l) 

src DUI: (954SAF3D-C74D-~/C9F-AhhF-21EF560BC451) (CJ 
ATTACHMENT 2 

Doc DUI: (1269COH2-JAl3-JIM-BIBFF4O9D98B7DDDA) (0) page 1 of 2 
GEOVision Report 9375-01 rev a Page 70 of 72 November 11, 2009 



Af!rdC(~rs Ct'Al: I'ersiorl 2.2.2 (P~.o/cr~iot~ol) 

S,r DU/; (954UF3D-C74D-4C9F-~1hBFFIIBF560BC45I] (c) 

Doc DU/: (1269C083-3A13-416A-8IBF-409D98S7DDDd] (0) 

Earth Mechan~cs inc Project Number 06-123 

Test No. 573795 
Custom Specification Report 

Asset No. 160024 Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4 

ATTACHMENT 2 
Page 2 of 2 

Customer 

STEP 
NUM 

- 

- - 

- 

-- 
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FUNCTION 
TESTED 

-- 

CH V 
FI equency 
Slne Wave 

I 

-- 

---- - 

CALBRATION 
TOLERANCE 

990 to 1010 Hz 
[EMU 0.005000] 

- 

1980 to 2020 Hz 
[EMU 0.010000] 

- -- 

- 

-- - 

-- 

- -- 

-- - 

- -- - - 

-- - 

Out 
of 

 TO^ - 

- 

.- -- 

ASLEFT 

Same 
- 

Same 
-- 

NOMINAL 
VALUE 

. - 

1000 Hz 

2000 Hz 

-- 

- 

- 

AS FOUND 

1000 

2000 

- -- -- 

- - 

- 

- 

- - 

-- 

-- -- 

- -- 

. -- 

-- 

- - -- 

I i 

- 

- 

- - -  . - 

- 
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SUSPENSION PS SEISMIC LOGGERlRECORDER CALlBRATlON DATA FORM 

INSTRUMENT DATA 
System mfg.: OYO Model no.: 3403 
Serial no.: 160024 Calibration date: 711 712009 
By: Craig Branson Due date: 711 71201 0 

Counter mfg.: 
Serial no.: 
By: 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: 1/29/2009 
SCE #S1-01252 Due date: 7/29/2009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: SCE #S1-01347 Due date: 11/4/2009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 
Delay: 
Stack (1 std) 

10KHz 
See sample period in table below 

System date = correct date and time 711 712009 ~ 0 3 . 7  
PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*100)% As found 

Calibrated by: 

Witnessed by: 

Suspension PS Seismic RecorderlLogger Calibration Data Form Rev 2.0 July 21 ,2008 1 

GEOVision Report 9375-01 rev a 

Average 
Frequency 

V (Hz) 
56. 00 
/00.S 

Zs0 .0  
Tes. o 
06 8 

'Zoe.o 

Page 72 of 72 

Target 
Frequency 

(Hz) 
50.00 
doo.0 
200.0 
500.0 
1000 
2000 

November 11,2009 

Time for 
9 cycles 

Hn (msec) 
1$'0-00 

90.00 
5'7.45 
Id .00  
g . w Q  
Y, 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Average 
Frequency 

Hn (Hz) 
y0.00 
/OD.@ 

Z 0 w . L  
~ @ Q . B  

/OoQ 

Laoo 

Sample 
Period 

(micros) 
200 
100 
50 
20 
10 
5 

File 
Name 

501 
5 02 
503 
504 
505 
506 

Time for 
9 cycles 
V (msec) 
/8&. 65 

90,oo 
Ld5.00 
I 8 . 0  Q 

DO Q 

::5eo 

Time for 
9 cycles 

Hr (msec) 
/2$0,- 

9900 
Lg5.00 
(3.00 
.9?8  

5 , 5 0 0  

Average 
Frequency 

Hr (Hz) 
56.~90 
/ O Q . @  

206.0 

Gm.0 
/ o o /  
zoo0 



APPENDIX E 

LABORATORY SOIL TEST FtESULTS 



MOISTURE AND DENSITY 



In-Situ Moisture Content and Dry Density 



In-Situ Moisture Content and Dry Density 
(Continued) 

/ Moisture I Drv 
Content  ensi it^ Boring Sample Depth ASTM 

No. ASTM 1 1 (ft) 1 D22l l  1 02937 



In-Situ Moisture Content and Dry Density 
(Continued) 



In-Situ Moisture Content and Dry Density 
(Continued) 



In-Situ Moisture Content and Dry Density 
(Continued) 

Boring 
No. 

Sample 
No. 

Depth 
(ft) 

Moisture 
Content 

D2216 

Dry 
Density 
ASTM 
02937 



In-Situ Moisture Content and Dry Density 
(Continued) 



In-Situ Moisture Content and Dry Density 
(Continued) 

Boring 
No. 

Sample 
No. 

Depth 
(ft) 

Moisture 
Content 

D2216 
(%I 

DW 
Density 
ASTM 
D2937 
(pcf) 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 11/23/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1 1/23/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, inc. 

DATE: 1 1/23/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008A 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 11/23/2009 SUMMARIZED BY: JT 



TABLE 1 SU-Y OF LABORATORY TEST RESULTS 

Project N o .  : 06-123-3 Project N a m e  : ACTA Schuyler Heirn Bridge Project 
Soil- 

Moisture 
Frcc 

Chloritlc No. GR:SA:FI (CT-217) 

Soil- 
Soluble 
Sulfate 

Soil- pH CT- 
532 

Soil- 
Minimum 
Resisivity 

Atterberg 
Limits 
ASTM 

Sand 
Equivalent 

Grain Size 
Distribution Torvane Shear 

Pocket 
Penetrometer 

Total Unit 
Weidlt ASTR.1 

Moisture 
Content 
ASTM 

Itlentification 
(group symbol) Sample Depth Boring N o .  

Sample 





PERCENTAGE PASSING NO. 200 SIEVE 



Percent Passing No. 200 Sieve 

Boring 
No. 

Sample 
No. 

Depth 
( ft ) 

Percent Fines 
("4 



Percent Passing No. 200 Sieve 
(Continued) 

( R-09-029 / 5-15 1 75 1 8.01 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 11/23/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008 

PROJECT NO.: 06-123-03 

DATE: 1 1/23/2009 

CLIENT: Earth Mechanics, Inc. 

SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1 1/23/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008A 

PROJECT NO.: 06-123-03 

DATE: 1 1/23/2009 

CLIENT: Earth Mechanics, Inc. 

SUMMARIZED BY: JT 







GRAIN SIZE ANALYSES 



GRAVEL SAND SILT OR CLAY 

COARSE FINE X A R S E  MEDIUM FINE 
I 

AP Engineering & Testing, lnc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 1 / I  2/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 

Date: 12/01/09 

-- -- -- --- - -- - 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 2"1%" ,"J/44" %"%" #4 #8#10#16 #30 #50 #I00 #ZOO 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

O R-09-001 D-I I 55 0.18 12.08 87.74 46:27: 1 9 CL 

R-09-001 5-45 75 0.46 4.73 94.81 NIA CL 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 
I 

AP Engineering & Testing, Inc. 

GRAIN SIZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 111 9109 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 
Checked by: AP Date: 12/01 109 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SIZE (rnrn) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

O R-09-002 S-10 50 3.23 36.02 60.75 29:23:6 ML 

R-09-002 S-15 75 0.68 13.21 86.1 1 N/A ML 





GRAVEL SAND SILT OR CLAY 
COARSE I FINE I c o A R s  1 MEDIUM I FINE I 

11  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

l~ ro jec t  Name: 

PLASTICITY 
INDEX 

3 

EGL Project No: 09-230-008 

GRAINSIZE 

LIQUID 
LIMIT 

27 

. . . . . . . . . 
ENVl RON M ENTAL 

GEOTECHNOLOGY 
,, LABORATORY 

DISTRIBUTION CURVE 
1 1/29/09 (ASTM D422) FIGURE 

SOIL 
TYPE 

ML 

ACTA Heim Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job No: 06- 123-03 

SAMPLE 
TYPE 

RING 

DEPTH 
(FT) 

3 5 

SAMPLE 
No. 

D-07 

SYMBOL 

17 

BORING 
No. 

R-09-004 







COARSE I FINE ICOARSI MEDIUM I FINE 

1I.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

100 

SILT OR CLAY 1 GRAVEL SAND 

10 

, . . . . . . . . , . , . . . . . . , . . . .  . . . . , . . . . . . . . , o  
100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

p~ - 

SYMBOL 

17 

SAMPLE 
No. 

S-15 

BORING 
No. 

R-09-004 

. . . . . . . . . .r.. . 
,(::j;-%.:?., ENVl RON MENTAL 
....-.: .... , """. zqk GEOTECHNOLOGY 

?.*+.. ...""* - .  LABORATORY 

Project Name: 
ACTA Heim Bridge Replacemenl 

Client: Earth Mechanic, Inc. 
Job No: 06-1 23-03 

EGL Project No: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

01/04/10 (ASTM D422) FIGURE 

PLASTICITY 
INDEX 

12 

DEPTH 

(FT) 

70 

SAMPLE 
TYPE 

BAG 

SOIL 
TYPE 

C L 

LIQUID 
LIMIT 

33 







GRAVEL SAND 

SYMBOL BORING NO 

R-09-004 

SILT OR CLAY 
FINE COARSE 

SAMPLE NO 

S-2 1 

l1.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 -'/*', y4," 3 
/8" #4 # l o  #20 #40 #60 # I  00 #200 

100 

90 

80 

I- 
I 70 
c3 
2 

60 
25 
lx 
W 
Z 50 - 
LL 

I- 
z 
w 40 

0 
lx 
W 
a 30 

20 

10 

0 
100 10 1 0.1 0.01 

GRAIN SIZE (mm) 

FINE 

DEPTH 

(FT) 

105 

. . . . . . . . . ..'.,--.''.. .,, .... Q::::. .. ENVIRONMENTAL ,.,.....-- . . . . . . . . . . . . .. ......* 
" . . .. .. . .zq\$ GEOTECHNOLOGY 
7:::'A". - LABORATORY 

Project Name: 
ACTA Heim Bridge Replacement 

Client J O ~  NO.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008 

COARSE 

SAMPLE 
TYPE 

Bag 

GRAIN SIZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FIGURE 

MEDIUM 

P LASTIC 
INDEX 

NIA 

SOIL 
TYPE 

SP-SM 

LIQUID 
LIMIT 

NIA 



GRAVEL SAND SILT OR CLAY 
COARSE FINE 

1I.S STANDARD SIEVE OPENINC; U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 -1/2'' 3/438 3 
/8" #4 # l o  #20 #40 #60 #I00 #200 

100 

90 

80 

t- 
I 70 c3 
Y 

60 iz 
CL 
w 
Z - 50 
LL 
I- 
z 
W 

40 
0 
CL 
W 
a 30 

20 

10 

0 
100 10 1 0.1 0.01 

GRAIN SlZE (rnm) 

SYMBOL 

COARSE 

BORING NO 

R-09-004 

MEDIUM 

G:z~iG:: ENVIRONMENTAL 
?:&="L,i GEOTECHNOLOGY "...".. :::m 
I..... I, ...""* 
V LAB0 W T O  RY 

FINE 

SAMPLE NO 

S-24 

Project Name: 
ACTA Heirn Bridge Replacement 

cl ient Job No.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008 

GRAIN SlZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FIGURE 

DEPTH 
(FT) 

135 

SAMPLE 
TYPE 

Bag 

PLASTIC 
INDEX 

N/A 

SOIL 
TYPE 

SM 

LIQUID 
LIMIT 

N/A 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

I 

AP Engineering & Testing, Inc. 

GRAIN SlZE DlSTRlBUTlON CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: ST Date: 1 1 / I  9/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 

Date: 12/03/09 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 2W1 %" 1" 3h" i/21!3/a!" #8#10#16 #30 #50 #I00 #ZOO 

PARTICLE SlZE (rnrn) 





AP Engineering & Testing, I ~ c .  

GRAIN SIZE DISTRlBUTlON CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1 I09 
Checked by: AP Date: 1211 1 I09 

GRAVEL SAND SILT OR CLAY 

COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 2 " I W  1" 3/4" WXI1 #4 #8#10#16 #30 #50 #I00 #ZOO 

20 . . .. .. .. . 

PARTICLE SIZE (rnrn) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

O R-09-006 U-07 35 0.00 1.71 98.29 46:28:18 ML 

R-09-006 D-13 60 0.48 36.95 62.57 25:21:4 CL-ML 

n R-09-006 S-16 75 0.00 56.64 43.36 NIA SM 



AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 12108109 

ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1109 
Date: 1 211 1109 

SILT OR CLAY 

SIEVE NUMBER HYDROMETER 

3" 2" 1 I,*" 1 " 3/4 %" 3/a." #4 #8#10#16 #30 #50 #I00 #200 

~ . . - .. . - . .- -. . . 

. . . -- . 

.--- - - - -  

- - -  - 

PARTICLE SlZE (rnrn) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI u . s . c . s  

(feet) 

O R-09-006 S-20 100 0.00 93.04 6.96 NIA SP-SM 

R-09-006 S-23 130 0.70 91.30 7.99 NIA SW-SM 

A R-09-006 S-25 160 36.82 53.38 9.80 NIA SW-SM 







GRAVEL SAND SILT OR CLAY 
COARSE I FINE l C O A R S ~  MEDIUM I FINE 

I 1  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3- 1 - 3  3/qo 3/83r  #4 #I0 #20 #40 #I00 #200 

100 

90 

80 

I- 
I 70 L2 
2 

60 iz 
lx 
W 
Z - 50 
U- 

I- 
z 
W 

40 

0 
lx 
W 
a 30 

20 

10 

0 
100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

SYMBOL 
BORING 

No. 

R-09-007 

. . . . . . . . . . - . . .  EN",RONMENTAL .... ........ . ..-.....-- . . . . . . . -...... ....*..-....; , , . . . . . Gq\d GEOTECHNOLOGY 
t:::*AHr - LABORATORY 

SAMPLE 
No. 

5-1 3 

Project Name: 
ACTA Heirn Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job NO: 06-1 23-03 
EGL Project No: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FIGURE 

DEPTH 

(FT) 

65 

LIQUID 
LIMIT 

31 

SAMPLE 
TYPE 

BAG 

PLASTICITY 
INDEX 

7 

SOIL 
TYPE 

ML 



SILT OR CLAY GRAVEL SAND 

II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 -1/2'' 3/," 3 
/a'' #4 # l o  #20 #40 #60 #I 00 #200 

100 

90 

80 

I- 
I 70 
(3 
W 
3 60 

k 
lx 
W 
z 50 
- 
LL 

I- 
Z 40 
W 
0 
lx 
W 
a 30 

20 

10 

0 

100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

FINE COARSE 

P LASTIC 
INDEX 

NIA 

SYMBOL BORING NO 

R-09-007 

. . . . . . . . . 
. ENVIRONMENTAL 
....... , )''... i ~ i ~ y i  - GEOTECHNOLOGY %a":' LABORATORY 

MEDIUM FINE 

Project Name: 
ACTA Heim Bridge Replacement 

Client Job NO.: 06-123-03 

Client Name: Earth Mechanics, Inc. 

EGL Project No: 09-230-008 

COARSE 

GRAIN SlZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FIGURE 

SAMPLE NO 

S-18 

SOIL 
TYPE 

SP-SM 

LIQUID 
LIMIT 

NIA 

DEPTH 
(FT) 

95 

SAMPLE 
TYPE 

Bag 



HYDROMETER 

# I 0  #20 #40 #60 #I 00 #200 

W 
a. 

30 

20 

10 

0 

100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

. : ,  E NV 1 RO N M ENTAL .... .... .7,- ....... . . . . . .. -...... =%".,$ GEOTECHNOLOGY 
%%'&... - LABORATORY 

PLASTIC 
INDEX 

NIA 

Project Name: 
ACTA Heim Bridge Replacement 

Client job NO.: 06-1 23-03 
Client Name: Earth Mechanics, Inc. 

EGL Project No: 09-230-008 

LIQUID 
LIMIT 

NIA 

GRAIN SlZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FIGURE 

SOIL 
TYPE 

SP-SM 

SAMPLE 
TYPE 

Bag 

SYMBOL SAMPLE NO 

S-21 

BORING NO 

R-09-007 

DEPTH 
(FT) 

125 



GRAVEL SAND 

SYMBOL 

COARSE 

BORING NO 

R-09-007 

FINE 

SAMPLE NO 

S-23 

SILT OR CLAY 

I 1  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 3/4n 3 /sl' #4 # I 0  #20 #40 #60 #I00 #zoo 

100 

90 

80 

I- 
I 70 
c3 
2 60 

2 
IY 
W 
z 50 
- 
LL 
I- 
z 
W 

40 

0 
IY 
W 
11 

30 

20 

10 

0 
100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

COARSE 

.-. .... %I--:.. . ' . ENVIRONMENTAL ; ......-- """. . . . . . .. '%&.%9 GEOTECHNOLOGY 
q..... .I .""". - LAB0 RATORY 

DEPTH 
(FT) 

150 

Project Name: 
ACTA Heim Bridge Replacement 

Client J O ~  NO.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008 

MEDIUM 

SOIL 
TYPE 

SW-SM 

SAMPLE 
TYPE 

Bag 

GRAIN SlZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FIGURE 

FINE 

LIQUID 
LIMIT 

N/A 

PLASTIC 
INDEX 

NIA 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 
I 

AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1109 
Checked by: AP Date: 1211 1 109 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" *",%" 10%" %""/a8" #4 

PARTICLE SlZE (rnrn) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

O R-09-008 D-07 35 0.00 1.69 98.31 NIA ML 

R-09-008 D-09 45 0.00 0.32 99.68 57:33:24 MH 

A R-09-008 S-10 50 0.00 6.72 93.28 47:23:24 CL 



AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

Project Name: ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1 109 
Project No.: 06-1 23-03 Checked by: AP Date: 1211 1 I09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 2 " I W  1" 3/4" %11W #4 #8#10#16 #30 #50 # I00 #200 

1 0.1 

PARTICLE SlZE (mm) 

Symbol 

O 

E7 

A 

Boring No. 

R-09-008 

R-09-008 

R-09-008 

Sample 
No. 

D-I 1 

D-13 

U-15 

Sample 

Depth 
(feet) 

55 

65 

75 

Soil Type 
U.S.C.S 

ML 

ML 

SP-SM 

Atterberg Limits 
LL:PL:PI 

NIP 

N/A 

N/A 

Percent 

Fines 

90.80 

72.50 

6.74 

Gravel 

0.00 

0.00 

1.02 

Sand 

9.20 

27.50 

92.25 



AP Engineering & Testing, Inc. 

GRAIN SIZE DISTRIBUTION CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1 I09 

Checked by: AP Date: 1211 1 I09 

SILT OR CLAY 

COARSE FINE 2OARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

100 .. I .. l...lL 

go .... - -- 

....... - -. .- - 

. . . . .  

.. .... -. - - .- 

. .. - - -. 

...... 

PARTICLE SIZE (rnrn) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

O R-09-008 S-16 80 0.24 90.53 9.23 NIA SP-SM 

R-09-008 S-20 120 0.00 87.57 12.43 NIA SM 

A R-09-008 S-23 150 34.56 52.50 12.94 NIA SM 



AP Engineering & Testing, Inc. 

GRAIN SIZE DISTRIBUTION CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1/09 

Date: 1211 2/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SIZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

' Gravel Sand Fines LL:PL:PI ASTM 
(feet) D 2487 

0 R-09-009 U-09 45 0.77 14.53 84.70 31 :22:9 C L 

R-09-009 S-10 50 0.00 3.55 96.45 49:27:22 C L 

A R-09-009 D-13 65 0.14 10.96 88.90 NIP M L 



AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1 I09 
Checked by: AP Date: 1211 2/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

O R-09-009 S-16 80 0.00 85.64 14.36 NIA SM 

R-09-009 S-19 110 23.28 66.13 10.59 NIA SW-SM 

A R-09-009 S-22 140 39.61 50.88 9.51 N/A SW-SM 







I I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mrn) 

SILT OR CLAY GRAVEL SAND 

1 l~ro ject  Name: 

COARSE I FINE ICOARS~ MEDIUM I FINE 

-- 

PLASTICITY 
INDEX 

1 5  

EGL Project No: 09-230-008 
GRAINSIZE 

LIQUID 
LIMIT 

3 5 

. . . . . . . . . 
. ENVIRONMENTAL ........-- . . . . . . . -...... ..*.*.;.... , ., ". . 

GEOTECHNOLOGY 
?:%*A"* - LABORATORY 

DISTRIBUTION CURVE 
1 1/29/09 (ASTM D422) FIGURE 

SOIL 
TYPE 

CL 

ACTA Heim Bridge Replacement 

Earth Mechanic. Inc. Client: 
Job NO: 06-1 23-03 

SAMPLE 
TYPE 

BAG 

SYMBOL 

I7 

SAMPLE 
No. 

S-13-2 

BORING 
No. 

R-09-010 

DEPTH 
(FT) 

65.7 



1 

GRAIN SIZE (mrn) 

GRAVEL SAND 

l1.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

SYMBOL 

Project Name: 
ACTA Heim Bridge Replacement 

ient Job No.: 06-1 23-03 
LABORATORY Earth Mechanics, Inc. 

GRAIN SIZE 
DISTRIBUTION CURVE 

INOV-09 (ASTM D422) FIGURE 

SILT OR CLAY 
COARSE 

BORING NO 

R-09-010 

FINE 

SAMPLE NO 

S-2 1 

COARSE 

DEPTH 
(FT) 

120 

MEDIUM 

SAMPLE 
TYPE 

Bag 

FINE 

SOIL 
TYPE 

SP-SM 

LIQUID 
LIMIT 

NIA 

P LASTIC 
INDEX 

NIA 



GRAVEL SAND SILT OR CLAY 
COARSE FINE 

II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" I-%" y4," 3 
/8" #4 # l o  #20 #40 #60 # l o o  #zoo 

100 

90 

80 

I- 
I 70 
(3 

!2 
> 60 
m 
!x 
w 
Z 50 
- 
LL 
I- 
Z 
LLI 

40 

0 
CC 
W 
a 30 

20 

10 

0 
100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

SYMBOL 

Cl 

, FINE COARSE 

BORING NO 

R-09-010 

MEDIUM 

......... .. .,- ...... . . .  ..- -..". ENVIRONMENTAL .... ..;:; , ...... GEOTECHNOLOGY 
t..... ... "". - LABORATORY 

SAMPLE NO 

5-24 

Project Name: 
ACTA Heim Bridge Replacement 

Client Job NO.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008 

GRAIN SlZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FIGURE 

DEPTH 
(FT) 

150 

SAMPLE 
TYPE 

Bag 

PLASTIC 
INDEX 

NIA 

SOIL 
TYPE 

SP-SM 

LIQUID 
LIMIT 

NIA 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 
I 

AP Engineering & Testing, Inc, 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1 109 

Checked by: AP Date: 1211 2/09 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 2 " I W  I"%" 'A"%'' #4 #8#10#16 #30 #50 #I00 #ZOO 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

O R-09-0 1 1 S-07 3 5 0.00 14.12 85.88 29:23:6 CL-ML 

R-09-011 D-08 4 0 0.00 19.09 80.91 29:22:7 CL-ML 

A R-09-0 1 1 D-10 50 0.00 0.65 99.35 51 :23:28 CH 











GRAVEL SAND SILT OR CLAY 

COARSE FINE ZOARSE MEDIUM FINE 
I 

AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1109 

Date: 1211 2/09 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 2 " I W  1" 3/4" WX11 #4 #8#10#16 #30 #50 # I00  #ZOO 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

O R-09-013 U-05 25 0.00 24.03 75.97 30:23:7 CL-ML 

R-09-0 13 S-07 3 5 0.00 11.97 88.03 NIP ML 

A R-09-013 U-08 40 0.00 13.09 86.91 36:24: 12 C L 









GRAVEL SAND SILT OR CLAY 
COARSE I FINE ICOARS l MEDIUM I FINE 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE (rnm) 

I .  1 Project Name: 

PLASTICITY 
INDEX 

2 5 

EGL Project No: 09-230-008 

GRAINS IZE 

LIQUID 
LIMIT 

49 

. . . . . . . . . .-.... ...' e :  ENVIRONMENTAL ....- - -.':::::. ..*....-..,.; , .. 'a,. cqQ GEOTECHNOLOGY 
(.a+*. . ., 
. H W H r  - LABORATORY ' 

DISTRIBUTION CURVE 
1 1 129109 (ASTM D422) FIGURE 

SOIL 
TYPE 

C L 

ACTA Heirn Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job NO: 06-1 23-03 

SAMPLE 
TYPE 

BAG 

DEPTH 

(FT) 

35 

SAMPLE 
No. 

S-07 

SYMBOL 
BORING 

No. 

R-09-014 







U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 - /  3y"411 3 # I 0  #20 #40 #60 #I00 #zoo 

0 
IY 
W 
a 3 0 

20 

10 

0 

100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

PLASTIC 
INDEX 

NIA 

SOIL 
TYPE 

SM 

SYMBOL 

El 

. . . . . . . . . 
; : .  ENVIRONMENTAL : ..,.,..- .. ..... 
: -......... , . , . . . . Bqxi GEOTECHNOLOGY 

?....I 
.""I. - LABORATORY 

LIQUID 
LIMIT 

NIA 

DEPTH 
(FT) 

110 

Project Name: 
ACTA Heim Bridge Replacement 

Client J O ~  No.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 

EGL Project No: 09-230-008 

BORING NO 

R-09-0 1 4 

SAMPLE 
TYPE 

Bag 

GRAIN SlZE 
DISTRIBUTION CURVE 

NOV-09 (ASTM D422) FIGURE 

SAMPLE NO 

S-20 











GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

I 

AP Engineering & Testing. Inc. 

GRAIN SlZE DlSTRlBUTlON CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: ST Date: 1 111 9/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 

Date: 12/01 109 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (rnrn) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines LL:PL:PI ASTM 
(feet) D 2487 

O R-09-0 16 S-05 25 0.00 31.51 68.49 N/A ML 

R-09-016 U-09 45 0.13 80.18 19.69 NIP SM 

A R-09-016 S-1 1 55 0.00 22.55 77.45 N/A CL 



AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 111 9/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 
Date: 12/01 109 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (rnrn) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI U.S.C.S 

(feet) 

0 R-09-016 D-12-2 60.5 0.00 3.14 96.86 NIA ML 

17 R-09-016 S-19 100 0.19 93.34 6.47 NIA SP-SM 

A R-09-0 16 S-22 135 16.45 74.72 8.83 NIA SW-SM 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 
I 

AP Engineering & Testing, lnc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 111 9/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 

Checked by: AP Date: 12/01/09 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 2~11/2" 189 "/A" ~/~na/~*n #4 #8#10#16 #30 #50 #I00 #ZOO 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

0 R-09-017 U-I I 55 0.04 4.09 95.87 36:29:7 ML 

R-09-0 17 5-1 7 100 5.59 72.13 22.28 NIA SM 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

AP Engineering & Testing, inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: ST Date: 1 111 9/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 
Checked by: AP Date: 12101 I09 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

#4 #8#10#16 #30 #50 #I00 #ZOO 
.... .. .- 

........... - .- 

...... - - 

.. - - 

...... ... .- - 

.... ...... - -- 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI u.s .c .s  

(feet) 

O R-09-0 17 S-20 135 0.00 85.25 14.75 NIA SM 

R-09-017 S-22+S-23 165-1 80 52.79 39.24 7.97 NIA SW-SM 







AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 1211 0109 

ACTA Heim Bridge Replacement Computed by: KM Date: 12120109 

Checked by: AP Date: 12120109 

GRAVEL SAND SILT OR CLAY 

COARSE FINE SOARSE MEDIUM FINE 

SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (rnrn) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

0 R-09-0 1 8 S-27 160 1.41 89.54 9.05 NIA SP-SM 





AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 1 211 4/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 12120109 
Checked by: AP Date: 1 2120109 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

0 R-09-019 S-I I 55 0.69 11.27 88.04 N/A ML 

R-09-019 D-12 60 0.93 10.38 88.69 38:24:14 C L 

A R-09-019 U-13 65 0.00 11.88 88.12 28:22:6 CL-ML 













AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: DK Date: 1211 4/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 12/20/09 
Checked by: AP Date: 12/21 109 

GRAVEL SAND SILT OR CLAY 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

O R-09-020 S-22 140 22.36 69.03 8.61 NIA SW-SM 

CI R-09-020 S-25 185 0.00 7.62 92.38 33:24:9 ML 



SILT OR CLAY GRAVEL SAND 

PLASTIC 
INDEX 

NIA 

LIQUID 
LIMIT 

NIA 

I1 S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" I-%" y4," 3 /a1' #4 # l o  #20 #40 #60 # loo  #200 

100 

90 

80 

t- 
I 70 
c3 
2 60 

L 
I1L 
W 
Z 

50 
- 
L 
t- 
z 40 
W 
0 
rr: 
W 
a 30 

20 

10 

0 

100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

- 

SOIL 
TYPE 

ML 

SYMBOL 

0 

. . 
. - . . . . . . . ' :  ENV l RON MENTAL : ..,.,..- .." "' 

. ;;::xfi . . . . . A GEOTECHNOLOGY ........ ::::3 - F. ... . .I 
."""F -" LAB0 RAT0 RY 

Project Name: 
ACTA Heim Bridge Replacement 

cl- lent Job No.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008 

MEDIUM COARSE COARSE 

GRAIN SlZE 
DISTRIBUTION CURVE 

1 1 129/09 (ASTM D422) FIGURE 

FINE FINE 

BORING NO 

R-09-021 

SAMPLE NO 

D-02 

DEPTH 
(FT) 

10 

SAMPLE 
TYPE 

RING 



II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" I-%" 3/," 3/t3" #4 # I 0  #20 #40 # I00 #200 

GRAVEL 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

COARSE I FINE JCOARS I MEDIUM I FINE 

SAND 

1 project Name: 

SILT OR CLAY 

PLASTICITY 
INDEX 

32 

~ E G L  project NO: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1 /29/09 (ASTM D422) FIGURE 

. . . . . . . . . .-.... 
,.:.;.:.'&.'.'.;1:. ENVIRONMENTAL ,.... - ***:::::. 
,.......*.q.i , , . . . . . EFqz5 GEOTECHNOLOGY 
t:zaA,.F ,, LABORATORY 

SOIL 
TYPE 

CH 

SAMPLE 
TYPE 

Shelby 
Tube 

ACTA Heirn Bridge Replacement 

Earth Mechanic, Inc. Client: 
Job NO: 06- 123-03 

LIQUID 
LIMIT 

61 

DEPTH 
(FT) 

20 

SYMBOL 

CI 

BORING 
No. 

R-09-021 

SAMPLE 
No. 

U-04 





I I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" I-% 3/411 3/811 #4 # I 0  #20 #40 # I00 #200 

1 0.1 0.01 0.001 

GRAIN SIZE (mrn) 

SILT OR CLAY GRAVEL SAND 

I 1 Project Name: 

COARSE I FINE 1 COARSl MEDIUM I FINE 

PLASTICITY 
INDEX 

12 

(EGL Project No: 09-230-008 

GRAINSIZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM 0422) FIGURE 

LIQUID 
LIMIT 

35 

. . . . . . . . . 
ENVl RON M ENTAL 
GEOTECHNOLOGY 

,, LABORATORY 

SOIL 
TYPE 

CL 

SYMBOL 

ACTA Heim Bridge Replacement 

Earth Mechanic, Inc. Client: 
Job NO: 06-1 23-03 

BORING 
No. 

R-09-021 

SAMPLE 
No. 

D-17 

DEPTH 

(FT) 

75 

SAMPLE 
TYPE 

RING 



I I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

#I0 #20 #40 #60 #I00 #200 

0 

W 
a 30 

20 

10 

0 

100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

SYMBOL BORING NO 

R-09-021 

.-....~ . . . . z;;. :. . . ' . ENVIRONMENTAL ,. ......-.- """' ....... ...-. -..-... :::= GEOTECHNOLOGY ,..... .*." 
-' LABORATORY 

SAMPLE NO 

S-18 

Project Name: 
ACTA Heim Bridge Replacement 

Client ~ o b  NO.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008 

GRAIN SlZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FIGURE 

DEPTH 
(FT) 

80 

LIQUID 
LIMIT 

NIA 

PLASTIC 
INDEX 

NIA 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

ML 





I1.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 3/4" 3 /a'' #? # l o  #20 #40 # 6 0  #I 00 #200 

SILT OR CLAY GRAVEL SAND 

100 

90 

80 

t- 
I 70 
2 
2 60 

25 
Cc 
W 50 
z - 
u 
I- 
Z 40 
W 
0 
Cc 
w 30 
a 

20 

10 

0 

100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

.?... . . ENVl RONM ENTAL .... .....- . . . . . . . . . .. .. . -...... .... - GEOTECHNOLOGY 
y:zY.... - LAB 0 RAT0 RY 

PLASTIC 
INDEX 

N/A 

Project Name: 
A C T A  H e i m  B r i d g e  R e p l a c e m e n t  

C l i e n t  ~ o b  NO.: 0 6 - 1  2 3 - 0 3  

C l i e n t  N a m e :  E a r t h  M e c h a n i c s ,  Inc .  
EGL P r o j e c t  N o :  0 9 - 2 3 0 - 0 0 8  

FINE 

LIQUID 
LIMIT 

NIA 

GRAIN SlZE 
DISTRIBUTION CURVE 

1 1/29/09 (ASTM D422) FIGURE 

MEDIUM 

SOIL 
TYPE 

SW-SM 

COARSE COARSE FINE 

DEPTH 

(FT) 

150 

SAMPLE NO 

S-23 

SYMBOL 
SAMPLE 

TYPE 

Bag 

BORING NO 

R-09-021 







AP Engineering & Testing, tnc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: DK Date: 1211 7/09 

ACTA Heim Bridge Replacement Computed by. KM Date: 12/26/09 
Date: 01/03/10 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (rnrn) 

Symbol Boring No. Sample Sample 

R-09-022 S-19 1811 7259 

R-09-022 S-22 003  1575 



GRAVEL SAND SILT OR CLAY 

COARSE FINE ZOARSE MEDIUM FINE 
I 

AP Engineering 8( Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 1211 4/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 12/20/09 

Checked by: AP Date: 12/21 109 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 201%n 1" y,n % ~ 3 g t q  #4 #8#10#16 #30 #50 # I00 #200 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

O R-09-023 S-03 15 0.00 4.09 95.91 NIA ML 

R-09-023 U-07 3 5 0.01 8.67 91.32 32:25:7 ML 

A R-09-023 U-09 45 1.34 27.50 71.16 29:22:7 ML 





AP Engineering & Testing. Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 1211 4109 

ACTA Heim Bridge Replacement Computed by: KM Date: 12/20/09 

Checked by: AP Date: 12/21 109 

GRAVEL SAND SILT OR CLAY 

ZOARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

3" 2"IW 1" 3/4" X1%ll #4 #8#10#16 #30 #50 #I00 #ZOO 

PARTICLE SlZE (rnrn) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

0 R-09-023 D-15 7 5 0.00 2.51 97.49 37:27:10 M L 

R-09-023 S-16 80 0.03 12.12 87.85 NIP M L 

A R-09-023 S-19 100 4.73 84.01 1 1.26 NIA SW-SM 



















I 1  S STANDARD SIEVE OPENING U.S. STANDARD S I N E  NUMBER HYDROMETER 

# I0  #20 #40 #I00 #200 

GRAVEL 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

COARSE I FINE ~ C O A R S ~  MEDIUM 1 FINE 

SAND 

1 Project Name: 

SILT OR CLAY 

SYMBOL 

~ E G L  Project No: 09-230-008A 

GRAINSIZE 
DISTRIBUTION CURVE 

12/21/09 (ASTM D422) FIGURE 

BORING 
No. 

R-09-027 

. . . . . . . . , .-.... 
. ~ : .  ENV~RON MENTAL ....- 7,- -:::;::. ,...... - .... . , . . 0 . 8 . 

GEOTECHNOLOGY 
y*.**. 
.C.H...C - LABORATORY 

ACTA Heirn Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 

SAMPLE 
No. 

U-01 

DEPTH 
(FT) 

11 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

CL 

LIQUID 
LIMIT 

44 

PLASTICITY 
INDEX 

21 





GRAVEL 

SYMBOL 

SAND SILT OR CLAY 

BORING 
No. 

R-09-027 

COARSE I FINE ICOARSI MEDIUM / FINE 

II S STANDARD SIEVE OPENING U S STANDARD SIEVE NUMBER HYDROMETER 

3" 1-1/2" 3~ 3/8*1 #4 # I0  #20 #40 #I00 #200 

100 

90 

80 

I- 
I 70 E 
9 

60 i% 
IY 
w 
Z - 50 
LL 

I- 
z 
W 

40 

0 
Or: 
W 
a 30 

20 

10 

0 
I00  10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

- 
.k.:q..:..';. ENVIRONMENTAL 
....=a '::::" ...... .....* > ''*.'. 
%x&.% GEOTECHNOLOGY 

7r.r.. *.."..* ,, LABORATORY 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 
EGL Project No: 09-230-008A 

PLASTICITY 
INDEX 

30 

SAMPLE 
No. 

U-09 

GRAINSIZE 
DISTRIBUTION CURVE 

1 212 1 I09 (ASTM D422) FIGURE 

DEPTH 
(FT) 

45 

SOIL 
TYPE 

CH 

SAMPLE 
TYPE 

Shelby 
Tube 

LIQUID 
LIMIT 

54 



I 
COARSE I FINE ICOARS~ MEDIUM I FINE 

GRAVEL 

1 l . S  STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER 

3" 1 -  3 / ~ ' '  #4 # l o  #20 #40 #I 00 #200 

HYDROMETER 

100 

SAND 

100 10 1 0.1 

GRAIN SIZE (mm) 

SILT OR CLAY 

I l~ ro jec t  Name: 

SYMBOL 

1 EGL P r o j e c t  NO: 09-230-008A 

GRAINSIZE 
DISTRIBUTION CURVE 

12/22/09 (ASTM D422) FIGURE 

BORING 
No. 

R-09-027 

. . . . . . . . . .-.. ... ' <Y.'. :.. EN"l . . . . . . . . . . . . . ........--., ..... RONMENTAL 
-....a. : ..... - ..,. , " . . " 

3 GEOTECHNOLOGY 
qrr*.. 
.*."HC ,, LABORATORY 

ACTA H e i m  B r i d g e  R e p l a c e m e n t  

Client: E a r t h  M e c h a n i c s ,  Inc .  

Job NO: 06-1 23-03 

SAMPLE 
No. 

S-10 

DEPTH 
(FT) 

50 

SAMPLE 
TYPE 

Bag 

PLASTICITY 
INDEX 

2 

SOIL 
TYPE 

ML 

LIQUID 
LIMIT 

25 





I l l  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER I 
GRAVEL 

100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

COARSE I FINE ICOARS I MEDIUM FINE 

SAND 

I 1 Project Name: I 

SILT OR CLAY 

SYMBOL 

~ E G L  Project No: 09-230-008A 
GRAINSIZE 

BORING 
No. 

R-09-027 

. . . . . . . . , .-..,. 
. ~ : :  ENV~ RON M ENTAL .. .. -7.- .-.:::;:, ......, - .... , """ FqQ GEOTECHNOLOGY 

T:%*A..~ ,, LABORATORY 

DISTRIBUTION CURVE 
1 212 1 I09 (ASTM D422) FIGURE 

ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 

SAMPLE 
No. 

S-16-1 

DEPTH 
(FT) 

80 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

C L 

LIQUID 
LIMIT 

32 

PLASTICITY 
INDEX 

9 



LI S STANDARD SIEVE OPENING U.S. STANDARD S I N E  NUMBER HYDROMETER 

# l o  #20 #40 #60 #I00 #200 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 
1 0.1 0.01 

GRAIN SlZE (mm) 

SYMBOL 

17 

. ~ :  ENVl RON M ENTAL : ..,.,..- ...,... ....... 1 ".... Gqyi .. GEOTECHNOLOGY 
x:&":' 

LABORATORY 

BORING NO 

R-09-027 

Project Name: 
ACTA Heim Bridge Replacement 

client J D ~  NO.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008A 

GRAIN SlZE 
DISTRIBUTION CURVE 

Dec-09 (ASTM D422) FIGURE 

SAMPLE NO 

S-17 

DEPTH 
(FT) 

90 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

SM 

LIQUID 
LIMIT 

NIA 

PLASTIC 
INDEX 

NIA 



l1.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

#I0 #20 #40 #60 #I00 #200 

Z 40 
W 
0 
K 
W 
a 30 

20 

10 

0 

100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

. - . . . , . . 
" ' . . . . . . ENVIRONMENTAL . . . . . . . . . . ......- -I&; -....... ....- GEOTECHNOLOGY 
V.&". LAB0 RAT0 RY 

PLASTIC 
INDEX 

NIA 

Project Name: 
ACTA Heim Bridge Replacement 

client ~ o b  NO.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 

EGL Project No: 09-230-008A 

LIQUID 
LIMIT 

NIA 

SYMBOL 

GRAIN SlZE 
DISTRIBUTION CURVE 

Dec-09 (ASTM D422) FIGURE 

BORING NO 

R-09-027 

SAMPLE NO 

5-20 

DEPTH 
(FT) 

120 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

SM 











GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

AP Engineering & Testing, Inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 12/28/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 12/31/09 
Checked by: AP Date: 12/31 109 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mrn) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

0 R-09-029 U-12 60 0.00 12.36 87.64 27:22:5 ML 

R-09-029 5-1 7 85 0.00 31.14 68.86 NIA ML 

A R-09-029 S-21 125 18.02 68.46 13.52 NIA SM 





US Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" y 2 y2" 1 5" 1" 314" 1/zU 31.5" #4 68 #I0 #I6 #20 #30 #40 #50 660 #loo #ZOO 

100.0 

90.0 \ 

\, 
80.0 

- 
70.0 . s - 

Y - - 
cn 

60.0 .- 
J s 

\ 
X rr 

50.0 - 
J 
c 
G 
* 

40.0 c J 

0 
fi 

30.0 \ 

10.0 

0.0 
1 

Grain Size (mm) 

Gravel Sand 
Cobbles Fine 

Silt or Clay 
coarse I 1 Coarse I Medium Fine 

Boring Sample Depth below 
Symbol Soil Color Soil Description 

Number Number Deck (ft) Mudline (ft) 
U.S.C.S. 

0 WR-09-041 S-13 107.0 65.0 / olive-gray Poorly graded sand with s~l t  SP-SM 

----I-- 
I Remark 10.00 

I I 

Earth Mechanic% Inc. A CTA Schoyler Heim Bridge Project -$%$ 3 Gcoicchnici~l and Enrtllqualce Engineering 
GRAIN SIZE ANALYSIS 

-"u '4 (ASTM D-422-63) 
Project No. : 06-123-3 1 Date : 12/18/09 F~gurc NO. . 



1 
Grain Size (mm) 

US Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" 3"2 5 2 "  1 5" 1" 314" 112" 318" 84 #8 810 816 820 830 #40 850 860 # I00  #ZOO 

Gravel Sand 
Cobbles Coarse I Fine Silt or Clay 1 Coarse I Medium Fine 

Boring Sample Depth below 
Symbol 

Number Number Deck (ft) Mudline (ft) 
Soil Color Soil Description U.S.C.S. 

@ WR-09-041 S-16 127.0 85.0 olive-gray Sflty sand with gravel SM 

Earth Mechanics, Inc* ACTA Schoyler Heirn Bridge Project 
Ceoteehnicul und Earthquahe Enginerrin:: 

GRAIN SIZE ANALYSIS 
.ws (ASTM D-422-63) 

Project NO. : 06-123-3 1 Date : 12/18/09 Figure NO. . 



US Standard Sieve Sizes Hydrometer Analysis 
8" 5" 4" 3"2 5"2" 1 5" 1" 314" 112" 318" #4 #8 #I0 #I6 #20 #30 #40 #50 #60 4100 #ZOO 

1 

Grain Size (mm) 

Gravel Sand 
Cobbles Coarse I Fine 

Silt or Clay 1 Coarse I Medium Fine 

Boring Sample Depth below 
symbol Soil Color Soil Description 

Number Number Deck (ft) Mudline (ft) 
U.S.C.S. 

@ WR-09-041 S-I9 157.01 & Olive-gray Poorly graded sand with silt with gravel SP-SM 

Remark I I 
I I 

Earth Mechanics, Inca A CTA Schoyler Heim Bridge Project 4f'b GRAIN SIZE ANALYSIS 
;& Geotechnical iind E~~rthquulce Engineering (ASTM D-422-63) 

Project NO. : 06-123-3 1 Date : 12/18/09 Figure NO. : 



1 

Grain Size (mm) 

Boring Sample Depth below 
Symbol 

Number Number Deck (ft) Mudline (ft) 
Soil Color Soil Description U.S.C.S. 

@ WR-09-041 S-21 177.0 135.0 olive-gray Silt ML 

Remark 

I I 
Earth Mechanics, Inc. A CTA Schoyler Heim Bridge Project GRAIN SIZE ANALYSIS 
G~olcchnicnl nnd Earthgunkc Engineering vL?2 ' (ASTM D-422-63) 

Project NO. : 06-123-3 1 Date : 12/18/09 F~gure NO. 



U S  Standard Sieve Sizes Hydrometer  Analysis  
6" 5" 9" 3M 2 5 " ~ "  1 5 "  1" 314 112" 318" #4 #8 # l o  # I 6  #20 #30 #40 #50#60 # I00 #ZOO 

100.0 

90 0 

80.0 

70.0 

* - - 
M 

60.0 .- 
0 

3 
5-, 
P 

50.0 L 0 - 
iz 
* 

40.0 
- 
J 

L 

d 
30.0 

20.0 

10.0 

0.0 
1000 100 10 1 0.1 0.01 0.001 

Grain Size (mm) 

Silt or Clay Gravel  S a n d  
Cobbles 

U.S.C.S. 
S W-SM 

Fine Coarse I 1 Coarse / Medium 

Soil Color 
dark olrve-gray 

Remark 

Fine 

Soil Description 

Well graded sand wrth silt 

Sample 
Number 

5-24 

- 

Symbol 

@ 

Depth below Boring 
Number 

WR-09-041 

- 

-- 

Deck (ft) 
202.0 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 

Figure NO. : 

Earth Mechanics, h c *  
-$ r.$;- G c o t u h n i u l  and Frrthqvakr Yngincering 

Mudline (ft) 
160.0 1 

ACTA Schuyler Heim Bridge Project 

Project NO. : 06-123-3 1 Date : 12/18/09 





PARTICLE SIZE ANALYSIS OF SOIL 
ASTM D-422-63 (Rev. 1990) 1 CT - 202,203 



PARTICLE SIZE ANALYSIS OF SOIL 
ASTM D-422-63 (Rev. 1990) / CT - 202,203 

Project No : 06-123-3 Project Name : ACTA Schuyler Heirn Bridge Project 
Standard : CAL. TRAN. ASTM OTHER 



PARTICLE SIZE ANALYSIS OF SOIL 
ASTM D-422-63 (Rev. 1990) / CT - 202,203 

Project N o  : 06-123-3 Project Name : ACTA Schuyler Heim Bridge Project 

Standard : CAL. TRAN. ASTM OTHER 





US Standard Sieve Sizes Hydrometer Analysis 
5" 5" 4" 3"25"2" 15" 1" 314" 112" 318" #4 #8 #I0 #I6 #20 #30 #40 #50#60 #I00 #ZOO 

100.0 

1 

Grain Size (mm) 

. PT Earth Mechanics, Inc. ACTA Schuyler Heim Bridge Project -&!-- -, =-r Ccutechnicul and Earthc[uahe Eng~neering 
GRAIN SIZE ANALYSIS 

-- - (ASTM D-422-63) 
Project No. : 06-123-3 1 Date : 12/18/09 F~gurc NO 



US Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" 3"2 5"2" 1 5" 1" 314" 112" 318" X4 #a # l o  # I6  #20 #30 #40 #50#60 # loo #200 

1 0.1 

Grain Size (mm) 

Gravel Sand 
Cobbles 

Coarse I Fine 1 Coarse I Medium Fine 
Silt or Clay 

Boring Sample Depth below 
Symbol 

Number Number Deck (ft) I Mudline (ft) 
Soil Color Soil Description U.S.C.S. 

0 WR-09-042 5-72 113.0 / 1 59.0 1 Olive-gray Poorly graded sand SP 

Remark I 
I I 

A CTA Schuyler Heim Bridge Project GFLUN SIZE ANALYSIS 
(ASTM 1)-422-63) 

Project NO. : 06-123-3 1 Date : 12/18/09 Figure NO. : 



US Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" 3"25"2" 1 5" 1" 314" 112" 318" #4 #8 #I0 #I6 #20 #30 #40 #50#60 #loo #ZOO 

100.0 - 

90.0 - 

80.0 - 

70.0 - - 
s - 
Y - - 
M 

60.0 - .- 
w 
3 
X 
m 

50.0 - L 
e 

Y 

40.0 - e 
U 

-1 
fi 

30.0 - 

\ 
20.0 - P 

10.0 - -- ------------------ 
I 

0.0 7 

1 0.1 

Grain Size (mm) 

Gravel Sand 
Cobbles Coarse I Fine 1 Coarse I Medium Fine Silt or Clay 

Depth below 
Deck (ft) I Mudline (ft) Soil Color Soil Description U.S.C.S. 

133.0 1 1 79.0 / I olive-gray I Silty sand with gravel 

Remark 

I I 
I " '  Earth Mechanics, Inc- ACTA Schoyler Heim Bridge Project -&pF. ,8>"*t ."! 

Gcotechnici~l and Enrthqunkc Engineering 
GRAIN SIZE ANALYSIS 

* L v 4  (ASTM D-422-63) 
Project No. : 06-123-3 1 Date : 12/18/09 F~gure NO. . 



US Standard Sieve Sizes Hydrometer Analysis 

1 5" 1" 314 112" 318" #4 #8 # I0  # I 6  #20 #30 #40 #50 #60 #loo #ZOO 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 







PARTICLE SIZE ANALYSIS OF SOIL 
ASTM D-422-63 (Rev. 1990) 1 C T  - 202,203 

Washed By : PA Computed By : J F  Date :  12/29/09 Date : 
Boring No. : WR-09-043 1-1 Deck (ft): '08"0 1 sieve I Cimulative Cimulative 

Depth below (%) Sieve 
Samnle No. : 0-13 Mudline (ft): 52.00 Weight Weight (%I 

Project No : 06-123-3 

I Description : Olive-gray, Poorly graded SAND with SlLT (SP-SM) 

Projec t  N a m e  : ACTA Schuyler Heirn Bridge Project 

Before Washing After 3" -- 1 NO. 16 1 74.09 -.I 
Sample Wet 2.5" No. 20 

Tested 1 Moisture Sieve 2.0" No. 30  150.81 

Container Number s-7'9 I S-I9 I S-19 1.5" No. 40 

Standard : l7 CAL. TRAN. ASTM OTHER 

l ~ r e n a r e d  Bv : PA Date : 12/16/09 1 Tested Bv : PA Date : 12/18/09 1 Checked  Bv : I 

I I I I . -. 

Before Washing After 3 " No. 1 6  / 39.67 185071 

l ~ o n t a i n e r  Number I S-20 1 S-20 I S-20 1 1.5" 1 I I No. 40 1 I I 

Washed By : PA Date : 12/17/09 1 Computed By : J F  Date :  12/29/09 

1.0" 
314" 

Weight of Container(gm) 112" 

Date : 

l ~ r e ~ a r e d  By : PA Date:  12/16/09 1 Tested By : PA Date : 12/18/09 1 C h e c k e d  By : I 

Boring No. : WR-09-043 

Sample No. : S-16 
Sieve 

No. 8 
Nn. 10 

Sieve 

511 
4" 

1 E;l*l ~ 1 ~ 1 ~ ~ 1  
Moisture 

Description . Dark greenish gray, Well-graded SAND with SILT (SW- 
' SM) 

Depth below 
Cimulative 

Weight 

12.05 
ppp 

Wet Wt. of Soil + Cont.(gm) 
Dry Wt. of Soil + Cont.(grn) 

eight of Container(grn) 

Cimulative 

Weight 
Deck (ft): 1 133.0 

Mudline (ft): 1 77.00 (%) 

95.47 

Washed By : PA Date : 12/17/09 1 Computed By : JF Date : 12/29/09 

Remarlc : cu : Gravel I Sand I Fine 
cc : 31 1 57 1 12 

(%) 

Date : 
Boring No. : WR-09-043 

Sample No. : S-I8 

Cimulative 

Weight 

61.27 

Sieve 

No. 8 
Nn  I n  

Depth below (%) 
Cimulative 

Weight 

157.74 
Description 

Dark greenish gray, Poorly graded SAND with SILT 
and GRAVEL ISP-SM) 

5i1 
A" 

Deck (ft): 1 153.0 
Mudline (ft): 1 97.00 

Sieve 



PARTICLE SIZE ANALYSIS OF SOIL 
ASTRI D-422-63 (Rev. 1990) / CT - 202,203 

PI-oject No : 06-123-3 - Project Name : ACTA Schuyler Heim Bridge Project - I 
Standal-d : CAL. TRAN. U ASTM OTHER I 

Wet Wt. of Soil + Cont.(gm) 
Dry Wt. of Soil + Cont.(gm) 



PARTICLE SIZE ANALYSIS OF SOIL 
ASTAJ D-422-63 (Rev. 1990) 1 CT - 202,203 

Project No : 06-123-3 Project Name : ACTA Schuyler Heirn Bridge Project 

Standard : CAL. TRAN. ASTM OTRER 





U S  Standard Sieve Sizes Hydrometer Analysis 
5" y 4" 3"2 5"2" 1 5.' 1" 314" 112" 318" #4 #8 810 # I6  #20 #30 #40 #50#60 # loo #200 

100 0 

90.0 

80.0 

70.0 - 
s 
V 

4. - - 
M 

60.0 .- 
w 

3 
X m 

50.0 L 

E 5 
* 

40.0 E 
-I 

E=: 
30.0 

20.0 

10.0 

0.0 
1000 100 10 1 0.1 0.01 0.001 

Grain Size (mm) 

Gravel 
Cobbles 

Sand 
Coarse I Fine 1 Coarse I Medium Fine Silt or Clay 

Boring Sample Depth below 
Symbol 

Number Number Deck (ft) Mudline (ft) 
Soil Color Soil Description U.S.C.S. 

8 WR-09-043 S-16 133.0 77.0 dark greenish gray Well graded sand with silt S W-SM 

Remark 

+$ Earth Mechanics, lnc. ACTA Schuyler Heim Bridge Project 
* -2i -" *>-- i 3, r 

GRAIN SIZE ANALYSIS 
3 (ASTM D-422-63) 

Project NO. : 06-123-3 1 Date: 12/18/09 Figure NO. : 



1 0.1 

Grain Size (mm) 

US Standard Sieve Sizes Hydrometer Analysis 
6 5" 4" 3"2 5'2" 1 5" 1" 314" 112" 318" #4 #8 #I0 #I6 #20 #30 M 0  #50 #60 #I00 #200 

100.0 

90.0 

80.0 

- 70.0 $ - 
+ 
.c 
bn 

60.0 .- 
; 
X 
a 

50.0 i 
-I 
E 
G - 

40.0 E e, 

2 
P1 

30.0 

20.0 

10.0 

0.0 

Silt or Clay 
Gravel 

Symbol 

0 

Sand 

Earth Mechanics? I ~ c *  
k a n a  r 
-* ,*, ,?>=,P Gcatcchnicnl and E~lrthquilkc Engineering 
-?"rr 

Boring 
Number 

WR-09-043 

Cobbles 

A CTA Schuyler Heim Bridge Project 

Project NO. : 06-123-3 1 Date : 12/18/09 

Sample 
Number 

S- 18 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 

Figure NO. : 

Coarse I Fine 1 Coarse 1 Medium Fine 

Depth below 
Soil Color 

dark greenish gray 
Deck (ft) 

153.0 
Mudline (ft) 
97.0 

Soil Description 

Poorly graded sand with silt with gravel 

U.S.C.S. 

SP-SM 







US Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" 3"2 5"2" 1 5" 1" 314 112" 318" #4 #8 #I0 #I6 #20 #30 #40 #50 #60 #loo #ZOO 

100.0 a. 

90.0 - 

80.0 ------ 

70.0 - 

60.0 

50.0 

40.0 . 

30.0 

20.0 . 

10.0 

I v 
0.0 i 

1 

Grain Size (mm) 

Cobbles 
Gravel Sand 

Coarse 1 Fine Coarse I Medium Fine Silt or Clay 

Boring Sample Depth below 
Symbol 

Number Number Deck (ft) Mudline (ft) Soil Color Soil Description U.S.C.S. 
WR-09-044 S-15 128.0 81.0 olive-gray Well graded gravel with sand GW 

Remark 

+$+ Earth Inc. ACTA Schoyler Heim Bridge Project 
-QY *I,.* : "( , r c Gentechnical and tl,arthquske L~~ztnaer~n!! I I GRAIN SIZE ANALYSIS 

(ASTM D-422-63) 
I Project NO. : 06-123-3 1 Date : 12/18/09 1 Figure NO. : 



1 0.1 

Grain Size (mm) 

US Standard Sieve Sizes 

Cobbles 
Gravel Sand 

Coarse 1 Fine Coarse 1 Medium Fine Silt or Clay 

Boring Sample Depth below 
Symbol 

Number Number Deck (ft) Mudline (ft) Soil Color Soil Description U.S.C.S. 

1) WR-09-044 S-17 148.0 101.0 dark greenish gray Well graded sand with silt with gravel S W-SM 

Remark 

Hydrometer Analysis 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 

6" 5" 4" 3"2 5"2" 1 5" 1" 314. 112" 318" #4 #8 #I0 #I6 #20 #3(1 #40 #50#60 #loo #ZOO 
100.0 

90.0 

80.0 

70.0 

60.0 

50.0 

40.0 

30.0 

20.0 

10.0 

0.0 

'- 

-- Y 



L U S  Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" 3"2 5"2" 1 5" 1" 314 112" 318" #4 #8 #I0 #I6 #20 P30 #40 #50 #60 #lo0 #ZOO 

100.0 

90.0 

80.0 

70.0 s - 
4- - - 
an 

60.0 .- 
-1 

3 
h 
P 

50.0 L 
w 
c 
I;: 
Y 

40.0 c 
U L 

a 
30.0 

20.0 

10.0 

0.0 
1 

Grain Size (mm) 

Gravel 
Cobbles 

Sand 
Coarse I Fine Coarse 1 Medium Fine Silt or Clay 

Boring Sample Depth below 
Symbol 

Number Number Deck (ft) Mudline (ft) 
Soil Color Soil Description U.S.C.S. 

@@ WR-09-044 5 1 9  148.01 lOl.Ol Gray Well graded gravel with silt and sand GW-GM 

Remarlc 

I I 
&$k Earth Mechanics, Inc. A CTA Schoyler Heim Bridge Project 

:*:: 1 ,, Gcotcchnicnl nnd Enrthqunkc Enginccr~ng 
GRAIN SIZE ANALYSIS 

WL* = (ASTM D-422-63) 
Project N o .  : 06-123-3 1 Date : 12/18/09 F~gurc NO. : 



Grain Size (mm) 

Gravel 
Cobbles 

Sand 
Coarse I Fine Coarse I Medium Fine Silt or Clay 

Boring Sample Depth below 
Symbol 

Number Number Deck (ft) Mudline (ft) Soil Color Soil Description U.S.C.S. 

0 WR-09-044 S-23 208.0 161.0 Dark olive-gray Poorly graded sand with s~l t  SP-SM 

I 

Remark 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

Project Name : ACTA/Schuyler Heim Bridge Project 

Project No. : 06-123-3 Tested Standard : ASTM CAL. TRANS. 

Depth below Mudline (ft): 

Remark : Retaining on #4 are shell fragments r l I Cu: 85.4 

CC:  4.5 

Gravel 

I 
Sand 

58 
Fine 

41 





REGULAR PPYDRBMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

Calculated By : JF Date : 12/03/09 

Remarlc : 
CII:  35.2 

CC:  15.9 
Retaining on #4 are shell fragments 

Gravel 

1 
Sand 

78 
Fine 

2 1 



US Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" 3"2 5"2" 1 5" 1" 314 112" 318" #4 #8 #I0 # I6  #20 #30 #40 #50#60 #I00 #ZOO - 

1 
Grain Size (mm) 

Gravel Sand 
Cobbles Coarse I Fine Coarse I Medium Fine 

SiIt or Clay 

Boring Sample Depth below 
Symbol 

Number Number deck( ft ) mudline ( ft ) 
Soil Color Soil Description U.S.C.S. 

@ WR-09-041 S-2 47.0 5.0 dark greenish gray Silty sand SM 

I Remarlc I Retaining on #4 are shell fragments 

I I 
Earth Mechanics, Inc. A CTA/Sch uyler Heim Bridge Project GRAIN SIZE ANALYSIS 
Geoteclmicnl and Eurthqiknhe Engineering (ASTM D-422-63) 

project NO. : 06-123-3 1 Date: 12/03/09 Figure NO. : 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

Tested By : PA Date : 11/26/09 

Date : 11/28/09 

Sro~iple for H~rlrorrrerer shoulrlprrssing (No.10-ASTAd) B (No.4 -Cr11. finri.). 65 girl forfine d I 

Wt. of Dry Soil + Container (gm) 

Obersved 
Time 

Remarlc : 

U.S. Sieve 
Size 

2.5" 

2.0" 

1.5" 

1.0" 

314" 

112" 

318" 

No. 4 

No. 8 

No. 10 

Cll : 2.1 
- Gravel Sand Fine 

Retaining on #4 are shell fragments 
CC: 7.2 0 89 17 

Wt. of Dry 
Soil (gm) 

Cumulative Wt. 
of Dry Soil (gm) 

0.00 

0.00 

Finer 
Than 

- 

100.00 

100.00 

Liquid 
Limit 

- 

Plastic 
Limit 

- 
Plastic 
Index 

- 

U.S. Sieve 
Size 

No. 16 

No. 20 

No. 30 

No.40 

No. 50 

No. 60 

No- 100 

No. 140 

No. 200 

Pan 

Cumulative Weight 
of Dry Soil (gm) 

0.02 

0.04 

0.47 

24.88 

99.33 

105.72 

Wt. of Dry 
Soil (gm) 

% Finer 
Than 

99.98 

99.96 

99.58 

77.77 

11.23 

. -- 

'%, Total 
Sample 

99.98 

99.96 

99.58 

77.77 - 

11.23 
- rL *-v 

, 2 ,-:+ - - -- 



US Standard Sieve Sizes Hydrometer Analysis 

1 0.1 

Grain Size (rnm) 

Gravel Sand 
Cobbles Coarse I Fine Coarse I Medium Fine Silt or Clay 

Boring Sample Depth below 
Symbol Number Number deck( ft ) mudline ( ft ) Soil Color Soil Description U.S.C.S. 

0 WR-09-047 0-3 52.0 1 10.0 1 dark greenish gray Poorly graded sand with silt SP-SM 

I Remark I Retaining on #4 are shell fragments I 

Earth Nlechanics? Inc. ACTA/Schuyler Heim Bridge Project GRAIN SIZE ANALYSIS 
Ceot~!chnicnl nod Enrthquahe Engineering (ASTM D-422-63) 

Project NO. : 06-123-3 1 Date : 12/03/09 Figure NO. : 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

Project Name : ACTA/Schuyler Heim Bridge Project 

Project No. : 06-123-3 Tested Standard : ASTM CAL. TRANS. 

Wt. of Wet Soil + Container (gm) 

Wt. of Container (gm) 

U.S. Sieve 
Size 

2.5" 

2.0" 

1.5" 

1.0" 

314" 

112" 

318" 

No. 4 

No. 8 

No. 10 

Remarlc : 

Cumulative Wt. 
of Dry Soil (gm) 

0.00 

0.00 
- 

Retaining on #4 are shell fragments 

Wt. of Dry 
Soil (gm) 

cu : 

cc : 

'YO Finer 
Than 

700.00 

100.00 

Gravel 

0 

Liquid 
Limit 

43 

Plastic 
Limit 

24 

Plastic 
Index 

19 

U.S. Sieve 
Size 

No. 16 

No. 20 

No. 30 

N ~ .  40 

No. 50 

No. 60 

N o  100 

No. 140 

No. 200 

Pan 

Sand 

15 

Cumulative Weight 
of Dry Soil (gm) 

0.05 

0.09 

0.39 

2.98 

9.64 

12.01 

Fine 

85 

Wt. of Dry 
Soil (gm) 

. * - - :v  * "  

2 : ~  a L * ~ ,  Lp 

% Finer 
Than 

99.92 

99.86 

99.40 

95.40 

85.12 
.I -4 - -2 
< - s -zr&<: a,r 

% Total 
Sample 

99.92 

99.86 

99.40 

95.40 

85.72 
o"L ; ;. i "b 

:&-: a$ -,A-: - 



US Standard Sieve Sizes Hydrometer Analysis 
5" 5" 4" 3"2 5"2" 1 5" 1" 314 112" 318" #4 #8 # I0  # I6  #20 #30 #40 #50 #60 #I00 #200 - 

1 0.1 

Grain Size (mm) 

Gravel Sand 
Cobbles Fine Silt or Clay 

coarse I Coarse I Medium Fine 

I I I I I I I 

I I I I I I I I l l  
I Remark I Retaining on #4 are shell fragments 

I I 
Earth Inc* ACTA/Schuyler Heim Bridge Project 
Geotcd~nicrl and Errthqualr Engineering 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 

Project No. : 06-123-3 1 Date : 12/03/09 Figure No. : 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

Project Name : ACTA/Schuyler Heirn Bridge Project 

Project No. : 06-123-3 Tested Standard : ASTM CAL. TRANS. 

for difference S.G. 

Obersved 
Time 

1.5" 

1.0" 

314" 

112" 

318" 

No. 4 

No. 8 

No. 10 

EL. Hydrometer Reading 100 ~a 

T o t a ~ r a i n  1 (K, , (L, 

Time (rnin) 
Correction Coefficient 

Sample Diameter 

(TI Correction w (mm) 

1440 1 21.0 1 18.0 1 6.0 1 12.0 1 19.74 19.74 1 0.00100 0.01369 74.3 

cu : Gravel Sand 

0.00 

0.00 

Correction 
Dia. (mm) 

0.00137 

Fine 

98 

- 

100.00 

100.00 

N o  30 

N ~ .  40 

No. 50 

No. 60 

N o  100 

No. 140 

No. 200 

Pan 

plastic 
Limit 

27 

Plastic 
Index 

I @ 

0.09 

0.19 

0.40 

0.93 

0.97 
" -." "", 
" z( -p ,  ,, ,- L T 5 9  

99.85 

99.68 

99.34 

98.45 

"- $ a - S E  

99.85 

-- 
99.68 

99.34 

98.45 
- .  , -= 

?-,a4 -f-- 



1 0.1 

Grain Size (mm) 

US Standard Sieve Sizes Hydrometer Analysis 

I Remark 10.00 

I I 

5" 5" 4u 3m 2 5" 2" 1 5" 1" 314 112" 318" #4 #8 # I 0  416 #20 #30 #40 #50#60 #loo #200 - 
100.0 

90.0 

ao.0 

- 
70 0 $ - 

:: - 
M .- 60.0 a 

3 
& 

50.0 - 
U 

g 
* 

40.0 c 
U - 
U 
P, 

30.0 

20.0 

10.0 

0.0 

Cobbles 

Earth Mechanics, Inc. 
Geotcel~nical nnd Earthquohe Engineering 

Silt or Clay 
Gravel Sand 

Coarse I Fine Coarse I Medium 

ACTA/Schuy/er Heim Bridge Project 

Project No. : 06-123-3 1 Date : 12/03/09 

Fine 

Soil Description 

Lean clay 

Symbol 

@ 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 

F~gure NO. : 

U.S.C.S. 

CL 

Sample 
Number 

S-6 

Boring 
Number 

WR-09-04 1 

Soil Color 

dark olive-gray 

Depth below 
deck( f t )  

67.0 1 
mudline ( ft ) 
25.0 1 



REGULAR ITYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

Project Name : ACTA/Schuyler Heirn Bridge Project 

Project No. : 06-123-3 Tested standard : C] ASTM CAL. TRANS. 

Tested By : PA Date : 11/26/09 

t. of Wet Soil +Container 

U.S. Sieve 
Size 

-- 2.5" 

2.0" 

1.5" -- 
1 .O" 

314" 

112" 

318" 

No. 4 

No. 8 

No. 10 

Cumulative Wt. 
of Dry Soil (gm) 

- 

0.00 

0.09 

Wt. of Dry 
Soil (gm) 

'XB Finer 
Than 

700.00 

99.86 

Liquid 
Limit 

36 

Plastic 
Limit 

2 1 

Plastic 
Index 

15 

U.S. Sieve 
Size 

No. 16 

No. 20 

No. 30 

NO. 40 

No. 50 

No. 60 

No- 100 

No. 140 

No. 200 

Pan 

Cumulative Weight 
ofDry Soil (gm) 

0.20 

0.30 

1.25 

10.02 

29.59 

31.96 

Wt. of Dry 
Soil (gm) 

'% Finer 
Than 

99.68 

99.53 

98.03 

84.17 

53.25 

'X ,  Total 
Sample 

99.68 

99.53 

98.03 

84.17 

53.25 



US Standard Sieve Sizes Hydrometer Analysis 
5" 5" 4" 3"2  5 " Y  1 5" 1" 314 112" 318" +t4 #8 # I0  # I6  #2O #30 #40 #50 X60 #I00 #ZOO 

1 0.1 

Grain Size (mm) 

I Gravel Sand 
Cobbles Coarse I Fine Fine Silt or Clay 

Coarse I Medium 

Boring Sample Depth below Symbol Number Number deck( ft ) mudline ( ft ) 
Soil Color SoiI Description U.S.C.S. 

0 WR-09-042 S- 1 57.0 3.0 dark olive gray Sandy lean clay CL 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 



REGULAR WYDROMET'ER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

Wt. of Dry Soil + Container (gm) 

Wt. of Container (gm) -- 
Wt. of Dry Soil (gm) 



US Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" 3"2 5 2 "  1 5 1" 314 112" 318" #4 18 #I0 # I6  #20 #30 #40 #50#60 #loo #ZOO - 

1 0.1 

Grain Size (mm) 

Gravel Sand 
Cobbles Coarse I Fine Fine Silt or Clay 

Coarse I Medium 

Depth below 
Soil Color I Soil Description I U.S.C.S. I 

I I I I I I I I 

Remark 0.00 
I I 

" ' Earth Mechanics, Incw A CTA/Schuyler Heim Bridge Project e-: Ceotucl~nicril and E ~ v t h q ~ l a l r  Enginwring 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 

Project NO. : 06-123-3 1 Date: 12/03/09 Flgure NO. : 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

Date : 11/26/09 

I I 1 I I I 

1440 21.5 15.0 6.0 9.0 12.50 12.28 0.00100 0.01328 14.8 0.00135 

1 cu : Gravel Sand Fine 

1.5" 

1.0" 

314" 

112" 

318" 

No. 4 

No. 8 

No. 10 

0.00 

1.52 

3.37 

0.65 

100.00 

99.21 

98.26 

97.36 

Plastic 
Limit 

14 

plastic 
Index 

74 

No. 30 

NO. 40 

No. 50 

No. 60 

NO. 100 

No. 140 

No. 200 

Pan 

3.01 

9.38 

20.81 

27.33 

27.66 " ' " b X  - I r 

. -.- , 

95.78 

86.84 

70.8 1 

61.66 
I <- .** 

- e '  

94.1 I 

85.33 

69.57 

60.58 
= " .-; 

= , . 



1 
Grain Size (mm) 

Remarlc 10.00 

I I 
GRAIN SIZE ANALYSIS 

Silt or Clay Cobbles 
Gravel Sand 

Coarse I Fine Coarse I Medium Fine 

U.S.C.S. 
CL 

Soil Description 
Sandy lean clay 

Soil Color 
dark olrve-gray 

Symbol 

eB 

Sample 
Number 
S-25-2 

Boring 
Number 

WR-09-042 

Depth below 
deck( ft ) 

223.5 

mudline ( ft ) 
171.5 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

Date : 17/26/09 

22.40 0.00700 0.01328 14.2 0.00132 

cu : Gravel Sand Fine 

cc : 0 26 74 

U.S. Sieve 
Size 

2.5" 

2.0" 

1.5" 

1.0" 

314" 

1/2" 

318" 

No. 4 

No. 8 

No. 10 

Cumulative Wt. 
of Dry Soil (gm) 

0.00 

0.00 

Cumulative Weight 
of Dry Soil (gm) 

0. I I 

0.46 

2.55 

9.04 

14.73 

14.90 

'% Finer 
Than 

99.81 

99.20 

95.56 

84.27 

74.36 
s. '. - -  - 

Wt. of Dry 
Soil (gm) 

- L 

q-3$z$a*-&-  

O/. Total 
Sample 

99.81 

99.20 

95.56 

84.27 

74.36 
I- 

, % - - 
' z L -  

Wt. of Dry 
Soil (gm) 

'K Finer 
Than 

100.00 

100.00 

Liquid 
Limit 

39 

Plastic 
Limit 

17 

Plastic 
Index 

22 

U.S. Sieve 
Size 

No. 16 

No. 20 

No. 30 

N ~ .  40 

No. 50 

No. 60 

No- 100 

No. 140 

No. 200 

Pan 



1 0.1 

Grain Size (mrn) 

Gravel Sand 
Cobbles Silt or Clay Coarse I Fine Coarse I Medium Fine 

Boring Sample Depth below 
Symbol Soil Color Soil Description U.S.C.S. 

Number Number deck( f t )  I mudline ( ft ) 
@ WR-09-042 S-26-1 233.0 1 1 181.0 / dark obve-gray Lean clay with sand CL 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 

Project No. : 06-123-3 1 Date: 12/03/09 lilgurc No. : 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

Date : 11/26/09 

U.S. Sieve Cumulative Wt. Wt. of Dry "/o Finer Liquid U.S. Sieve Cumulative Weight Wt. of Dry ' X B  Finer 'XI Total 
Size of Dry Soil (gm) Soil (gm) Than Limit Size of Dry Soil (gm) Soil (gm) Than Sample 

2.5" 
65 

No. 16 0.04 99.93 99.93 

2.0" No. 20 



1 0.1 

Grain Size (mm) 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 ( R e a p p r o v e d  1990) / CT - 203 

t. o f  W e t  Soil + Conta iner  (gm) 

- p~ 

Obersved EL. Hydrometer Reading 
Time Time imin)  

0:Ol (TI 
Correction w 

Remarlc : 

'% Total 
Sample 

Grain Correction Coefficient Correction 
Diameter Dia. (mm) 

I 

18.94 0.00100 0.01353 14.3 0.00135 

CII : Gravel  Sand Fine  



1 0.1 

Grain Size (mm) 

Silt or Clay Cobbles 

Earth Inc- 
Ccotcclmicnl nnd E Q I ~ ~ c I I I ~ ~ ~ ~  Enginfiering 

Gravel Sand 

ACTA/Schoyler Heim Bridge Project 

Project No. : 06-123-3 1 Date : 12/03/09 

Coarse I Fine Coarse 1 Medium 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 

F~gure NO. : 

Fine 

Sample 
Number 

5-2 

Symbol 

0 

Boring 
Number 

WR-09-043 

Remark 

Depth below 

0.00 

deck(ft) 
59.0 

U.S.C.S. 

CL 

I I 

Soil Color 

dark olive gray 
mudline ( f t )  
3.0 

Soil Description 

Sandy lean clay 



WEGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

t. of Wet Soil + Container (gm) 



U S  Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" 3"2 5"2" 1 5" 1" 314 112" 318" #4 #8 # I0  # I6  #20 #30 #40 #50 #60 # loo #ZOO - 

100.0 
- 

1 
Grain Size (mm) 

Gravel Sand 
Cobbles Fine Silt or Clay Coarse I Coarse I Medium Fine 

Boring Sample Depth below 
Symbol Soil Color Soil Description U.S.C.S. 

Number Number deck( f t )  mudline ( ft ) 

0 - WR-09-043 0-3 62.0 1 6.0 1 dark olive gray Silt with sand M L  

I Remark 10.00 

I I 

4 Earth ACTA/Schuyler Heim Bridge Project N1echanics~ Inc. 
h -., i T 2 ,;& -+-- ii,_YI G~otecilnicnl and Earthqllahe Engineering (ASTM D-422-63) 

GRAIN SIZE ANALYSIS 

Project No. : 06-123-3 1 Date : 72/03/09 Figure No. : 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

Depth below Rludline (ft): 

Date : 12/03/09 

Wt. of Wet Soil + Container (gm) 

Wt. of Dry Soil + Container (gm) 

Wt. of Container (gm) 

Wt. of Dry Soil (gm) 

U.S. Sieve Cumulative Wt. Wt. of Dry 'K t  Finer Liquid U.S. Sieve Cumulative Weight 
Size of Dry Soil (gm) Soil (gm) Than Limit Size of Dry Soil (gm) 

2.5" 
46 

No. 16 0.15 

2.0" No. 20 

1.5" Plastic N o  30 0.21 - 
1.0" Limit No. 40 

314 " No. 50 0.24 

No. 4 0.00 

No. 8 0.08 99.87 No. 200 1.70 

No. 10 Pan 1.17 

Wt. of Dry '% Finer '%s Total 
Soil (gm) Than Sample 

Correction 
Correction Coefficient 

Dia. (mm) 

- - 

I G r a v e l  I Sand Fine 
Remarlc : 





REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

No. 8 & 10 Retained 

for  difference S.G. 

'53 Total 

'% Total Grain 
Sample Diameter 

59.65 0.03500 

44.36 0.02000 

32.12 0.01400 

24.47 0.01000 

19.88 0.00700 

15.29 0.00500 

9.18 0.00100 

cu: 11.7 

cc: 2.1 

Correction Coefficient 

0.01328 9.9 

0.01328 11.5 

0.01328 12.9 

0.01328 13.7 

0.01328 14.2 

0.01328 14.7 

0.01328 15.3 

G r a v e l  S a n d  

0 5 

Correction 
Dia. (mm) 

F i n e  



1 0.1 
Grain Size (mm) 

I Silt or Clay Cobbles 

U.S.C.S. 
MH 

Earth Mechanics, I ~ c .  
GroLrct~nienI nnd Eartl~quuke Engineering 

Soil Description 
Elastic silt 

Gravel Sand 

Soil Color 
dark greenish gray 

Remarlc 

Symbol 

49 

ACTA/Schuy/er Heim Bn'dge Project 

Project NO. : 06-123-3 1 Date: 12/03/09 

Fine Coarse I Coarse I Medium 

0.00 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 

Figure NO. : 

Fine 

I I 

Boring 
Number 

WR-09-043 

Sample 
Number 

D-9-1 

Depth below 
deck( ft ) 

88.0 
mudline ( ft ) 
31.0 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

for difference S.G. 

1440 1 21.0 1 12.0 1 6.0 1 6.0 1 9.06 9.06 10.00100 0.01369 15.3 0.00141 

Cu:  13.4 Gravel Sand Fine 
Remark : 

C C :  2.3 0 8 92 

1.5" 

1.0" 

314" 

112" 

318" 

No. 4 

No. 8 

No. 10 

0.00 

0.06 

100.00 

99.9 1 

Plastic 
Limit 

26 

Plastic 
Index 

9 

N o  30 

NO. 40 

No. 50 

No. 60 

N o  100 

No. 140 

No. 200 

Pan 

0.25 

0.33 

0.68 

5.05 

5.52 -,* 
.fZ &-7qr -83;:- 

99.62 

99.50 

98.96 

92.29 
a . /  \ # . *+ = ex - 

99.62 

99.50 

98.96 

92.29 
' .- - *  + d - i - -  

*- * $ :! 5 ':+* 



-- 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

for difference S.G. 



U S  Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4- ~ " 2  5 " z  1 5" 1" 314 112" 318" #4 #8 #I0 # I6  #20 #30 #40 #50 #KO #loo #ZOO 

- 

100.0 

90.0 

80.0 

- 
70.0 $ - 

4.8 

s 
bn 

60.0 
.- 
; 
h 
P 

50.0 i 
0 

c 
4.8 

40.0 5 
i 

d 
30.0 

20.0 

10.0 

0.0 
1000 100 10 1 0.1 0.01 0.001 

Grain Size (mm) 

Gravel Sand 
Cobbles Coarse 1 Fine Coarse I Medium Fine Silt or Clay 

Boring Sample Depth below 
Symbol 

Number Number deck( f t )  mudiine ( ft ) 
Soil Color Soil Description U.S.C.S. 

fs WR-09-044 19-1 51.0 3.0 dark olive gray Silt with sand ML 

G M N  SIZE ANALYSIS 
(ASTM D-422-63) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

t. of Container (gm) 

Obersved EL. Temp. Hydrometer Reading 100 Ra O/. Total 

Remark : I C .  

Grain 
Diameter 

(mm) 

Correction Coefficient 

I Gravel ( Sand 

Correction 
Dia. (mm) 

(Dl 

0.00138 

Fine 



US Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" 3"25"2" 15 "  1" 314 112" 318" #4 #8 # I0  #16 #20 #30 #40 #50#6O #I00 #ZOO 

100.0 

90.0 

80.0 

70.0 - 
s - 
* 
s 

60.0 
M .- 
d 

50.0 
!$ 
i U 

40.0 I 
c 
U 

-I 

30.0 
D, 

20.0 

10.0 

0.0 

1000 100 10 1 0.1 0.01 0.001 

Grain Size (mm) 

Cobbles 
Gravel Sand 

Coarse I Fine Coarse I Medium Fine Silt or Clay 

Boring Sample Depth below 
Symbol 

Number Number deck( f t )  mudline ( ft ) Soil Color Soil Description U.S.C.S. 

63 WR-09-044 S-2 56.0 9.0 dark olive gray Sandy silt ML 

Remark 0.00 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

Project Name : ACTA/Schuyler Heim Bridge Project 

Project No. : 06-123-3 Tested Standard : ASTM CAL. TRANS. 

Wt. of Container (gm) 

Wt. of Dry Soil (gm) 

Grain Correction 
Correction Coefficient 

Diameter Dia. (rnrn) 

~ - -  ~p 

Remark : 
Cu: 20.6 1 Gravel 1 Sand I Fine 



US Standard Sieve Sizes Hydrometer Analysis 
6" 5" 4" 3"25"2" 1 5" 1" 314 112" 318" #4 #8 #I0 #I6 #20 #30 #40 #50#60 #I00 #ZOO 

1 0.1 
Grain Size (mm) 

Cobbles 
Gravel Sand 

Coarse I Fine Coarse I Medium Fine Silt or Clay 

Boring Sample Depth below 
Symbol 

Number Number deck( f t )  mudline ( ft ) Soil Color Soil Description U.S.C.S. 

@ WR-09-044 0-3-1 59.0 12.0 dark olive gray Silt ML 

Remark 0.00 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

Date  : 11/26/09 

Depth below Dech : 68.5 Depth  below Mudl ine  (ft): Da te  : 11/28/09 

: Dark greenish gray, SILT (ML) Calculated B y  : JF Date  : 12/03/09 

Deflocc~ilo~ir l25cc of 4% Sodiurtl Hexori~erophoxphore Solirrio~i Checlted By: R.J. Date  : 12/03/09 

t. of Conta iner  (gm) 

~ b c r s v e d  EL. I i o :  1- Hydrometer Reading 
~ i i e  I Time(un4 I (06 I - . . Comvosite Correction 

U.S. Sieve 
Size 

2.5" 

2.0" 

1.5" 

1.0" 

314" 

112" 

318" 

No. 4 

No. 8 

No. 10 

-- 

loo Ra I iIOlllI Grain 
Sample Diameter 

Cumulative Wt. 
of Dry Soil (gm) 

0.00 

0 .00  

c u :  1 1 . 3  
R e m a r k  : 

c c  : 2.7 

Wt. of Dry 
Soil (gm) 

Correction 
Correction Coefficient Dia. (mm) 

Liquid 
Limit 

35 

Plastic 
L i m i t  

32 

Plast ic  
Index  

3 

%Finer 
Than 

100.00 

100.00 

0 . 0 1 3 4 4  15.5 0.00139 

I Gravel  Sand  F ine  

U.S. Sieve 
Size 

No. 16 

No. 20 

N o  30 

No. 40 

No. 50 

No. 60 

No- 100 

No. 140 

No. 200 

P a n  

Cumulative Weight 
of Dry Soil (gm) 

0 . 0 2  

0 . 1 1  

0 . 3 8  

0 . 6 3  

5 . 1 4  

5 . 9 6  

Wt. of Dry 
Soil (gm) 

- 
~ 3:s -4 - 

%Finer 
Than 

99.97 

99.84 

99 .44  

9 9 . 0 7  

9 2 . 4 1  
, - 

t " 

- - 

% Total 
Sample 

99.97 

99.84 

99.44 

99.07 

92.41 
" % + T <  

2, - 



1 0.1 

Grain Size (rnrn) 

Gravel 
Cobbles Sand 

Coarse I Fine Coarse I Medium Fine Silt or Clay 

Boring Sample Depth below 
Symbol 

Number Number deck( ft ) I mudline ( ft ) 
Soil Color Soil Description U.S.C.S. 

0 -iKEzrT-1121.5 dark greenish gray snt ML 

1 Remark 10.00 

&-EM Earth Mechanics, Inc- 1 ACTA/Schuyler Heim Bridge Project I GRAIN SIZE ANALYSIS 
EAY '%; cz Geotecl~nicnl and Eartliquake Engineeri~~g 

w (ASTM D-422-63) 

Project NO. : 06-123-3 1 Date: 12/03/09 Figure NO. : 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

Tested By : PA Date : 11/26/09 

Date : 7 1/28/09 

Calculated By : JF Date : 12/03/09 

Date : 12/03/09 

Obersved 
Time 

No. 8 

No. 10 

EL. 
Time (mi-) 

(TI 

Temp. Hydrometer Reading 1 100 Ra ( % Total 1 Grain 

0.09 

Correction 
Correction Coefficient 

Dia. (mm) 

I Remarlc : >#30 were cemented nodules 

99.85 

cu : Gravel I Sand I Fine I C C :  I 0 1 13 1 87 

18 
No. 200 

Pan 

8.19 

8.61 
I I 

-< i2-*;;;, - 

86.74 

- . :, > r;~ 
; . ,:*; :s-, 

86.74 

s > ?& *I+- -- 
c - v  - I  * 





REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

Obersved 

Time I Time EL' (mia) 

Hydrometer Reading 

Orginal Composite Correction 
Correction 

% Total 
Sample 

16.30 

72-68 

Grain 
Diameter 

(mm) 

0.03500 

0.02000 

Correction 
Correction Coefficient 

Dia. (mm) 

I G r a v e l  I Sand I F i n e  - - -. .. .. 
R e m a r k  : I Cc: 2.2 1 I 

0 1 49 1 51 



US Standard Sieve Sizes Hydrometer Analysis 

1 0.1 
Grain Size (rnrn) 

Gravel Sand 
Cobbles Fine 

Silt or Clay 
coarse I Coarse I Medium Fine 

Boring Sample Depth below 
Symbol 

Number Number deck( ft ) mudline ( ft ) 
Soil Color Soil Description U.S.C.S. 

@ WR-09-044 S-8 83.0 37.0 dark greenish gray Sandy silt ML 

------ A~~~ 

Remarlc 0.00 

I I 

Earth Mechanics, Inc. A CTA/Schuy/er Heim Bridge Project GRAIN SIZE ANALYSIS 
Gentechnicai nnd Enrtl~qunke Engineering (ASTM D-422-63) 

Project NO. : 06-123-3 1 Date : 12/03/09 Figure NO. : 



ATTERBERG LIMITS 



Atterberg Limit Test Results 
I 

I R-09-013 I U-05 1 25 1 CL-ML I 30,23,7 

Boring 
No. 

Sample 
No. 

Depth 
(f i )  

Predomin- 
ant Soil 

Type 

Atterberg 
Limit ASTM 

D4318 
(LL,PL,PI) 



Atterberg Limit Test Results 
(Continued) 

I I I I 

Boring 
No. 

R-09-013 
R-09-013 
R-09-013 
R-09-013 
R-09-0 1 3 
R-09-013 

Sample 
No. 

R-09-0 17 
R-09-017 
R-09-0 17 
R-09-017 

D-06 
S-07 
U-08 

S-09-1 
D-10 

S-I 1-2 

R-09-018 
R-09-018 
R-09-018 
R-09-018 
R-09-018 

Depth 
(fi) 

S-09 
U-07 
D-10 
U-I I 

R-09-019 
R-09-019 
R-09-019 
R-09-019 
R-09-019 
R-09-019 
R-09-019 

30 
35 
40 
45 
50 

55.5 

S-04 
S-07 
U-08 
D-I I 
D-14 

Predomin- 
ant Soil 

TY pe 

45 
35 
50 
55 

S-03 
5-05 
0-08 
S-09 
0-1 2 
U-13 
S-23 

Atterberg 
Limit 

D4318 
(LL,PL,PI) 

M L-M H 
ML 
CL 

CL 

20 
30 

32.5 
45 
55 

50,29,21 
N.P 

36,24,12 
N.P 

38,25,13 
N.P 

CL-ML 
CL 
CH 
ML 

15 
25 
40 
45 
60 
65 
150 

24,20,4 
31,21,10 
50,24,26 
36,29,7 

CL-ML 
MH 

- 
ML 

26,21,5 
57,31,26 

N.P 
N.P 

32,25,7 
ML 
ML 

ML 
C L 

CL-ML 
ML 

37,27,10 
32,24,8 

N.P 
29,24,5 
38,24,14 
28,22,6 
30,25,5 



Atterberg Limit Test Results 

R-09-026 
R-09-026 

D-02 
S-03 

10 
15 

ML 
C L 

29,25,4 
38,24,14 



Atterberg Limit Test Results 
(Continued) 

Boring 
No. 

R-09-026 
R-09-026 
R-09-026 
R-09-026 

R-09-028 
R-09-028 
R-09-028 

Sample 
No. 

D-04 
D-08 
0-1 4 
U-15 

D-08 
D-10 
S-22 

Depth 
(fi) 

20 
40 
70 
75 

40 
50 
160 

Predomin- 
ant Soil 

TY pe 

ML 
ML 
C L 
- 

CL-ML 

Atterberg 
Limit 

D4318 
(LL,PL,PI) 

31,24,7 
34,26,8 
34,22,12 

N.P 

N.P 
N.P 

30,23,7 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 11/23/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heirn Bridge Replacement EGL JOB NO. : 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 11/23/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1 1 /23/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 
ATTERBERG LIMITS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECTNO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1/8/2010 SUMMARIZED BY: JT 

I I 1 ATTERBERG 

BORING I SAMPLE DEPTH 

(fi) 

LIMITS 

ASTM 

D 4318 

- 
*LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008A 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1112312009 SUMMARIZED BY: JT 



Itlentification 





SPECIFIC GRAVITY 



Specific Gravity data (ASTM D854) 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1211 12009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/22/2009 SUMMARIZED BY: JT 



POCKET PENETROMETER 



Pocket Penetrometer data 
Boring 

No. 
Sample 

No. 
Depth 

(ft) 
Pocket 

Penetrometer (tsf) 



SUMMARY OF LABORATORY TEST RESULTS 
POCKET PENETROMETER 

PROJECT NAME ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/2/2009 SUMMARIZED BY: JT 

BORING 

NO 

R-09-004 

R-09-004 

R-09-007 

R-09-007 

SAMPLE 

NO 

D-01 

D-07 

D-07 

U-08 

DEPTH 

(ft) 

5 

3 5 

3 5 

40 

POCKET 

PENETROMETER 

Ton/ft*2 (TSF) 

4.25 

1.5 

1.4 

0.5 



SUMMARY OF LABORATORY TEST RESULTS 
POCKET PENETROMETER 

PROJECT NAME ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1 2/22/2009 SUMMARIZED BY: JT 







DIRECT SHEAR 



AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 28.0 % 

Sample No.: 0-07 Moisture Content (after): 29.9 % 

Sample Type: Cal. Mod. 
Soil Description: Dark Gray Poorly-Graded wlsilt 
Test Condition: Saturated 

Shear Deformation (inches) 

Strength Parameters 









AP Engineering & Testing. fnc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 23.2 % 
Moisture Content (after): 27.4 % 

Sample Type: Cal. Mod. 
Soil Description: Olive Gray Poorly-Graded Sand wlsilt 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters 



I NORMAL PRESSURE (PSF) 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (%) (%) 

Boring No.: 

R-09-004 

I I Project Name: 

Sample 
No. 

D-05 

. . .  ........ ............ ENVIRONMENTAL 

11 2/09 (ASTM D3080) ~ i ~ u r e l  

Depth (ft) 

25 

ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-123-03 

I EGL Project No: 09-230-008 

Sample 
Type 

Ring 

Soil Type 

SM 

Symbol 

0 

0 

Cohesion 

(PSF) 
102 
0 

Friction 
Angle 

36 
35 













z 
(I) 

3000 
(I) 
CI) 
W 
lx 
I- 
(I) 

L 

(I) 

Ultimate 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (Yo) (%) 

1000 21.9 26.0 
2000 21.9 25.5 
4000 21.9 25.1 

Boring No.: 

R-09-007 

Sample 
No. 

0-04 

I 

DIRECT SHEAR 
(ASTM D3080) 

Depth (ft) Sample Soil Type Symbol 
Cohesion Friction 

TY pe (PSF) Angle 

20 SP 
0 

Ring 162 3 8 
132 32 

Project Name: 
.... . . . .  ............ ENVIRONMENTAL 

GEOTECHNOLOGY 

Fiaure 

ACTA Heirn Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-123-03 

EGL Proiect No: 09-230-008 







AP Engineering 8( Testing, Inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 24.5 % 
Moisture Content (after): 29.2 % 

Sample Type: Cal. Mod. 
Soil Description: Olive Gray Silty Sand 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters 





0 1000 2000 3000 4000 5000 

NORMAL PRESSURE (PSF) 

1 I I Project Name: 1 

Friction 
Angle 

35 
32 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (%) (%) 

Cohesion 
(PSF) 

0 
0 

Symbol 

0 

o 

Soil Type 

SM 

........ 
............ ENVIRONMENTAL 

GEOTECHNOLOGY 

DIRECT SHEAR 

Sample 
T Y P ~  

Ring 

Boring No.: 

R-09-0 1 0 

ACTA Heirn Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-123-03 

1000 31.2 35.7 

11 2/09 (ASTM D3080) Figure] 

EGL Project No: 09-230-008 I 

Sample 
No. 

D-04 

Depth (ft) 

20 













NORMAL PRESSURE (PSF) 

I ! 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (%) (%) 

0 Peak 
W 

Project Name: 

Cohesion 
(PSF) 

47 
47 

Symbol 

0 

I I EGL Project No: 09-230-008 

DIRECT SHEAR 

Friction 
Angle 

32 
32 

Boring No.: 

R-09-014 

........ ............ ENVIRONMENTAL 

Sample 
TY pe 

Ring 

ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-1 23-03 

Soil Type 

SM 

Sample 
No. 

D-06 

Depth (ft) 

30 

















AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 34.0 % 

Sample No.: D-06 Moisture Content (after): 33.8 % 

Soil Description: Gray Sandy Silt 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters 



0 500 1000 1500 2000 2500 3000 3500 4000 4500 

NORMAL PRESSURE (PSF) 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (Yo) (%I 

900 60.8 54.8 
2000 60.8 53.4 
4000 60.8 47.9 

Boring No.: 

R-09-027 

11 2/09 (ASTM 03080) ~ i ~ u r e l  

Sample 
No. 

D-02-1 

......... ............ 
: :  ......... ............ ............ ...-.. ...... A=-.-. 
I ........... " .. '.....* 

Depth (ft) 

15 

DIRECT SHEAR 

ENVIRONMENTAL 

GEOTECHNOLOGY 

LABORATORY 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanics, lnc. 

Project No: 06-1 23-03 

EGL Project No: 09-230-008 

Sample 
Type 

Ring 

Soil Type 

SM 

Symbol 

0 

c7 

Cohesion 
(PSF) 

8 1 
17 

Friction 
Angle 

32 
3 3 



Boring No.: 

R-09-027 

NORMAL PRESSURE (PSF) 

Sample 
No. 

D-06 

Normal Initial Final 
Stress  Moisture Moisture 
(psf) (%) ("/.I 

1500 21.6 24.5 
3000 21.6 23.1 
6000 21.6 22.4 

Depth (ft) 

32 

......... ............ 
......... .... .. - ....... ............ .... ............ ....... ...-.. - .. y.*..* ..a*- 

Sample 
Type 

Ring 

DIRECT SHEAR 
1 2/09 (ASTM D3080) Figure 

ENVIRONMENTAL 

GEOTECHNOLOGY 

LABORATORY 

Project Name: 
ACTA Heirn Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-1 23-03 

EGL Project No: 09-230-008 

Soil Type 

SM 

Symbol 

0 

EI 

Cohesion 
(PSF) 
306 
1 34 

Friction 
Angle 

37 - 
32 



Boring No.: 

R-09-027 

NORMAL PRESSURE ( P S F )  

Sample 
No. 

D-06 

Normal Initial Final 
Stress Moisture Moisture 
(psf )  (%) (%) 

1500 21.6 24.5 
3000 21.6 23.1 
6000 21.6 22.4 

Depth (ft) 

3 2 

......... ............ 
......... . . ............ .......... . ............ ...... * .... ".".a*. .. ,.... .. ...... 

Sample 

Type 

Ring 

DIRECT SHEAR 
12/09 (ASTM D3080) Figure 

ENVIRONMENTAL 

GEOTECHNOLOGY 

LABORATORY 

Project Name: 
ACTA Heirn Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-123-03 
EGL Project No: 09-230-008 

Soil Type 

SP-SM 

Symbol 

0 

a 

Cohesion 
( P S F )  
306 
134 

Friction 
Angle 

37 
32 





3 0 

2 5 

g 2.0 - - 
E .- 

1.5 
i - 

Cn 
L 

g 1.0 - 
Cn 

0.5 

0.0 

0 0 0 5 1 0  1 5  2.0 2 5 3.0 3.5 4 0 4 5 

Normal Stress (lcsf) 

Ultimate : 0 I Shear Type :I Inundated I Undisturbed I Peak : @ 
I 1 

0.00 0.05 0. 10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 .0.50 
Horizontal Deformation (inch) 

Boring No. : WR-09-041 0.23 0.03 (I=r) 
Strength Intercept (C) : 

Sample No. : 0-5 10.87 (ma) Peak 1.44 (Wa) Ultimate 

Depth (it/m) : 62.0 120.00 Friction Angle ( 4 ) : 30.13 Degree 31.21 Degree 

Description : Gray, SANDY SILT (ML) Shear Rate ( i n c ~ r n ~ n u t e )  : 0.02 
MOISTURE DRY DENSITY VOID NORMAL STRESS PEAK STRESS ULTIMATE STRESS 

SYMBOL 
CONTENT(%) (pcf) ( w / m 3 )  RATIO (ksf) (Wa) (ksf) (kPa) (hf) (Wa) 

$%B 32.33 91.06 14.33 0.85 1 2 0  57.46 0 9 1  4367 0 74 3562 * 32.3 1 91.46 14.40 0.84 2.00 95 76 1.40 67.22 1 26 60.33 

A 32.55 91.10 14.34 0 8 5  4.00 191.52 2 5 4  121 81 2 4 5  11721 





UNCONSOLIDATED UNDRAINED TRIAXIAL 







AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

LABORATORY Earth Mechanics, Inc. 

06-1 23-03 





0 5 10 15 20 
AXIAL STRAIN (%) 

20 

,--. - 
cr, 15 
a 
V 

0 
cn 
W 
Df 
!- 
cn 10 
cL 
Q 
W 
I 
cn 

5 

0 

0 10 20 30 40 

NORMAL STRESS (PSI) 

Boring 

No 
R-09- 
007 

Depth 

(ft) 

40 

........ ....:..:..... ENVIRONMENTAL 
GEOTECHNOLOGY 

LABORATORY 

Sample 

No 

U-08 

Project Address: ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-123-03 

EGL Project No: 09-230-008 

UNCONSOLIDATED UNDRAINED 
(ASTM D2850) 

1 1/29/09 Figure 

Soil 

Type 

CL 

Sample 

Type 

. Tube 

Initial 

Saturation 

(%) 

101.4 

Moisture 

Content 

(%) 

40.84 

Dry 
Density 

(pcf) 

80.7 

Effective 

Confined 

Pressure (psi) 

11.0 

Maximum 

Deviator 

Stress (psi) 

20.7 

Strain 

Rate 

(idmin) 

0.06 



AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

Boring Depth Sample Soil Sample Moisture Dry Effective Maximum Strain Initial 

Content Density Confined Deviator Rate Saturation 
No Type Type (%) (pcf) Pressure(psi) Stress(psi) (inlmin) (%) 

Earth Mechanics, Inc. 





* 

20 - 

,-. - 
V) 

0 5 10 15 2 0 

AXIAL STRAIN (%) 

20 7 

- 
V) 15 
% 
V) 
(I) 
W 
rr: 
I- 
a 10 - 
rr: 
Q 
W 
I 
0 

5 - 

0 , '  8 s .  4 . .  . . , , , ,  , , , , . . , , .  

0 10 20 30 40 

NORMAL STRESS (PSI) 
! 

Boring 

No 
R-09- 
010 

Depth 

(ft) 

3 0 

. . . . . . . . ......'. :.... ENVIRONMENTAL ::;x . . . . . . . . . . .. ....*. ...-.. ...... :sz GEOTECHNOLOGY - ...... ..a. " - 
' LABORATORY 

Sample 

No 

U-06 

Project Address: ACTA Heirn Bridge Replacement 

Client: Earth Mechanics, Inc. 
Job NO: 06-1 23-03 

EGL Project No: 09-230-008 

UNCONSOLIDATED UNDRAINED 
(ASTM D2850) 

1 1/29/09 Figure 

Soil 

Type 

ML 

Sample 

Type 
Shelby 
Tube 

~ 
i 

Moisture 

Content 

(%) 

32.09 

Dry 
Density 

(pcf) 

90.5 

Effective 

Confined 

Pressure (psi) 

9.0 

Maximum 

Deviator 

Stress (psi) 

15.1 

Strain 

Rate 

(inlmin) 

0.06 

Initial 

Saturation 

(%) 

100.5 





AP Engineering & Testing, Inc. 

UNCONSOLIDATED UNDRAINED TRlAXlAL TEST (UU,Q) 
ASTM D 2850 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-1OA Depth (feet): 51.5 

Soil Description Gray Sandy Silt 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch): Dry Unit Weight (pcf): 

Sample Weight (gms): 1263.87 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 1451.08 Void Ratio for Gs=2.7: 

Wt. Dry Soil+Container(grns) 1 179.72 % Saturation: 

Wt. Container (gms) 191.91 

Cell Pressure (ksf): 

Back Pressure (ksf): 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf): 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 

Axial Strain (%) 









AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

LABORATORY Earth Mechanics, Inc. 



AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

ress: ACTA Heirn Bridge Replacement 

LABORATORY Earth Mechanics, Inc. 

(ASTM D2850) 

















- 

20 - 

/-. - 
CT) 

5 15 - 
Cr) 
CT) 
W 
K 
I- 

1 0 -  
K 
0 
I- < z 5 -  
a 

0 + 

0 5  I 0  15 20 
AXIAL STRAIN (%) 

20 - 

- - rn 15 - 
a - 
rn 
V) 
W 
tx 
I- 
rn 10 - 

E 
Q 
W 
I 
rn 

5 - 

0 - 

0 10 20 30 40 

NORMAL STRESS (PSI) 

Boring 

No 
R-09- 
02 1 

Depth 

(ft) 

20 

Sample 

No 

U-04 

........ ..... .:.... ENVIRONMENTAL ::::x ............ ...... ....-. ...... - .......... ~2 - GEOTECHNOLOGY 
F*E?9 LABORATORY 

Soil 

Type 

CH 

Project Address: ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 

EGL Project No: 09-230-008 

Initial 

Saturation 

(%) 

98.5 

Sample 

Type 

UNCONSOLIDATED UNDRAINED 
(ASTM D2850) 

1 I /30/09 Figure 

Moisture 

Content 

(%) 

58.87 

Dry 
Density 

(pcf) 

64.5 

Maximum 

Deviator 

Stress (psi) 

13.2 

Effective 

Confined 

Pressure (psi) 

5.0 

Strain 

Rate 

(idmin) 

0.06 



20 - 

,--. - 
0 
& 15 - 
0 
UJ 
W 
K 
t- 
UJ 1 0 -  
K 

P 
$ 
W 5 -  
0 

0 <. 

0 5 10 15 20 
AXIAL STRAIN (%) 

20 - 

6 - 
cr, 15 - 

Et; 
V) 
V) 
W 
!Y 
I- 
V) I 0  - 
!Y 

4 
I 
V) 

5 - 

0 - 

0 10 20 30 40 

NORMAL STRESS (PSI) 

Initial 

Saturation 

(%) 

101.0 

Strain 

Rate 

(idmin) 

0.06 

Boring 

No 
R-09- 
02 1 

......... ............ ". ENVIRONMENTAL ::;::x .......... - ...... ....-. ...... ::+: GEOTECHNOLOGY - .......... .. - 
: LABORATORY 

Depth' 

(ft) 

45 

Project Address: ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 

EGL Project No: 09-230-008 

UNCONSOLIDATED UNDRAINED 
(ASTM D2850) 

1 1/29/09 Figure 

Sample 

No 

U-10 

Moisture 

Content 

(%) 

49.76 

Soil 

Type 

CH 

Dry 
Density 

(pcf) 

72.3 

Sample 

Type 

Tube 

Effective 

Confined 

Pressure (psi) 

12.0 

Maximum 

Deviator 

Stress (psi) 

12.0 



AP Engineering & Testing, lnc. 

UNCONSOLIDATED UNDRAINED TRlAXlAL TEST (UU,Q) 
ASTM D 2850 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heirn Bridge Replacement 

Project No.: 06-1 23-03 

Boring No.: R-09-022 

Sample No.: U-I I Depth (feet): 55 

Soil Description Gray Silty Sand 

Sample Diameter (inch): 2.875 

Sample Hieght (inch): 6.0 

Sample Weight (gms): 1254.33 

Wt. Wet Soil+Container(gms) 1369.43 

Wt. Dry Soil+Container(grns) 1096.65 

Wt. Container (grns) 103.90 

TEST DATA 

Cell Pressure (ksf): 2.16 

Back Pressure (ksf): 0.0 

Eff. Confining Pressure (ksf): 2.16 

Shear Rate (%/min): 0.3 

Maximum Deviator Stress (ksf): 6.0 

Ultimate Deviator Stress (ksf): 5.6 

Ultimate Undrained Shear Strength (ksf): 2.8 

Axial Strain @ Maximum Stress (%) 10.83 

Axial Strain (%) 

Tested By: KK Date: 12/03/09 

Checked by: AP Date: 01/03/10 

Sample Type: Shelby 

Wet Unit Weight (pcf): 

Dry Unit Weight (pcf): 

Moisture Content (%): 

Void Ratio for Gs=2.7: 

% Saturation: 



AP Engineering & Testing, Inc. 

UNCONSOLIDATED UNDRAINED TRlAXlAL TEST (UU,Q) 
ASTM D 2850 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-08 Depth (feet): 40 

Soil Description Gray Lean Clay 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch): Dry Unit Weight (pcf): 

Sample Weight (gms): 1163.69 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 131 5.87 Void Ratio for Gs=2.7: 

Wt. Dry Soil+Container(gms) 969.54 % Saturation: 

Cell Pressure (ksf): 

Back Pressure (ksf): 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf): 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 

Axial Strain (%) 















AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

LAB 0 RAT0 RY Earth Mechanics, Inc. 



AXIAL STWIN (%) 

2 

0 

8 10 12 14 16 18 20 22 24 26 28 

NORMAL STRESS (PSI) 

Initial 

Saturation 

(%) 

101.0 

Boring 

No 
R-09- 
027 

Depth 

(ft) 

45 

........ .....:. :.... ENVIRONMENTAL :.:::x ..... ...... ...... ...... '52; GEOTECHNOLOGY - ,..... .... .. ... 
9 * G s J I  LAB 0 W T O  RY 

Project Address: ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 

EGL Project No: 09-230-008A 

Sample 

No 

U-09 

UNCONSOLIDATED UNDRAINED 
(ASTM D2850) 

1 212 1 I09 Figure 

Soil 

Type 

CH 

Moisture 

Content 

(%) 

46.80 

Sample 

Type 
Shelby 
Tube 

Dry 
Density 

(pcf) 

74.8 

Effective 

Confined 

Pressure (psi) 

12.0 

Maximum 

Deviator 

Stress (psi) 

13.4 

Strain 

Rate 

(inlmin) 

0.06 











CONSOLIDATED UNDRAINED TRIAXIAL 



- - 
(I) 

& 
0 
(I) 
W 
IY 

10 - 

20 3 0 
EFFECTIVE NORMAL STRESS, P (PSI) 

20 30 

NORMAL STRESS (PSI) 

Symbol Boring Sample No Depth Sample Type Soil Type 

No (ft) 
0 R-09-021 U-10 45 Shelby Tube CL 
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Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 19.6 in

Min= -8.42 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 2 - FP

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 15.8 in/s

Min= -23.5 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.4 g

Min= -0.5 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 
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TECHNICAL MEMORANDUM 
 
 
DATE: February 2, 2010 EMI PROJECT NO: 06-123-03 
 

PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  

COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  

PREPARED BY: Arul K. Arulmoli, Eric Brown & Patrick Wilson / Earth Mechanics, Inc. 
 

SUBJECT: ACTA Schuyler Heim Bridge (Replace) 
 Los Angeles and Long Beach, CA 
 Bent Foundation Lateral Pile Analysis (p-y Curve Comparison) 
 
 
Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge (Replace) and associated ramp structures (New Dock Street On-Ramp, New Dock Street 
Off-Ramp, State Route-103 On-Ramp and State Route-103 Off-Ramp) in the cities of Los 
Angeles and Long Beach, California.  

This memorandum summarizes the results of our lateral pile analysis following completion of 
the recent field investigation and laboratory testing program and is intended to verify that p-y 
curves developed during the preliminary design phase are suitable and conservative for use in 
final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California. The bridge is located on SR-47 and spans the Cerritos Channel generally 
between Pier A Way on the north side and W. Ocean Boulevard on the south side.

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge and the new alignment shifts east along the existing alignment. The 
proposed fixed bridge will have an elevated profile to provide a vertical clearance of about 47 
feet over a mean high water level (MHWL) of +4.7 feet in the Cerritos Channel and maintain a 
navigable channel width of 180 feet. The proposed bridge will also include southbound exit 
ramps and northbound entrance ramps at New Dock Street and State Route (SR) 103. 
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The typical bridge bent will have either multiple columns (mainline) or single columns (ramp 
structures) supported on Type II cast-in-drilled-hole (CIDH) piles. South of Cerritos Channel, the 
CIDH piles are 10 ft diameter while the spans across Cerritos Channel and north of Cerritos 
Channel are supported on 11 to 12 ft diameter CIDH piles. The abutments for the mainline and 
the ramp structures are expected to be supported on 2.5-foot diameter CIDH piles; however the 
subject memorandum only pertains to the bent pile analysis. 

Project Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by EMI (EMI, 
2006) based upon existing subsurface information available at the time and was intended to be 
used for bridge type selection and preliminary design. The PFR included a general description of 
the subsurface conditions including eight idealized soil profiles along the proposed structure 
alignment with each idealized soil profile typically spanning across multiple bents. The idealized 
soil profile was used by EMI to develop pile lengths for cost estimating purposes based upon 
preliminary design loads provided by the designers. Each idealized soil profile included 
stratigraphy and idealized soil strength parameters (unit weight, friction angle and undrained 
shear strength) including post-liquefaction “residual” shear strengths for the layers identified as 
being potentially liquefiable based on a liquefaction analysis performed on the existing soil 
borings.  

It is our understanding that following approval of bridge type selection, design soil springs (p-y 
curves) were generated by Caltrans using the idealized soil profiles provided in the PFR (EMI, 
2006). The preliminary p-y curves were intended to be used during the initial stages of design 
until a project specific geotechnical field investigation was conducted and the bridge foundation 
report was prepared. A set of p-y curves was generated at each bent of the mainline and ramp 
structures for a single 10-ft diameter CIDH pile and included reduced soil strengths for the layers 
identified in the PFR as potentially liquefiable. Since the project specific geotechnical field 
investigation could not be initiated until late during the project timeline, the preliminary p-y 
curves were used by the Caltrans bridge designers in final design. Based upon our conversations 
with the bridge designers, the only modifications that were made to the preliminary p-y curves 
was the application of a p-multiplier of 1.2 to curves where the CIDH pile diameter was 
increased to 12 ft.  

In September 2009, EMI was requested by the Alameda Corridor Transportation Agency 
(ACTA) to perform the project-specific geotechnical field investigation which when completed 
consisted of 42 rotary wash borings, 33 cone penetration test (CPT) soundings and 8 hollow-
stem auger borings along the proposed bridge and ramp alignment; including at least one boring 
performed near each support of the proposed structure. After completion of the geotechnical field 
investigation and laboratory testing program, a complete liquefaction analysis was conducted 
using the new boring information and the idealized soil profile along the proposed bridge 
alignment was revised.  

Because the geotechnical field investigation was not able to be initiated until late during the 
project timeline, re-analyzing the structure based upon p-y curves generated using the updated 
soil profile was not feasible given project deadlines. Therefore, EMI performed a set of lateral 
pile analyses at selected bent locations representing the entire bridge alignment to compare the 
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preliminary p-y curves (referred to as Design Curves in this memorandum) generated from the 
idealized soil profiles in the PFR to the p-y curves developed using the updated soil profile 
(referred to as Revised Profile Curves in this memorandum) to verify that the preliminary curves 
are suitable and conservative for use in final design.  

Method of Analysis 

As described above, the Design Curves were generated from eight different soil profiles provided 
in the PFR (EMI, 2006). For comparison purposes, five bent locations were selected where the 
individual p-y curves and the overall pile behavior (pile head shear resistance and maximum pile 
moment versus pile-top deflection) could be compared. The bents selected for comparison were 
at locations where five of the eight different soil profiles generated during preliminary design 
could be analyzed. The bent locations selected consisted of two bents south of Cerritos Channel 
(Bent 2 and Bent 11), one of the bents inside the Cerritos Channel (Bent 14) and two bents north 
of Cerritos Channel (Bent 18 and Bent 24). The five different idealized soil profiles are shown in 
Figures 1 to 5.  

A review of the Design Curves indicated that coarse-grained soils appear to have been developed 
using the method proposed by Reese et al. (1974) and fine-grained soils appear to have been 
developed using the method proposed by Reese and Cox (1975) for stiff clay in the presence of 
free water. The Revised Profile Curves generated by EMI were developed using API criteria 
(2000) for coarse grained soils, Matlock’s soft clay criteria (Matlock, 1970) for clays with 
undrained shear strength less than 1 ksf and Reese’s method (Reese and Cox, 1975) for stiff clay 
in the presence of free water  for clays with an undrained shear strength greater than 1 ksf.  

For comparison of the individual p-y curves, the design curves were provided by the designers. 
The Revised Profile Curves were generated using LPILE (Ensoft, 2004) based upon the revised 
idealized soil profile developed at the different bent locations. For the comparison of overall pile 
behavior (pile head shear resistance and pile moment versus pile-top deflection), the Design 
Curves were input into LPILE using the “user input p-y curves” option. Based upon our 
conversations with the designers, a “cracked” section modulus (EI) equal to 75% of the gross EI 
was used for both models.  

Liquefiable Soil. As described above, the Design Curves were generated from soil profiles that 
indicated the presence of potentially liquefiable material. Based upon a review of the Design 
Curves, liquefied strengths were generated by applying a p-reduction factor varying between 
0.15 and 0.20 for potentially liquefiable layers.  

The Revised Profile Curves were generated based upon an updated liquefaction analysis 
performed on the borings completed in the EMI field investigation. Liquefied soil strengths for 
layers identified to be potentially liquefiable were modeled using a p-reduction factor based upon 
the values provided in Ashford et al. (2008). The p-reduction factors are correlated to an average 
normalized clean sand SPT blowcount (N1)60-CS for the liquefiable layer with discrete values 
provided for a range of (N1)60-CS. An approximate trend line was drawn through the ranges 
proposed by Ashford and used in the analysis as shown in Figure 6.  
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Group Effects. It is our understanding that the Design Curves were generated prior to Caltrans 
implementation of the AASHTO LRFD Bridge Design Specifications (AASHTO, 2007) which 
required p-reduction factors to p-y curves to account for group effects. P-reduction factors to 
account for group effects for the Revised Profile Curves followed the recommendations for pile 
group efficiency reduction factors provided in Caltrans Amendments to AASHTO LRFD BDS 
(Caltrans, 2008) and were based upon the CIDH pile on-center spacing in the bridge transverse 
direction at the individual bent locations. Since each bent consists of a single row of piles, the 
bridge transverse direction controls the pile design as it has a greater group reduction than the 
longitudinal direction. The pile spacing and p-reduction factors used in the analysis for each bent 
are listed in Table 1.  

Table 1. Group Reduction Factors for Revised Profile Curves 

Bent Location Pile Diameter (ft) Average Spacing in 
Transverse Direction (ft) 

P-Reduction Factor for 
Group Effects 

Bent 2 10 30 = 3.0 x D 0.53 

Bent 11 10 36 = 3.6 x D 0.61 

Bent 14 12 33 = 2.9 x D 0.48 

Bent 18 12 35 = 3.0 x D 0.53 

Bent 24 12 45 = 4.0 x D 0.67 

Note: Group reduction effects were not accounted for in development of Design Curves. 

Groundwater. The design groundwater elevation for the Revised Profile Curves was placed at an 
elevation of +5 ft MLLW or the ground surface in locations where proposed grade is indicated 
on the plans as being below elevation +5 ft MLLW.  

Results 

The revised soil profiles resulting from the information gathered during the recent investigation 
are generally consistent with those provided in the PFR that were used to develop the Design 
Curves. Site soils can be characterized by alluvial deposits consisting of loose to medium dense 
fine-grained silty sand and sandy silt with abundant silty clay and clayey silt layers between the 
ground surface and about 50 to 70 ft below grade. The near surface alluvium is underlain by 
dense to very dense coarse-grained Gaspur Formation sand. The coarse grained portions of the 
alluvium is generally liquefiable with some pockets and lenses with medium dense to dense 
consistency that are not considered susceptible to liquefaction.  

Since lateral pile behavior is primarily dictated by the soil profile within the upper portion of the 
pile (within about 5 to 7 pile diameters from the pile top), the lateral pile stiffness throughout the 
project is dominated by soft to stiff fine-grained material and liquefiable sand. In generating the 
revised soil profiles, the recent soil borings and laboratory test results justify using more 
appropriate p-reduction factors to account for liquefaction throughout the profile and higher 
undrained shear strengths in some of the fine-grained material. Though the Design Curves were 
generated during early stages of the project without considering group effects, when the more 
appropriate p-reduction factors for liquefiable soils and increased undrained shear strengths for 
the appropriate fine-grained soils are used in conjunction with the group reduction factors, the 
Revised Profile Curves are generally comparable to the Design Curves. Figures 7 to 11 show the 
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Design Curves plotted along side the Revised Profile Curves at each bent location for the top 100 
ft of pile length.   

Due to some revisions in the idealized soil profile stratigraphy based upon the new soil 
information, there are some depths that the Revised Profile Curves model a layer or a portion of 
a layer as softer than the Design Curves; therefore, it isn’t necessarily clear upon initial 
inspection which set of p-y curves generates a more conservative soil model. Based upon our 
conversations with the designers, performing a pile pushover analysis using a free-head pile, the 
curves that generate a pile response where a smaller pile-head shear is required to produce a 
prescribed lateral pile displacement is considered to be more conservative. In addition, since 
earthquake loading on a bridge is force based (i.e., mass times the spectral acceleration), the 
curve that predicts more moment in the pile for a given pile-head shear would also be an 
indication of a more conservative analysis. 

For the five different bents considered, the lateral pile head shear and maximum moment are 
plotted against lateral pile-top displacement in Figures 12 to 16 using the analysis methods 
described above. Figures 12, 15 and 16 show that for Bent 2, Bent 18 and Bent 24, respectively, 
the Design Curves produce a more conservative lateral pile response than the analysis using the 
Revised Profile Curves. For Bent 11 and Bent 14 shown in Figures 13 and 14, respectively, the 
lateral pile head shear to produce the same lateral pile deflection is about 15 percent less for the 
Revised Profile Curves than that for the Design Curves. These differences are considered small 
and acceptable. In addition, as shown in Figures 12 through 16, the maximum moments for given 
pile-head shear values predicted using the Design Curves are approximately equal to or greater 
those predicted using the Revised Profile Curves. 

Conclusions 

Based upon the results of the above described analysis and our discussions with the designers, 
we conclude that the Design Curves are appropriate for use in the bridge final design as they 
typically generate a more conservative lateral pile response than the response predicted by the 
Revised Curves.  
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Range from Table 1
Simplified trendline

Chart for selecting p-multiplier based on (N1)60cs

Recommended values (after Ashford et al. 2008)



y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 90 0.20 1,436 0.17 180 0.20 1,853 0.17 270 0.20 2,263

0.34 162 0.40 2,753 0.34 341 0.40 3,538 0.34 502 0.40 4,271

0.50 182 0.60 3,869 0.50 384 0.60 4,943 0.50 569 0.60 5,873

0.67 197 0.80 4,753 0.67 418 0.80 6,032 0.67 622 0.80 7,046

0.83 210 1.00 5,416 0.83 447 1.00 6,829 0.83 666 1.00 7,852

1.00 221 1.20 5,894 1.00 472 1.20 7,389 1.00 705 1.20 8,381

1.16 231 1.40 6,228 1.16 494 1.40 7,771 1.16 739 1.40 8,719

1.33 240 1.60 6,457 1.33 514 1.60 8,025 1.33 770 1.60 8,931

1.50 248 1.80 6,611 1.50 532 1.80 8,193 1.50 799 1.80 9,062

1.67 256 2.00 6,715 1.67 549 2.00 8,303 1.67 825 2.00 9,143

1.84 263 2.20 6,783 1.84 565 2.20 8,374 1.84 850 2.20 9,192

2.00 269 2.40 6,829 2.00 579 2.40 8,420 2.00 873 2.40 9,222

4.50 365 5.40 6,916 4.50 794 5.40 8,503 4.50 1,210 5.40 9,269

124.50 365 149.40 6,916 124.50 794 149.40 8,503 124.50 1,210 149.40 9,269

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 360 0.20 512 0.17 522 0.17 547 0.25 3,765 0.17 5,521

0.34 631 0.40 967 0.34 744 0.33 1,058 0.50 5,325 0.33 10,523

0.50 720 0.60 1,330 0.50 868 0.50 1,509 0.76 6,204 0.50 14,668

0.67 792 0.80 1,597 0.67 970 0.67 1,885 1.01 6,775 0.67 17,855

0.83 852 1.00 1,780 0.83 1,056 0.83 2,184 1.26 7,164 0.83 20,166

1.00 904 1.20 1,900 1.00 1,132 1.00 2,414 1.51 7,425 1.00 21,774

1.16 951 1.40 1,977 1.16 1,201 1.17 2,586 1.76 7,585 1.17 22,858

1.33 993 1.60 2,026 1.33 1,264 1.33 2,711 2.02 7,664 1.33 23,576

1.50 1,032 1.80 2,055 1.50 1,322 1.50 2,802 2.27 7,676 1.50 24,045

1.67 1,069 2.00 2,074 1.67 1,377 1.67 2,866 2.52 7,629 1.67 24,348

1.84 1,103 2.20 2,085 1.84 1,428 1.83 2,911 2.77 7,532 1.83 24,543

2.00 1,134 2.40 2,092 2.00 1,476 2.00 2,943 3.02 7,390 2.00 24,668

4.50 1,599 5.40 2,103 4.50 2,182 4.50 3,016 5.04 5,330 4.50 24,888

124.50 1,599 149.40 2,103 124.50 2,182 124.50 3,017 7.06 3,268 124.50 24,889

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 6,081 0.17 7,430 0.25 3,765 0.17 9,074 0.17 5,976 0.17 10,832

0.34 7,867 0.33 14,426 0.50 5,325 0.33 17,775 0.34 9,023 0.33 21,341

0.50 9,145 0.50 20,652 0.76 6,204 0.50 25,790 0.50 11,483 0.50 31,242

0.67 10,176 0.67 25,918 1.01 6,775 0.67 32,904 0.67 13,624 0.67 40,316

0.83 11,056 0.83 30,186 1.26 7,164 0.83 39,014 0.83 15,557 0.83 48,423

1.00 11,830 1.00 33,525 1.51 7,425 1.00 44,113 1.00 17,338 1.00 55,503

1.16 12,527 1.17 36,068 1.76 7,585 1.17 48,270 1.16 19,001 1.17 61,565

1.33 13,164 1.33 37,963 2.02 7,664 1.33 51,593 1.33 20,571 1.33 66,668

1.50 13,753 1.50 39,354 2.27 7,676 1.50 54,208 1.50 22,063 1.50 70,902

1.67 14,302 1.67 40,363 2.52 7,629 1.67 56,241 1.67 23,489 1.67 74,373

1.84 14,817 1.83 41,089 2.77 7,532 1.83 57,807 1.84 24,858 1.83 77,191

2.00 15,303 2.00 41,609 3.02 7,390 2.00 59,004 2.00 26,177 2.00 79,461

4.50 22,408 4.50 42,867 5.04 5,330 4.50 62,636 4.50 45,628 4.50 87,868

124.50 22,408 124.50 42,874 7.06 3,268 124.50 62,684 124.50 45,628 124.50 88,090

Figure 7
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 90 0.20 108 0.17 180 0.20 185 0.17 270 0.05 229

0.34 162 0.40 208 0.34 341 0.40 359 0.34 502 1.58 723

0.50 182 0.60 295 0.50 384 0.60 512 0.50 569 3.15 910

0.67 197 0.80 367 0.67 418 0.80 640 0.67 622 4.73 1,042

0.83 210 1.00 423 0.83 447 1.00 743 0.83 666 6.30 1,147

1.00 221 1.20 465 1.00 472 1.20 822 1.00 705 7.88 1,235

1.16 231 1.40 496 1.16 494 1.40 881 1.16 739 9.45 1,313

1.33 240 1.60 518 1.33 514 1.60 925 1.33 770 11.03 1,382

1.50 248 1.80 533 1.50 532 1.80 956 1.50 799 12.60 1,445

1.67 256 2.00 544 1.67 549 2.00 979 1.67 825 14.18 1,503

1.84 263 2.20 551 1.84 565 2.20 995 1.84 850 15.75 1,557

2.00 269 2.40 556 2.00 579 2.40 1,006 2.00 873 17.33 1,607

4.50 365 5.40 567 4.50 794 5.40 1,032 4.50 1,210 18.90 1,654

124.50 365 149.40 568 124.50 794 149.40 1,033 124.50 1,210 50.40 2,294

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 359 0.05 256 0.17 539 0.04 245 0.17 461 0.17 324

0.34 629 1.58 808 0.34 740 1.31 771 0.34 678 0.33 612

0.50 719 3.15 1,018 0.50 869 2.63 972 0.50 850 0.50 843

0.67 790 4.73 1,165 0.67 973 3.94 1,112 0.67 998 0.67 1,012

0.83 850 6.30 1,282 0.83 1,062 5.25 1,224 0.83 1,130 0.83 1,130

1.00 902 7.88 1,381 1.00 1,141 6.56 1,319 1.00 1,251 1.00 1,208

1.16 949 9.45 1,468 1.16 1,212 7.88 1,402 1.16 1,363 1.17 1,257

1.33 991 11.03 1,545 1.33 1,278 9.19 1,475 1.33 1,468 1.33 1,289

1.50 1,030 12.60 1,616 1.50 1,338 10.50 1,543 1.50 1,567 1.50 1,308

1.67 1,066 14.18 1,680 1.67 1,395 11.81 1,604 1.67 1,662 1.67 1,320

1.84 1,100 15.75 1,740 1.84 1,448 13.13 1,662 1.84 1,753 1.83 1,328

2.00 1,132 17.33 1,797 2.00 1,499 14.44 1,715 2.00 1,840 2.00 1,332

4.50 1,594 18.90 1,849 4.50 2,236 15.75 1,766 4.50 3,121 4.50 1,340

124.50 1,594 50.40 2,565 124.50 2,236 42.00 2,449 124.50 3,121 124.50 1,340

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.25 3,765 0.17 584 0.25 3,765 0.25 3,063 0.17 11,128 0.17 9,360

0.50 5,325 0.33 1,135 0.50 5,325 0.50 4,332 0.34 16,961 0.33 18,242

0.76 6,204 0.50 1,626 0.76 6,204 0.76 5,047 0.50 21,702 0.50 26,260

1.01 6,775 0.67 2,041 1.01 6,775 1.01 5,511 0.67 25,850 0.67 33,178

1.26 7,164 0.83 2,379 1.26 7,164 1.26 5,828 0.83 29,606 0.83 38,920

1.51 7,425 1.00 2,643 1.51 7,425 1.51 6,040 1.00 33,077 1.00 43,533

1.76 7,585 1.17 2,845 1.76 7,585 1.76 6,170 1.16 36,327 1.17 47,142

2.02 7,664 1.33 2,996 2.02 7,664 2.02 6,235 1.33 39,400 1.33 49,910

2.27 7,676 1.50 3,107 2.27 7,676 2.27 6,244 1.50 42,325 1.50 51,998

2.52 7,629 1.67 3,188 2.52 7,629 2.52 6,206 1.67 45,125 1.67 53,555

2.77 7,532 1.83 3,246 2.77 7,532 2.77 6,127 1.84 47,817 1.83 54,706

3.02 7,390 2.00 3,288 3.02 7,390 3.02 6,011 2.00 50,414 2.00 55,551

5.04 5,330 4.50 3,389 5.04 5,330 5.04 4,336 4.50 88,729 4.50 57,780

7.06 3,268 124.50 3,390 7.06 3,268 7.06 2,658 124.50 88,729 124.50 57,797

Figure 8
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.22 1,631 0.71 1,055 0.24 2,252 0.53 1,555 0.26 2,862 0.53 1,796

0.42 2,306 1.43 1,491 0.49 3,185 1.05 2,200 0.53 4,047 1.07 2,540

0.64 2,660 2.14 1,735 0.73 3,688 1.58 2,561 0.79 4,697 1.60 2,958

0.85 2,870 2.86 1,891 0.97 3,999 2.10 2,794 1.04 5,106 2.13 3,229

1.06 2,997 3.57 1,996 1.21 4,198 2.63 2,952 1.31 5,375 2.67 3,414

1.27 3,064 4.29 2,065 1.46 4,316 3.15 3,057 1.57 5,542 3.20 3,536

1.49 3,085 5.00 2,105 1.70 4,372 3.68 3,120 1.84 5,631 3.73 3,611

1.69 3,068 5.71 2,122 1.94 4,378 4.20 3,149 2.10 5,657 4.27 3,647

1.91 3,019 6.43 2,121 2.18 4,341 4.73 3,150 2.36 5,630 4.80 3,651

2.12 2,944 7.14 2,102 2.44 4,268 5.25 3,127 2.62 5,558 5.33 3,627

2.33 2,844 7.86 2,069 2.68 4,163 5.78 3,083 2.88 5,445 5.87 3,578

2.54 2,724 8.57 2,024 2.92 4,032 6.30 3,021 3.14 5,300 6.40 3,510

4.24 1,978 14.29 1,463 4.86 2,926 10.50 2,181 5.24 3,841 10.67 2,532

5.94 1,230 20.00 902 6.80 1,820 14.71 1,341 7.34 2,382 14.93 1,554

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.28 3,375 0.37 2,691 0.20 1,234 0.21 3,600 0.20 2,530 0.22 3,613

0.55 4,773 0.74 3,805 0.40 2,467 0.43 5,092 0.40 5,059 0.43 5,110

0.83 5,547 1.12 4,432 0.60 3,701 0.64 5,931 0.60 7,589 0.65 5,953

1.10 6,041 1.49 4,837 0.80 4,120 0.86 6,475 0.80 8,955 0.86 6,500

1.39 6,371 1.86 5,113 1.00 4,395 1.07 6,846 1.00 9,591 1.08 6,874

1.67 6,583 2.23 5,296 1.20 4,632 1.29 7,093 1.20 10,144 1.29 7,123

1.94 6,703 2.61 5,408 1.40 4,843 1.50 7,244 1.40 10,637 1.51 7,277

2.22 6,750 2.98 5,461 1.60 5,033 1.71 7,317 1.60 11,083 1.73 7,353

2.50 6,735 3.35 5,466 1.80 5,208 1.93 7,326 1.80 11,491 1.94 7,364

2.77 6,667 3.72 5,429 2.00 5,368 2.14 7,279 2.00 11,870 2.16 7,319

3.05 6,553 4.10 5,356 2.20 5,518 2.36 7,183 2.20 12,223 2.37 7,225

3.32 6,400 4.47 5,251 2.40 5,659 2.57 7,044 2.40 12,555 2.59 7,088

5.54 4,631 7.45 3,790 5.40 7,701 4.29 5,083 5.40 17,381 4.32 5,113

7.76 2,861 10.43 2,327 149.40 7,701 6.00 3,119 149.40 17,381 6.04 3,135

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0

0.20 5,410 0.20 3,604 0.20 12,610 0.18 9,154

0.40 10,819 0.40 6,576 0.40 25,219 0.37 17,902

0.60 13,502 0.60 8,661 0.60 34,932 0.55 25,909

0.80 15,196 0.80 9,964 0.80 41,608 0.73 32,951

1.00 16,655 1.00 10,720 1.00 47,654 0.92 38,933

1.20 17,951 1.20 11,140 1.20 53,241 1.10 43,863

1.40 19,125 1.40 11,368 1.40 58,472 1.28 47,829

1.60 20,203 1.60 11,490 1.60 63,417 1.47 50,956

1.80 21,205 1.80 11,554 1.80 68,125 1.65 53,382

2.00 22,143 2.00 11,588 2.00 72,632 1.83 55,243

2.20 23,028 2.20 11,607 2.20 76,965 2.02 56,657

2.40 23,866 2.40 11,616 2.40 81,146 2.20 57,723

5.40 36,124 5.40 11,627 5.40 142,818 4.95 60,806

149.40 36,124 149.40 11,627 149.40 142,818 136.95 60,840

Figure 9
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.14 115 0.23 231 0.19 195 0.06 288 0.22 268 0.06 312

0.29 162 0.47 459 0.38 275 2.00 906 0.42 379 2.00 983

0.43 186 0.70 679 0.58 318 3.99 1,142 0.64 439 3.99 1,239

0.58 199 0.93 889 0.77 344 5.99 1,307 0.85 477 5.99 1,418

0.72 206 1.17 1,086 0.97 361 7.98 1,438 1.06 502 7.98 1,560

0.86 209 1.40 1,269 1.16 370 9.98 1,549 1.27 517 9.98 1,681

1.01 208 1.63 1,436 1.36 374 11.97 1,646 1.49 524 11.97 1,786

1.15 204 1.87 1,586 1.55 374 13.97 1,733 1.69 526 13.97 1,880

1.30 198 2.10 1,721 1.74 370 15.96 1,812 1.91 523 15.96 1,966

1.44 190 2.33 1,841 1.93 363 17.96 1,885 2.12 515 17.96 2,045

1.57 180 2.57 1,946 2.12 353 19.95 1,952 2.33 504 19.95 2,118

1.72 169 2.80 2,037 2.32 340 21.95 2,015 2.54 490 21.95 2,186

2.87 122 6.30 2,522 3.86 247 23.94 2,074 4.25 355 23.94 2,251

4.02 74 174.30 2,560 5.41 154 63.84 2,877 5.94 221 63.84 3,121

100.00 74 342.30 2,560 100.00 154 119.70 2,877 100.00 221 119.70 3,121

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 186 0.23 757 0.17 402 0.20 872 0.25 4,519 0.05 382

0.34 350 0.47 1,479 0.34 722 0.40 1,690 0.50 6,390 1.53 1,203

0.50 395 0.70 2,136 0.50 822 0.60 2,410 0.76 7,445 3.06 1,516

0.67 429 0.93 2,711 0.67 902 0.80 3,011 1.01 8,129 4.59 1,735

0.83 458 1.17 3,195 0.83 969 1.00 3,490 1.26 8,597 6.12 1,910

1.00 483 1.40 3,591 1.00 1,027 1.20 3,859 1.51 8,910 7.65 2,057

1.16 505 1.63 3,907 1.16 1,080 1.40 4,134 1.76 9,102 9.18 2,186

1.33 526 1.87 4,153 1.33 1,127 1.60 4,336 2.02 9,197 10.71 2,301

1.50 544 2.10 4,342 1.50 1,171 1.80 4,481 2.27 9,211 12.24 2,406

1.67 561 2.33 4,486 1.67 1,211 2.00 4,585 2.52 9,155 13.77 2,502

1.84 577 2.57 4,594 1.84 1,249 2.20 4,658 2.77 9,038 15.30 2,592

2.00 592 2.80 4,675 2.00 1,284 2.40 4,710 3.02 8,868 16.83 2,675

4.50 808 6.30 4,902 4.50 1,800 5.40 4,829 5.04 6,396 18.36 2,754

124.50 808 174.30 4,904 124.50 1,800 149.40 4,829 7.06 3,922 48.96 3,819

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.25 4,519 0.20 798 0.25 4,519 0.54 1,996 0.17 7,207 0.20 8,099

0.50 6,390 0.40 1,559 0.50 6,390 1.08 2,822 0.34 9,150 0.40 15,587

0.76 7,445 0.60 2,252 0.76 7,445 1.62 3,288 0.50 10,522 0.60 22,023

1.01 8,129 0.80 2,857 1.01 8,129 2.16 3,590 0.67 11,618 0.80 27,217

1.26 8,597 1.00 3,367 1.26 8,597 2.70 3,797 0.83 12,546 1.00 31,200

1.51 8,910 1.20 3,782 1.51 8,910 3.24 3,935 1.00 13,360 1.20 34,137

1.76 9,102 1.40 4,113 1.76 9,102 3.78 4,020 1.16 14,088 1.40 36,240

2.02 9,197 1.60 4,371 2.02 9,197 4.32 4,062 1.33 14,751 1.60 37,715

2.27 9,211 1.80 4,569 2.27 9,211 4.86 4,068 1.50 15,362 1.80 38,734

2.52 9,155 2.00 4,720 2.52 9,155 5.40 4,044 1.67 15,930 2.00 39,430

2.77 9,038 2.20 4,833 2.77 9,038 5.94 3,992 1.84 16,462 2.20 39,903

3.02 8,868 2.40 4,917 3.02 8,868 6.48 3,917 2.00 16,963 2.40 40,223

5.04 6,396 5.40 5,152 5.04 6,396 10.80 2,825 4.50 24,267 5.40 40,876

7.06 3,922 149.40 5,154 7.06 3,922 15.12 1,732 124.50 24,267 149.40 40,878

Figure 10
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y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.14 115 0.23 140 0.19 195 0.23 182 0.22 268 0.06 325

0.29 162 0.47 276 0.38 275 0.47 358 0.42 379 1.79 1,025

0.43 186 0.70 404 0.58 318 0.70 523 0.64 439 3.57 1,291

0.58 199 0.93 521 0.77 344 0.93 674 0.85 477 5.36 1,478

0.72 206 1.17 625 0.97 361 1.17 808 1.06 502 7.14 1,627

0.86 209 1.40 717 1.16 370 1.40 925 1.27 517 8.93 1,753

1.01 208 1.63 795 1.36 374 1.63 1,024 1.49 524 10.71 1,862

1.15 204 1.87 861 1.55 374 1.87 1,107 1.69 526 12.50 1,961

1.30 198 2.10 916 1.74 370 2.10 1,176 1.91 523 14.28 2,050

1.44 190 2.33 960 1.93 363 2.33 1,232 2.12 515 16.07 2,132

1.57 180 2.57 997 2.12 353 2.57 1,277 2.33 504 17.85 2,208

1.72 169 2.80 1,026 2.32 340 2.80 1,313 2.54 490 19.64 2,279

2.87 122 6.30 1,134 3.86 247 6.30 1,443 4.25 355 21.42 2,347

4.02 74 174.30 1,137 5.41 154 174.30 1,446 5.94 221 57.12 3,254

100.00 74 342.30 1,137 100.00 154 342.30 1,446 100.00 221 107.10 3,254

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 204 0.06 358 0.17 348 0.20 444 0.17 420 0.20 521

0.34 385 1.79 1,127 0.34 642 0.40 848 0.34 743 0.40 983

0.50 434 3.57 1,419 0.50 729 0.60 1,183 0.50 848 0.60 1,351

0.67 472 5.36 1,625 0.67 797 0.80 1,443 0.67 931 0.80 1,619

0.83 504 7.14 1,788 0.83 855 1.00 1,631 0.83 1,001 1.00 1,802

1.00 532 8.93 1,926 1.00 905 1.20 1,764 1.00 1,062 1.20 1,922

1.16 557 10.71 2,047 1.16 949 1.40 1,853 1.16 1,116 1.40 1,999

1.33 579 12.50 2,155 1.33 990 1.60 1,913 1.33 1,166 1.60 2,046

1.50 599 14.28 2,253 1.50 1,027 1.80 1,952 1.50 1,211 1.80 2,076

1.67 618 16.07 2,343 1.67 1,061 2.00 1,978 1.67 1,254 2.00 2,094

1.84 636 17.85 2,427 1.84 1,093 2.20 1,994 1.84 1,293 2.20 2,105

2.00 652 19.64 2,505 2.00 1,123 2.40 2,005 2.00 1,330 2.40 2,111

4.50 892 21.42 2,579 4.50 1,561 5.40 2,024 4.50 1,871 5.40 2,122

124.50 892 57.12 3,577 124.50 1,561 149.40 2,024 124.50 1,871 149.40 2,122

y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in) y (in) p (#/in)

0.00 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00 0

0.17 565 0.20 5,169 0.25 4,519 0.20 10,619 0.17 10,788 0.20 14,188

0.34 826 0.40 9,886 0.50 6,390 0.40 20,345 0.34 16,443 0.40 27,639

0.50 1,030 0.60 13,846 0.76 7,445 0.60 28,563 0.50 21,040 0.60 39,764

0.67 1,205 0.80 16,941 1.01 8,129 0.80 35,046 0.67 25,061 0.80 50,205

0.83 1,361 1.00 19,231 1.26 8,597 1.00 39,889 0.83 28,702 1.00 58,848

1.00 1,504 1.20 20,855 1.51 8,910 1.20 43,362 1.00 32,067 1.20 65,771

1.16 1,636 1.40 21,973 1.76 9,102 1.40 45,780 1.16 35,218 1.40 71,173

1.33 1,760 1.60 22,728 2.02 9,197 1.60 47,429 1.33 38,197 1.60 75,301

1.50 1,877 1.80 23,230 2.27 9,211 1.80 48,537 1.50 41,032 1.80 78,408

1.67 1,988 2.00 23,561 2.52 9,155 2.00 49,275 1.67 43,747 2.00 80,717

1.84 2,094 2.20 23,778 2.77 9,038 2.20 49,764 1.84 46,357 2.20 82,418

2.00 2,196 2.40 23,920 3.02 8,868 2.40 50,086 2.00 48,875 2.40 83,664

4.50 3,694 5.40 24,182 5.04 6,396 5.40 50,698 4.50 86,020 5.40 86,920

124.50 3,694 149.40 24,182 7.06 3,922 149.40 50,699 124.50 86,020 149.40 86,943

Figure 11
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APPENDIX H 

DESIGN P-Y CURVES FOR BENT LATERAL PILE ANALYSIS 



Table H-1. Sehuyler Heim Bridge Abutment 1 

I I 



Table H-2. Schuyler Heim Bridge Bents 2 through 5 



Table 8-3.  Schuyler Neim Bridge Bents 6 and 7 
p-y Curves for 10' Diameter CIDH Piles 



Table H-4. Schuyler Heim Bridge Bents 8 and 9 
D-v Curves for 10' Diameter CIDH Piles 

30 ft depth 

y (in) p (Iblin) 



Table H-5. Schuyler Weim Bridge Bents 10 through 12 





Table N-7. Schuyler Heim Bridge Bents 14 and 15 
n-v Curves for 12' Diameter CIDH Piles 



I Note: For 13 ft diameter piles, "p" can be increased by a factor of 1.2 equal to the ratio of the pile diameters. I 



Table H-9. Schuyler Heim Bridge Bent 17 



Table H-10. Schuyler Neim Bridge Bent 18 



Table H-11. Schuyler Heim Bridge Bents 19 through 24 
D-v Curves for 10' Diameter CPDH Piles 



APPENDIX I 

CALTRANS OFFICE OF GEOTECHNICAL DESIGN SOUTH 1 

REVIEW COMMENTS AND EM1 RESPONSES 



Rcview Comments for Sch~iler tIeim Bridge Replacement (BR.53-3032) 

Subject: Review Commenls for Schuler Heill1 Bridge Replaceilleilt (BR53-3032) 
From: EIailao Liu <l~aitao-liu@dot.ca.gov> 
Date: Wed, 7 Apr 2010 23:14:04 -0400 
To: Arul Arulmoli <a~ilmoli@ea~-tlxl~ecl~.coi~~> 
CC: Hector Bedolla <l~ecto~bedolla@dot.ca.gov>, Dell-Jeng Jailg <dell-jengja~g@dot.ca.gov>, 
Halllid R Toossi <l~a~~id~r~toossi@dot.ca.gov>, Foued Zayati <foued-zayati@dot.ca.gov>, Bojan 
Misic <bo.j an - misic@dot.ca.gov>, Raqj an Gunara~j  ail <railj an@eai?lx~lech.com>, Eric Brown 
<e.browi~@eartlm~ecl~.com>, Seuligwooil Hail <se~~ngwooi~~l~~~@dot .ca .gov>  

Hi Arul, 

Below are our review comments for the subject bridge. Those are the 
comments in addition to all applicable comments for all previously reviewed 
ramp structures. Among them, two comments have already been addressed in 
our previous discussion, but also included here for documentation purpose. 

1) Page 34-39 Table 5: Comments on idealized soil profile and strength 
parameters. 

(Embedded image moved to file: pic03951.jpg) 

2) Page 68, Section 5.7.1 
Please provide technical reference for Yong's method (1985) specified in 
the Report. 

3) Faye 69, Section 5.6.1 
Immediate settlement accounts for a significant portion of total settlement 
at the ernbanliment location. It need to be considered, should the utility 
lines e~:i.st underneath the proposed fill. 

4) Page 70, Section 5.9.2 
Please provide detailed technical source to support the ultimate unit bond 
strengths, including grout method to be used to achieve these strengths. 

5) Page 78, Section 6.2.1 
Please specify the proposed tip elevation of the permanent casing for each 
bent within the channel, and justify the minimum required casing embedment 
below mudline. 

6) Shaft Analysis for axial pile capacity (Calculation Volume) 
Please apply energy corrected blowcounts directly for the evaluation of 
pile capacity in cohesionless materials. This will eliminate potential 
error occurred in unnecessary N-f correlation/interpretation process. 

7) Settlement controlled tip elevation under service condition for Abutment 
1 (Calculation Volume) 
Settlement controlled tip elevation should be based on 154 tons of service 
load for individual pile, when group reduction factor of 0.9 is considered 
for pile a>:ial capacity. This is to ensure that, when loaded in group, each 
pile can maintaln 154X0.9 =139 tons of the required pile resistance under 
service condition. 

8) Axial pi1.e capacity for type I1 shaft within the channel (Bents 13 to 
16, Calculation Volume). 
API method for large diameter driven pile, instead of b method prescribed 
for CIDH piles, should be used for the evaluation of axial capacity for the 
embedded portion of the permanent casing. Please separate the pile axial 
analysis into two parts. 

9) Global stability analysis for Abutment 1 (Calculation Volume) 
In pseudo static analysis, please remove the traffic loading on top of the 



Review Comments for Scli~~ler tleiiii Bridge Replace~iient (BR53-3032) 

embankment, as they are not part of the load combination under seismic 
condi t ion. 

10) Lateral soil loading on piles upon lateral spreading (Calculation 
Volume) 
Please define the boundary condition based on contract plans (Bent Details 
No.3). Hinge connection, rather than double roller connection, is 
prescribed between column and superstructure. 

11) Lateral soil loading on piles upon lateral spreading (Calculation 
Volume) 
Please include complete input and output data from L-Pile kinematic 
analysis of the column/shaft in Calculation Volume. 

Should you have any question, please contact me or Mr Seungwoon Han at 
(916) 22-7-4533. 

Best Regards, 

Haitao Liu, P.E. 

Transportation Engineer - Civil 
Office of Geotechnical Design South - 1 
Division of Engineering Services 
Department of Transportation, California 

5900 Folsom Blvd. 
Sacramento, CA 95819 
Office phone: (916) 227-0992 
Cell phone: (916) 704-6519 



Review Comments for Scli~tler I-leim Bridge Replacement (BR53-3032) 

ccording to soil boring 1'40. R-09-013 that w a s  cotidcrded a t  the  

s tnedium stiff to stiff. Please resr;ise the 

Content-Description: pic0395 1 .jpg 

pic03951.jpg Content-Type: imagelj peg 

Content-Encoding: base64 



southbound of the bridqe .- , most of the soils are snft to medium stiff 
clay with PP# ranging from 0.25 to 0.5 tsf (CJU test 0.65 ksf for soils in Grade to -34 ft 
medium stiff layer). Please compare the above pararneters with the 

Grade to -21 ft 



RESPONSES FOR ACTION REUD 

A AGREE FULLY WILL COMPLY 
B AGREE PARTLY SEE INOiED EXCEPilOtIS 
C DISAGREE REASOFIS ARE IIOTED 
D COMMENT HAS BEEN SUPERCEDE: 3 i  XES!C'! 9E'/E??Pl,lEI!T 
E OUESilON ONLY A1,ISWER THE OilESTIIJi. 

Scuyler Heim Bridge (Replace) (Bridge No. 53-3032) 
SUBMITTAL REVIEW COMMENTS FORM 

Comments on idealized soil profile and strength parameters. 

2) Section 5.7.1 (Page 68): pressure on bridge abutment walls, only static lateral 
Please provide technical reference for Yong's method (1985) specified in 

Section 5.7.1 (Earth Pressures) of FR (seismic lateral 

Page 1 of 3 

3 

4 

5 

Schuyler Heim Bridge 65% PS&E 

3) Section 5.8.1 (Page 69): 
Immediate settlement accounts for a significant portion of total settlement 
at the embankment location. It need to be considered, should the utility 
lines exist underneath the proposed fill. 

4) Section 5.9.2 (Page 70): 
Please provide detailed technical source to support the ultimate unit bond 
strengths, including grout method to be used to achieve these strengths. 

5) Section 6.2.1 (Page 78): 
Please specify the proposed tip elevation of the permanent casing for each 
bent within the channel, and justify the minimum required casing 
embedment below mudline. 

RG I KA 

RG I KA 

RGIKA 

A 

A 

A 

earth pressure recommendations will not be included). 

Will comply. Total settlement estimates of underlying 
soils beneath the utility lines due to the proposed 
embankment fill placement have been revised. The 
immediate settlement of cohesionless soils has been 
calculated using Section 10.6.2.4.3 of AASHTO LRFD 
BDS. 
A separate paragraph has been included in Section 5.8.1 
of FR to address the total settlement of utility lines due to 
the proposed embankment fill placement. 

Will comply. FHWA 1999 Publication for Ground Anchors 
and Anchored Systems that contains presumptive 
ultimate transfer loads for gravity-grouted ground 
anchors are attached. 

Will comply. The specified tip elevations of permanent 
steel casings for all bents will be included in Section 
6.2.1 of FR. 
As a result of design development and discussions with 
the designers, the CMP permanent casing has been 
replaced with driven permanent steel casing on all bents. 
The specified tip elevation of the permanent steel casing 
for all bents have been included in the Pile Data Table. 
The revised pile data table is attached. 



RESPObISES FOR ACTION REO'D 
A AGREE FULLY WILLCOMPLY 
B AGREE PARTLY SEE NOTED EXCEPTIONS 
C DIS4GREE REASOEIS ARE NOTED 
C COI;'E.:EIIT HAS BEEN SUPERCEDED BY DESIGN DEVELOPMENT 
Z ' 2LESi lu l i  OliLv ANSWER THE QUESTION 

Scuyler Heim Bridge (Replace) (Bridge No. 53-3032) 
SUBMITTAL REVIEW COMMENTS FORM 

Page 2 of 3 

NO. 

6 

7 

8 

9 

Schuyler Heim Bridge 65% PS&E 

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. Reviewed By: COMMENTS 

6) Shaft Analysis for Axial Pile Capacity (Calculation Volume): 
Please apply energy corrected blowcounts directly for the evaluation of pile 
capacity in cohesionless materials. This will eliminate potential error 
occurred in unnecessary N-f correlationlinterpretation process. 

7) Settlement Controlled Tip Elevation Under Service Condition for 
Abutment 1 (Calculation Volume): 
Settlement controlled tip elevation should be based on 154 tons of service 
load for individual pile, when group reduction factor of 0.9 is considered for 
pile axial capacity. This is to ensure that, when loaded in group, each pile 
can maintain 154X0.9 =I39 tons of the required pile resistance under 
service condition. 

8) Axial pile capacity for type I1 shaft within the channel Bents 13 
through 16 Calculation Volume: 
API method for large diameter driven pile, instead of p method prescribed 
for ClDH piles, should be used for the evaluation of axial capacity for the 
embedded portion of the permanent casing. Please separate the pile axial 
analysis into two parts. 

9) Global Stability Analysis for Abutment 1 (Calculation Volume): 
In pseudo static analysis, please remove the traffic loading on top of the 
embankment, as they are not part of the load combination under seismic 
condition. 

RESPONSE BY: 

RG I KA 

RG I KA 

RG I KA 

RGIKA 

ACTION 
REQ'D 

A 

A 

A 

A 

RESPONSE 

Will comply. The axial pile calculations for all bents under 
Strength Limit Condition have been revised using the 
followings: 
1. Using blowcounts (N) instead of the friction angle in 
SHAFT for sandy layers that has lower blowcounts 
(i.e., N < 15). 
2 Using the maximum end bearing value as 20% of the 
nominal resistance. 
3. Determining the axial capacity of permanent steel 
casing using API Recommended Practice (2000). 
The revised axial pile calculations and pile data table are 
attached. 

Will comply. A group reduction factor of 0.9 has been 
applied to determine the settlement controlled tip 
elevation under service limit condition for Abutment 1 
A service load of 154 tons (13910.9) has been used to 
determine the settlement controlled tip elevation for 
individual pile in Abutment 1. The revised axial pile 
calculation is attached. 

Will comply. The axial capacity for the embedded portion 
of driven permanent steel casing has been determined 
using API Recommended Practice (2000). The axial 
capacity for the remaining portion below the permanent 
steel casing has been determined using SHAFT. The 
axial pile capacity calculations of the permanent steel 
casing are attached. The axial pile capacity calculations 
for the portion below the permanent steel casing are 
already attached in comment no 6. 

Will comply. The traffic loading of 250 psi on top of the 
embankment has been removed in global stability 
analyses under seismic condition. The revised global 
stability analyses for Abutment 1 are attached. 

DATE 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 



RESPONSES FOR ACTION REO'D 
A AGREE FULLY WILLCOMPLY 
B AGREE PARTLY SEE NOTED EXCEPTiGitS 
C DISAGREE REASOiiS ARE NOTED 
D COMMENT HAS BEEN SUPERCEDED BY DESIG'! PE:'EiCr!.!EI!T 
E OUESTiON ONLY ANSWER THE IiUESTlOl! 

Scuyler Heim Bridge (Replace) (Bridge No. 53-3032) 
SUBMITTAL REVIEW COMMENTS FORM 

Page 3 of 3 

NO. 

10 

11 

Schuyler Heim Bridge 65% PS&E 

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. Reviewed By: COMMENTS 

10) Lateral Soil Loading on Piles upon Lateral Spreading (Calculation 
Volume): 
Please define the boundary condition based on contract plans (Bent Details 
No.3). Hinge connection, rather than double roller connection, is prescribed 
between column and superstructure. 

11) Lateral Soil Loading on Piles upon Lateral Spreading (Calculation 
Volume): 
Please include complete input and output data from L-Pile kinematic 
analysis of the columnlshaft in Calculation Volume. 

RESPONSE BY: 

RG I KA 

RG I KA 

ACTION 
REQ'D 

A 

A 

RESPONSE 

Will comply. Based on our previous discussions about 
the column-to-superstructure connection details and 
using the modified soil parameters and slope 

configurations, lateral soil (kinematic) loading evaluations 
for Cerritos channel slope bents (Bents 12, 13, 16, and 
17) have been revised. The maximum moments have 
been calculated using both "hinge" and "cantilever" 
conditions at the column top and the average of these 
two moments will be recommended in Final FR. Table 17 
has been revised in FR and is attached. The revised 
kinematic analyses for the channel slope bents are also 
attached. 

Will comply. The complete input and output data files 
from LPILE kinematic analyses will be included in 
Calculation Volume and are attached. 

DATE 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 



EM1 Project No. 06-123-03 
Alal~leda Corridor Trai~sportation Authority 
One Civic Plaza, Suite 350 
Carson, California 90745 

,4ttelltioil. Mr. Lucien Hersh, P.E. 
Project Manager 

Sul?;lecl. Firla1 F0111~clatio1~ Report, Retairzirzg Wall A l ,  Bridge No. 53E0147 
iWechnrzicnll~~ Stabilized Earth (IMSE) Wall 
Los Ar~geles Co~rrzty, Califorrzia, (7-LA-47, PM3.55, EA 238501) 

Dear Ms. I-lersh: 

Attached is our Final Foui~dation Report for tlle subject retaining wall. This report presents the 
findings and coilclusiolls of our geotechnical illvestigatioil as well as analyses results and 
recolnmendatioi~s for design and construction of the subject retaiiliilg wall. 

'The Fol~ndation Report for the subject walls, dated February 10, 2010, was s~lbmitted to 
Caltrans. The Caltrans Office of Geotecl~~~ical Design South 1 (OGDS-1) reviewed the report and 
provided their commeilts on April 12, 2010. EM1 developed respoilses to the OGDS-1 review 
comnlents and submitted thein on May 4, 2010. OGDS-1 review comnleilts and EM1 respc)nses 
ale included in Appendix G. The responses to these review con~nents have been incoiyorated 
illto this Final Foulldatioil Report. We appreciate the opportunity to provide geotechnical 
services for this project. If you have any questions please call us. 

Sincerely, 
EARTI-I MECHANICS, INC. 

(Pratheep) R . Pratl~eepan 
Staff Engineer 

(Arul) I<. Arr~lmoli, PhD, GE 
Project Manager 

(Ra~!j an) G. J. Gunaralljan, PE 
Senior Staff Engineer 

17660 Newhope Street, Suite E, Fou~iitain Valley, California 92708 Tel: (714) 75 1-3826 Fax: (7 14) 75 1-3928 
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1.0 INTRODUCTION 

1.1 Pul-pose Scope of Work 

This Foundation Report presents the findings and conclusions of a geotecl~l-~ical illvestigatioil 
conducted by Earth Mecl~anics, Inc. (EMI) for the proposed Approach Emba~dcment and 
Retaining Wall A1 (Bridge No 53E,0147) in Los Angeles County, California. The report has beell 
prepared in general accordance with Caltrans Guidelines for Foundation Investigation and 
Reports (Caltrans, 2006e). It presents results of our foulldation analyses and provides design and 
construction recommendations to assist the bridge desigllers in preparing t l~e  project Plans, 
Specifications, and Estimates (PS&E) for tlle project. 

The geotecl~uical services provided for this project included the following tasks: 

a Collection and review of existing geoteclulical infor1nation; 
e Field exploration consisting of drilling, sampling and logging exploratory borings; 
o L,aboratory testing of selected bulk and relatively undisturbed soil samples; 
ta Engineering a~lalysis to develop fo~u~dation design and construction recommendations; 
o I'repararion of'this report presenting our findings, conclusions, and recollllllelldatiolls. 

1.2 Re-ojeet Description 

The Scl~uyler Hcim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a 
joint partnersliip between Caltrans and the Alameda Col-ridor Trailspoi-tation Au~tl~ority (ACTA). 
Tlle project proposes to replace tile seismically deficient Schuyler Heim Bridge over Cel-sitos 
Cllailllel a113 add a four-lane elevated roadway colu~ectioa to Alalneda Street that will bypass 
three sig~~alizeci llltersections and five at-grade railroad crossings. The location of the project is 
shown in Figure 1. 

'The proposed Sclluyler Heim Bridge replacelnent consists of replacing the existing vertical-lift 
bridge with a fixed b~idge with an elevated profile to provide a lnininluln vertical clearance of 
47 ft iin tile Cell-itos C11zmlel and maintain a navigable width of 180 ft within the channel. The 
proposed bridge replacel~ient project includes bridge structures along the so~~thbound exit ramps 
and ~iorthbou~ld entrance rainps at New Dock Street and State Route-1 03 (SR-103). This report is 
preparecl for proposed Approach Embaldanent for the Schuyler Heiln Bridge from the Ocea~l 
Boulevard and Retaining Wall A1 (Bridge No 53E0147) located on the west side of the approach 
enibanltnle~lt (Figure 2). 

The proposed approach einbaidcn~ent has a maximum height of 17 fi at abutment 1, which is 
about 2 ft more than the existing embankment. Proposed width of the embanlunent varies 
approxiil~ately fro111 120 ft to 150 I?, which requires some fills and cuts to tlie existing 
embankment. The proposed approach embanlunent has a 2:l slope on the east side and a MSE 
Wall (Al) on the west side. Retaining Wall Al ,  located between Sta. 2+38 and Sta. 4+20 ("A" 



Line), will be approximately 185 ft long with retained heights varying from 10 ft at the southern 
end of the wall to a rnaxinlunl lleight of 20 ft at the noi-tl~ern end of the wall wl~ere it ternlillates 
at the Abutllient I of the Scl~uyler Hein1 Bridge. Recommendatioizs for Abutnient 1 of the 
Schuyler Heim Bridge are provided in a separate fi~undation repoi? prepared by EM1 (201 0). 

1.3 Limitations 

This repolt is intended lor use by Alalneda Corridor Transpoi-tation Authority (ACTA), its 
design teaill meil~bers and the Califoixia Department of Transpoi-tation (Caltrails) for the 
p~opaseed Approach Eniballltment and Retainiilg Wall Al .  This repoi-t is based 011 the project as 
described Ilerein and the illfornlatioll obtained fiom the exploratory borings at the approximate 
localions indicated on the attached plans. The findings and recommendations coiltailied in this 
report are based on the results of the field investigation, laboratory tests, and engilleering 
analyses. Also, soils and subsurface coilditiolls ellcountered in tlze exploratory borings are 
pres~utl~ed to be representative of the project site; however, subsurface coilditions and 
characteristics of soils between exploratory boriilgs call vary. Filldings reflect an interpretation of 
the direct evidence obtained. Recoi~~ineizdations presented herein are based 011 the assumption 
that an appropriate level of quality control and quality assurailce (inspections and tests) will be 
provided during constluction. EM1 should be notified of m y  pei-tinent changes in the project 
plans or if su1:surface coilditions are found to vary from those described herein. Modifications to 
the project plans or variations in subsurface co~lditioils inay require re-evaluation of the 
recoi-c~mefidatioi~s colltaiiled in this report. 

The data, opinions; and recomilleizdatioils contained herein are applicable to the specific design 
elenxmts anil locatioils which are the subject of this repoi-t. Data, opinions, and recoll~lliendations 
hereis1 l~ave ilo al:,plicability to any otl~er design elelneilts or to ally other locations, and any and 
all stlb:,equent users accept ally and all liability resultiilg from ally use or reuse o f  the data, 
opii1i311~. ai~ci ~ecol~l~llendations without the prior written collseilt of EMI. 

EM1 is no1 rzspo~~sible for consti-uction means, methods, tecl~liques, sequences, or procedures, 
or for sal ty precautions or prograins in colmeciiolz with the constructiol~, for the acts or 
omissiol.~~ sf Ihe Contractor, or ally other persoil perforizliilg ally of the construction, or for the 
Iailure of any worlter to call-y out the constructiol~ in accordance with the Final collstructioil 
drawings alld specifications. 

S~rviceq perfori~~ed by EM1 were colzducted in a manner consistent wit11 that level of care and 
skill ordinarily e~ercised by members of the profession currently practicing in the salme locality 
under sirnjiar ~~onditions. No otller represelltation, expressed or implied, and no warranty or 
g:raranttee is included or intended. 







2.0 FIELD INVESTIGATION AND LABORATORY TESTING 

2.1 Existing Information 

Existing subsurface illforlllatioil s~~round ing  the Schuyler Heill1 Bridge is available fi-011-1 reports 
prepared by LKR Group, Inc. (LKR, 1 998), MAA Ellgiileerillg Consultants, Inc. (MAA, 1 993) 
and Diaz-Youi~~nan slid Associates (DYA, 2000) fol seisnlic retrofit of the existing Schuyler 
Heim Bridge, rejlabililation of the Badger Avenue Bridge, and Henry Ford Avenue Grade 
Separation Project, respectively. Froill these three: sources, the oilly borings in the vicinity of 
Approach Ei~~banlullent a i~d Retaining Wall A1 were those shown on the as-built Logs-of-Tesi- 
Boring (LOTB) sheets prepared by LICR for the seislllic retrofit of the Schuyler Heim Bridge. 

For tile seismic retrofit project, a total of 20 cone pelletratio11 test (CPT) soulldiilgs and five 
rotary wash borings were performed along the entire Scl~~lyler Heim Bridge alignment. Of those 
CPT's and, boring B-1 and CPT so~u?ding CPT-1 were performed near the proposed wall site. 
The borii~g penetrited to a depth of 176 ft and CPT soulding penetrated to depth of 13 7 ft  below 
esistil~g grade wit11 a deepest penstration to an elevatioil of -176 ft. 

i.'oyy of ~lle as-built LOTB sheet prepared by LKR for the seisillic retrofit study is provided in 
,4ppentliu A .  

2.2 Supplerneiilal Field Exploration 

k geotecl~~ical fjeid illvesiigatioil was collducted by EM1 for the entire project between October 
and November, 2009 which included a total of eigl~t hollow-stem auger borings, 42 rotary wash 
borings c u l ~ c i  38 CP'T sounclings. Of that exploratioll prograln, tlxee l~ollow-stein auger borings, 
tlxee rotary wash boriilgs and tlwee CPT soundings were performed in the vicinity o f  Approacl~ 
Enlbanl<menl and Retaining Wall A l .  The purpose of the exploratiolls was to log subsurface 
conditions and collect soil samples from locatioils near the proposed wall and bridge support 
locations. Sol! er~:plorsltioi~ inforlnation is sw~unarized in Table 1. Approxiillate locatiol~s of the 
exploratinns perforilled by EM1 for this pro-ject are shown on Figwe 3. Upon coinpletioil, the 
exploration loca~ions were surveyed by Wagner Engiileering & Survey, Inc. (WES) under a 
subcoiltract with EMI. Log-of-Test-Boring (LOTBs) for the borings and CPTs used to 
c:haracterize the subs~u-face soil for the Retaining wall A1 are provided at the end of the text and 
Borlng/CPT logs ibr the boriilgs and CPT soundiilgs used to characterize the subsurface soil for 
the east s ~ d e  zl~~bankmel~i  are 17rovided in Appendix B. 

2.2.1 Soil Borings 

Ali of the borjligs surrounding tlie proposed enlbailklnent and wall were performed at grade in 
the uncle-qeloped area near the existing Sclluyler Heim Bridge. The deepest boring pelletrated 
down to about elevation -1 12 ft, approxiillately 120 ft below ground surface. 

liotsry boril~gs were perfolmed by C&L Drilling Co. (C&IJ) under a s~lbcontract with EMI, 
using a truc1;-mo?inted drill rig equipped with 5-in dialllzter tri-cone drill bit and a mud-rotary 
circulatiorl drill systenl. Auger borings were perforincd by 2R L)rilling Co. (2K), under t i  



subcontract with EMI, using a truck-mounted l~ollow-stem auger drill rig equipped with 5-inch 
diameter augers. Subsurface soils and coilditioils were logged and samples of soils were 
collected for lal~oratory testing. Large bull< samples of near-surface soils were logged and 
collected. Slllaller soil saillples were collected from boriilgs geilerally at 5 ft  vertical iil~ervals by 
means of thin wall Shelby tubes and split-spoon drive sa~llplers. Thin wall Shelby tubes (2.9 inch 
ID, 3.0 inch OD) were pushed illto soft soils to collect undisturbed samples. Split-spoon drive 
samplers; Standard Pelletration Test (SPT) sampler and the Modified Califorilia Drive (MCD) 
samples \\(ere used to collect disturbed and relatively uildisturbed samples, respectively. The 
MCD is a splil-banel sa~llpler with a tapered cutting tip and lined wit11 a series of 1 inch tall 
brass rings. The SPT sainpler (1.4 iilcli ID) and MCD saillpler (2.4 inch ID, 3.25 iilcll OD) were 
driven using a 140 pound l~ammer falling 30 inches down a total depth of 18 inches or ~ultil 
refusal. The blowco~~i~ts  for the last ft of pelletration were recorded on the boring logs. 

As part of' the field investigation, SPT hanmner energy nieasureiileilts were perforined by 
Eai-thSpectives (ES) uilder a subcoiltract wit11 EMI. Based on those measurements, the average 
l ~ m i l ~ e r  efficiency was 62 percent in the borings perfoillied by C&L, and 80 percent in the 
boriilgs perfori~ied by 2R. A copy of the ES report is provided in Appendix C. 

Boring geopl~ysical illeasureilleiits were also collected by GeoVision under a subcontract with 
EM1 in six uilcased borings as part of the project. Coii~pressioii (P) and shear (S) wave velocities 
were measured along the entire boring depth at the six selected boring locations. A copy of the 
GeoVision report is provided in Appendix D. 

TABLE 1 .  SOIL EXPLORATION INFORMATION 

Appl-ox. Approx. Bottom of 
Line Approx. Approx. Approx. Bol*iiig 

Station Offset (ft) GSE (ft) GWE Boring Elevation Metllod 
(ft) (ft) 

A-09-05 1 1 +64.8 128.1 Lt +5.7 -1.3 -45.8 HS 
......... .................................. ........-....-..... ....................... .... ............................................ 

3.t29.0 87.8 Lt +3.2 -5.3 -48.3 H S 
......... ..................................................... ......................... ....-............. ............... 

A-09-053 
-. 

2+86.8 88.7 Rt +6.0 -2.4 -45.5 HS 
................................ ...........-... ........ .................. .. 

R-09-00 1 - 4+56.8 73.6 Lt +2.4 NR -74.1 RW 
........ ............ ............. "A" . .. .... 

R-09-002 4+57.4 1 10.0 Rt +3.6 NR -72.9 RW Line .. . 

R-09-038 1 +89.2 80.3 Rt +8.8 +2.3 -1 11.7 RW 
.................................. . ..... ... 

CPT-09-093 1 +72.0 129.2 Lt +5.7 NR -105.2 CPT 
.......... . ................................... 

CPT-09-094 -- 3+35.2 89.1 Lt +3.2 NR -1 12.3 C PT 
......................................... - .. ...... ....................................... 

C PT-09-095 2+95.4 89.0 Rt +5.9 NR -1 04.3 CPT 

Nores: I .  Top of bori17g elevatiot~s based zq~on NA VD88. 
-7. GSE = Groztr7d Sl!rfofoce Eievation. 
3. C; WE = Gi.ozctidi~)rrter Elelmtion. 
4. HS= Hoilo~v-Stem Aziger; RW = Rotary Mfush, CPT = Cone Pet~etl.ation Test. 
j. NR = Nut Recorded. 



2.2.2 CPT Soundings 

The CPT soundings were also perfornled at grade in the ulldeveloped area near the existing 
Schuyler Heim Bridge. The deepest soullding was advanced down to elevation - 1 12.3 fi, 
approximately 11 5.5 fi below gro~md surface. 

Co~le Penetration Test (CPT) soundings were perforlned by hiddle Eartll Geo Testing, Inc. 
(Middle Earth) uilder a subcol~tract wit11 EMI, using an electronic cone penetrometer in gene]-31 
accordance with the curreilt ASTM Standards (ASTM D5778 and ASTM D3441). The CPT 
ecl~~ipinent consisted of a cone penetrometer asseinbly moullted at the end of a series of hollo~v 
sounding rods. The colle pelletroineter assembly collsisted of a coilical tip with a 60" apex angle 
and a lxo-ixcred cross sectio:~al area of 1.55 in"110 CIII*) and a cyliildrical friction sleeve with a 
surface area of 23.25 in' (1 50 c~n'). The i~lterior of the cone peiletronleter is illstrullleilted with 
st rail^ gauges that allow sinlultaileous measureinents of cone tip and friction sleeve resistance 
during penetration. T11e cone peiletrollleter asselnbly is contiiluously pushed into the soil by a set 
of hydraulic rains at a standard rate of 0.79 illch per second (20 lnln per second) while the cone 
tip resistailce aid sleeve friction resistance are recorded every 1.967 iilclzes (50 mm) and stored 
in digital fonn. A specially designed all wheel drive 25-ton truck provides the required reaction 
weight foi pushing the cone asse~nbly and is also used to transpoi-t and house the test equipment. 
The coillputer galerated gl-aphical logs include cone resistance, friction resistance, and frictioi~ 
ratio. Soil bel~avior type interpretations are based on guideliiles by Robei-tsoil and Canlpailella 
(1 9893. 

2-3 1,aboratop-y Testing 

Labolatory tests were performed to determine relevant pl~ysical characteristics and ellgilleeriilg 
1)'-operlies of the in-situ soils at the site. Selected soil sainples were tested to deterlni~le soil type 
and othel- physjcal and engii~eerii~g propel-ties. A list of tests perforlned, the coi-respoildiilg test 
methods, and purpose of testing is presented in Table 2. 

The laboratory soil tests were conducted in general accordance with California Test (CT) 
il~etl~ocls or Anlericail Society for Testing and Materials (ASTM) standards. The distributioll of 
1abo1,atory tests is shown 011 the LOTB sheets at the end of the report and test results aTe given in 
PLppendix E. 



TABLV, 2. EXPLANATION OF LABORATORY TESTS PERFORMED 

! Applicable T'est 
Type of Test ; Method 

Pu t-pose 

! No. 200 Wash ASTM D 1140 i Determine the percentage of fine-grained pal-ticles of soil 
j 

M D 422 / Determine particle size distribution of soil 
i _ i... .- . ............................................................. ................................. 

M D 43 1 S / Determine plasticity of fine-.grained soil 

i i... .... Specific ... 
Gravity ASTM D 854 ! Determine specific gravity of soil grains 

........ - ..... .- .- - . '--- ..... 
Consolidation I ASTM D 2435 / Determine compressibility of fine-grained s 

UU Triaxial / ASTM D 2850 1 Estimate strength parameters of fine-grained soil 
CT216 / Determine maximu 

' .. .. . ...... 
CT 301 I Determine R-value 

CT 643 I Determine pH of soil for con-osion potential evaluation Soil DH 
43 1 Determine resistivity of soil for corrosion potenti ... .- ............................... 

17 I Determine sulfate in soil for col-rosion potential e 

CT 422 ' Determine chloride in soil for corrosion potential evaluation I Chloride Co!~Lent 

/ No/es: i. ,4b3TAil = Ail1ericcrr7 Society for Testiiig arid Mot,nrials. 
2. ~ ' 7 '  = Cni{forbr.,iia Tcst A4etliod. 





3.0 GEOLOGY 

711e Schuyler Heim Bridge spans tlie Cerritos Channel in the Pol? of Long Beacli. Like most of 
the sliil3pi ng channels w-ithill the poi?, tlle Cel-ritos channel is a man-made channel that was 
dredged into the fornler Wilillington Lagoon wllicl~ was a coastal marshland with abulldant tidal 
channels, estuaries: aud snlall marshy islands. The site area is in the coastal area of San Pedro 
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain 
bordered by the Santa Moiiica Mountains on the north, the Repetto aild Puente Hills 017 the 
northeast, the Santa Aua Mountains on the east, and tlle San Joaquin Hills on the soul11 (Figure 
4). The wester11 nlargin of the basin is open to the Pacific Ocean except for one pronlil1eilt hill, 
t l~e  Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the nol-tll from San 
Pedro Ray. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone 
(Schell, 2007). 

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along 
the coastline to the s~~rro~i ld ing inountains wllicll illen rise abruptly to a few thousand feet above 
tlie plain. The margins of the hills and mountains surrounding the basin are conlnlonly elevated 
somewliat above the general level of these nlajor plains by an apron of ~lplifted sediments such as 
tlie La Erea Plai12, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills. 

Tlie ilat basin floor of the Los Azgeles basin is interrupted in a few localities by snlall hills such 
as the 11ort1~;;~esterly aligllnleilt of hills and nlesas called the Newport-Inglewood Structural 
Zone-NISZ (Figure 4). The NISZ extends fro111 the Newpoi? Bay area on the south to the Beverly 
tliils on :he nc-)~-tll, and is a result of geologically recent folding and eai-thqual<e fault 
disl>lacelnents. The NlSZ divides the basin floor into two inajor plains, The Downey-Tustin 
Plalii on lhz norllieast and the Toil-ance plaiil (includil~g the Long Beach Plain) 011 the southwest. 
The part of tlie N1SZ lrearest tlle site is at Signal Hill to tlie noi-tlleast (Figure 5 ) .  

Major Rivers in tlle I,os Angeles basin are the Los Angeies, Sail Gabriel, and Sailta Ails Rivers. 
These rivers enter the basin througl~ valleys or canyons in tlie s~urounding mountains such as Los 
Angeles Narrows, Whittier Narrows, and Sailta Ana Canyon, and flow southerly across the basin 
floor, through gaps ill the NISZ, to the coast. At present these rivers along with nearly all nlinor 
iribuia~ies in the Basin are confined within concrete-or rip-rap-lined cl~aill-~els but in the natural 
state they nieandereci back and forth across the Basin floor, coinmonly shifting outlets. For 
exanqde, the Los Aligeles River at onc time flowed westerly into Santa Monica Bay through 
Rallona gap and the San Gabriel River flowed into VJilniington Lagoon wllich is now occupied 
by the Poll of Los Angeles. At prese~~t, the Los Angeles River flows to the POIT of 1,oilg Beach- 
Los A1:geies area. 

The flow of tllc I,os Angeles Basill is directly u~lderiain by uiicol~solidated Quatelnary-age sandy 
sedimen!s. l'llese generally ca l  be subdivided into loose unconsolidated Holocene-age sedjments 
which cover the bulk of the basin, and the under~~~lng  Pleistocene-age materials of the Ealcewoocl 
and Snn l'edi-il formetions which are only exposed in soniz of the uplifts of the NISZ and the 
rnargiilnl p l ~ i i ~ ~ .  Hard rocks occur only il; the mountains sunounding tlic basin and at depths 
rangicp frcin il few !I~ousand fect tit as 1xt1~1.: as 30,000 feet ill Ihc deepest part af the central I,os 
Augclcs Basin. 



Except fclr the Newpol-t-lnglewood and the Paios Verdes fa~llt irolies, iliost surface geological 
fa~i!t: s ~ ~ c l l  ns t l~e  Sauta Monica, Hollywood, a11d Wllitties faults occur along the basin margins 
(F'igurc 4). 111 Addition to these kllowr~ surface fiults. the Los Angeles region is rlndeslain by 
buiied thrust and reverse faults. These are poorly understood features with poorly lu~ovciil 
locarioi~s a~id orientations. I'ile Los Angeles, Santa Fe Springs, and Coyote I-iills fauits which 
nlalte up the Pueiite Hills blind tlxust fault system, are examples (Figme 4). However, any large 
e;l::l~cjuakes associated with these subsurface features are most likely to originate at ggrat clepths 
(e.g. abol~t 10 to I:! miles), and thus these should not impact the silbject site significantly inore 
fhai7 sj111ilar-sized eai-thquskes on tlie nearer Newpoi-t Illglewood or Palos Verdes faults. The 
IC)1'7 Whittici- eai?hqualte occru-sed on one of lliese subsurface faults (either the Sailla Fe Spiings 
or t17c Coyote I-Illls faults) dipping noi-therly mlder th:: Repetto-Puente hills a~ld  t l~e  San Gabriel 
Valleji 11ol.tlleast of the site. The 1994 Nortlu-idge eai-thyualte occurred on a southerly dipping 
Is~rnccl j ' d ~ ~ l l  below the Sail Feriiando Valley. 

3.2 Stratigraphy 

The project are;?. js ullderlaill by a sequence of geologic strata consisteilt with the general 
stratigraphy of the 1,os Angeles Basin. Table 3 is a regional stratigraphic and correlation chart 
showing the uppel. part of the stratigraphic sequence ill tlie poi-ts of Long Beacll and Los Ailgeles - 

an:a. Review of the borehole logs drilled fdr this project, along with existing boring logs from 
ctthe~ geotecluucal studies and fro~n published soarces (e.g. Zielbauer, et al., 1962; Wrigl~t 1991; 
U .S. Geoiogicai Survey, 20U7; Schell, 2007j, indicates siiililar strata. 

'1-lie L I ~ ~ ~ ~ X J X O S ~  d~posits oFi~lost significance to the project were deposited during the last ice age 
z d  the period direcily thereafier, I.e. the past 15,000-20,000 years or so. The rise i n  sea level 
was not colista~li bcit coinprised several fll~ctuatioizs. Iiiteraction between the fluctuatiilg sea level 
and sedimei1iary deposiiion fi-0111 inland streams resulted in a coniplex association of irregular 
dl~d i f t~~on t in~ io i i~  beds and lenses of inariile and nou-niarii~e sedilneiltary strata. Tlle major 
stratigraphic units ~znderlying the project corridor axe sunimavized below: 

1 )  'Ule silrficial strata corlsist of sandy alluviunl deposited by streams of the L,os Angeles 
R i ~ e r  system flowing into the coastal marsh, near-shore-marine, and beach deposits along 
!he coast during the past few thousaild years (- past 5,000 to 7,000 years). These are 
about 20 lo 30 feet thick. 

3) 'The surficial strata overlie early Holocene-age transgressive marine silts and clays 
ciz17osired Srtween aboul 4,500-7,500 yeass ago to &out 10,000 years ago. These deposits 
occut- at ddr.ptlls of about 25 *5 to 70 f ;10 feet and represellt priinarily marine sedinleilts 
clep~shed dc:rinz !il:: later stages of the 1~0sa recent rise in sea level that began about 
15,C)OG lo ?.0,0(10 years age. However, these deposits commonly contai~l sand a d  fine 
g~avcl lenses deposited by- sseasonai river flooding d~u-ing interinitlent wetter periods a id  
storms inland. 

3) T1:~sc are ~mderlain by the G:-lspur Foli~?-ti011 which Is coarser grained snnd znd grzvel 
material drlpositcd in a relict cha~me! of the Los rlngeles River that was cut urilec se 
ievc! wr?s lower ciming the l2sl ice ag2. As the climate \~rari~~ed,  sea le\el rose iiue to 
meltiag ICF; zt the Polar ice caps slid th~: s l i~ re  liiie retreated irilmd. Tlie G3sl31:r is abo~!t 
70 +1Ct fez?, to about 190 iiet deep a d  consists of an upper prii~arily snnay u:lit acd a 



deeper coarser sand and gravel unit. 'T11e gravels ofthe Gaspur challl~el extend far inland 
alld colllprlse a major aquifer in the I,os Angeles area. 

4) The Gaspur channel u-as cut illto older Pleistocene lllaterial of the Lakewood Formatian 
~~~Iihich is about 160 to 300 tl~ousand yeass old. The Lakewood is partially ~narine and 
partially lioll marine that was deposited during previous Pleistocelle ice ages. Lahewood 
sedi~llellts were inter~~~ittently exposed to s~zrficial weathering resulti~lg in desiccation, 
oxidation, and soil-profile developmeizt. At the site, the Lakewood is about i 90 feet to 
about 750-300 feet deep and overlies the Pleistocene-age, inasiile San Pedro Foi-ination. 

5) The S~I I  Pedro Fortnation extends to about 1100 A50 feet depth alld colllprises gently 
tilted marille silrs and sands ovel-lying the folded Tel-tiary-age lllarille deposits (Pico, 
Kepetto, Fernando forlr~ations), and the ancient igneous and meta~~~orphic basement rocks 
at a depth of about 10,000 feet. 

TABLE 3. STRATIGRAPHY AND CORRELATION CHART, LONG BEACH AREA 

Zielbauer CA Dept. of 
Geologic Sequence Water Formation (USGS, 2007) Age Estimate and oti~el-s 

Series (1 962) 
Resources 

(1961) 
Dune/Beach Sand, 

Coastal Marsh, 
!-lolocene Transgressive Marine, Dominguez <15 Ita Gaspur Gaspur 

Stream 

-- A1!11vi uni 

Older Dune Sand, 
Stream Alluviun~, Near- 

shore Marine, 
l , a i i e ~ ~ ~ d  Fm (Marine 

and Non Marine) 

Latest Pleistocene 
Mesa 

(-30-80 I<a) 
Early 0 stage 5 

Pacific 
11 10-130 ]<a) 

Constrained between 
Harbor 0 stage 5 and 9 

(-1 60-300 lta) 

200 Ft sand Gage 

0 stage 9-1 1 
Bent Spring 

(-300-450 ka) -. 400 ft gravel Lynwood 
Upper 0 stage 12-14 

Wilmington (-475-580 Ita) .. 
...................................... 

Lower 0 stage 15- 17+ 

Lower Sari Pedro Fonnatinr: Wilmington . (-580-<780 ka) 

131eistocene -2.G Ma or >2.6 Ma Upper 
from magnetic Silverado 

Pliocene A 
polarity and Silverado 
paleontology 
.-.- ......... 

-2.0 Ma or >2.6 Mz 
from magnetic Lower 

Pliocene B 
polarity and Silverado 

-- paleontology 

>2.6 Ma fro111 
Llpper PicolFel-nzndo Pliocene C' magnetic polariry and Pico Pico 

Pliocene Fonnatior, 
------ - paleontology 



Units 1 through 3 were penetrated by many of the deeper on-land borings drilled for this 
investigation. Most of tile recovered gravel and the sandy gravel/gravelly sand samples are from 
t l~e Gaspus Forn~ation. Tlle over-water borillgs generally penetrated deeper and extended through 
the Gaspur into the upper part of the Laltewood Fornlation. Otller units of the stratigraphic 
succession (e.g. the Mesa and Pacific parts of the Lalcewood Forn~ation) are present in areas 
adjacent to the project area but were eroded away by the erosion that acconlpailied deposition of 
the Gaspur sediments and therefore are not impoi-tant to the project. Likewise, the San Pedro 
formation is deep below the site and is not important to the project. 

3.3 Geologic Structure 

The regional geological struct~n-e was iiltroduced above in the geological Setting. The project 
area is near the crest of the Wilnliilgton Anticlille (Figure 5) whicll is a west-northwest trending 
fold in the Tertiary-age strata (Figure 6). As sllown on Figure 6, the Holocene and late 
Pleistocene strata (Laltewood Forination) for111 a thin veneer across the Wilmington fold and 
appear to be unaffected by tlle deeper folding and fa~llting. 

There are no lu~own active fa~llts at the project site. The nearest major active faults are tlle Palos 
Verdes f a ~ ~ i i  to the soutl~wcst and the Newport-Inglewood (Cherry Hill segment) to the northeast 
(Figures 5 and 6). The 'T~IL~IIIS-Huntington Beach fault is deep below the surface (Figure 6). This 
fal~lt is a thrust fault dipping noi-theasterly at about 25-35 degrees. Sonle geoscientists suspect the 
fault is a potelltially active blind tlu-ust fa~rlt but high-I-esolution geophysical data clearly show 
the fault does not displace sediments younger tllan 3 or 4 nlillion years old (Schell, 2007). 
Furtlienl~ore, the i j ~ z l t  displacement dinlinishes toward the noi-thwest and is virtually nil under 
the project area (Figures 5 and 6). 

3.4 Seismicity 

The project site is in seismically active southern California. The present-day seisi~~otectonic 
stress jield ii l  the: Los AngeIes region is one of north-noi-theasterly compression. This i s  indicated 
by the geologic structures, by earthquake focal-mecl~anis sol~~tions, and by geodetic 
measuremeuts. Tllese data suggest crustal shortening of between 5 and 9 mmlyr across the 
greater Los A~lgeies area (Argus et al., 1999). 

I-Iistorical eartl~quake epicenter maps show widespread seismicity throughout the region. The 
larger eartl~qualtes are shown on Figure 7. Earthquakes in the region occur prinlarily as loose 
clusters aiollg the Newport-Inglewood Structmal Zone, along the southern margin o f  the Santa 
Monica hlountains, along the noi-them side of the San Fernando Valley, the southern nlargiil of 
the San Gab-ie! h/lountains, and in the Coyote Hills-Puente Hills area. Althougli historical 
ea~thqualtes have occurred in proximity to lu~o~wn faults, they are often difficult t o  directly 
associate wit11 mhpped faults unless there was a surface rupture or a robust sequence of 
aftershoclcs. Ward (1994) estimated that about 40 percent of seismic nionle~lt can not be 
correlated wit11 known faults. Part of the con-elation diffic~llty is due to the fact that the  basill is 
underlail~ by the subsulrface blind thrust faults that are not likely to be discovered until they 
1.~1l't~ire duriixg an earthqnalte . 



The l~lrgcst l~istorical earthqualtes in the region were the 1994 Nortl~ridge and the 1971 San 
Fcrnnndo carthqualte both of which occurred north of tlie Los Ailgeles Rasin (Figure 7). The 
1994 enrthqualte had a momeit illagllitude (MW) of about 6.7 (MS == 6.8, ML = 6.4). and 
occurred on a soutlierly dipping subsurface fault which was ui~lulovin prior to the earthqualte. 
The main shock occurred a1 a depth of about 12 llliles below the coillinuility of Reseda in the Sall 
Fernando Valley. Eai-thquake aftershoclts clearly defined the rupture surface dipping about 35 
degrees southerly from a depth of about 1 or 2 iniles to 14 miles (Haultsson, 1995). The 
causative f a ~ ~ l t  was never identified with cei-tainty, but it may have been on the eastern exteilsioll 
of the Oalcridge fault (Yeats aild Huftile, 1995), a southerly dipping fault bounding the Ventura 
Basin and dipping under the Santa Susaila Mounlains. 

The 1971 Sail Ferilando ea-tl~quake was of silnilar size (MW = 6.7, MS = 6.4, ML = 6.4) to the 
1994 event but did involve surface ruptiire. The 1971 event occurred on a noi-therly dipping 
t h ~ i s t  fnulr tllat dips fro111 the northem side of the San Fenlaindo Valley to a depth o f  about 9 
miles under the S a l  Gabriel Moru~tains. Several mapped surface faults such as the Sylmar fault, 
Tujunga fault, and Lalteview fault were involved. These faults are commonly collsidered to be 
part of the Sierra Madre fault system which extends easterly along the southeri~ illai-gill of the 
Sa11 Gabriel Moulltaii~s from the San Ferilaildo Valley to the noi-th side of the San Gabriel 
Valley, and lo tlle Cucailloilga fault in the Sail Berilardiilo area. 

Thc largest llistorical earthqualte in the Los Angeles region to have a inajor iillpact o n  the site 
area \?ias the 1933 Long Beach event wfiicl~ had a illagilitude of about MW = 6.4 (ML = 6.3). 
This earll~quake did not rupture the smface but is believed to have been associated with the 
New~?or~--'I~~giewood Structural Zone because of the distribution of aftershoclts and the 
al~undal~ce of g~.ound distul-bailces in proximity to the fault zone (Figure 7). Altl~ough grouild 
tjil~lres \were abundallt along the NISZ trend, no uilequivocal surface rupture was identified 
(Benioff, 1938). Reevaluatioil of the seismicity data by Haultssoll and Gross (1991) led to 
relocation of the 1933 easthquaite hypocenter to a depth of about 6 miles below the Huntii~gton 
Beach-Newpori Beach city boundary. 

7'112 1987 Whittier eai-thqualte (ML = 5.9, MW = 5.9) occui~ed on subsurface faults dipping 
lui~clei the Pueilte Hills to about 10 iniles beneath the Sari Gabriel Basin (Shaw and Shearer, 
1999; Shaw et al., 2002). This zone of faults is referred to as the Pueilte Hills blind t lv~lst  fault 
system (Figure 4). This event did not rupture the groui~d surface. 

Allother s~gnif~cailt eai-thquake in the L,os ,411geles region was the 18 12 earthquake w l ~ i c l ~  caused 
dalllag~ at tlle Sail Juan Capistrano Mission. The locatioil and inagi~itude of the 18 12 carthqualte 
are u:~known because of the sparse population at the time, but geological studies (Jacoby et al., 
1988: Weldo:~ t.t a'i., 2004) postulated that it did not occur in the Los Ailgeles Basin area, but 
raf11ci-, \vas a large (M> 7.0) disiilnt event 011 the S ~ I  Aildreas fault in the Wrightwood arca of the 
Sail (3al:riei ~Mon~ltains. 

The eariiest documeilted earthquake in the region was reported by the Spanish Portola' 
ewpeditioil as they camped near the Sailta Aila River in 1769. This event has been attributed by 
various geoscjelltists to just ahofit every fau!t in the Los Ailgeles area but it could just as well 
hnve bcen a distant event that shook a wide area as did the 1971 Sail Fenlando, the 1987 
\$71~ittj~r, and the 1994 Nortlvidge evei~ts, as \,veil as many other more-distant events (for 
e x a ~ ~ ~ p l e ,  the 1 8 12 or 1992 Landers eveiits). 



3.5 Geologic Hazards 

3.5.11 Surface Fault Rupture 

No surficial faults are lulown at the site, therefore the potential for gro~uld rupture due to  faulting 
is negligible. The nearest inajor f a ~ ~ l t s  with a h1owii potential for surface rupture are tlie 
Newport-Inglewood zone to the nol-theast and the Palos Verdes Hill fault to the southwest 
(Figures 4. 5, and 6). 

Tile ground surface in the Long Reach Harbor area has undergo~~e su~bstantial lowering during 
111e 20th centulry due to s~~bsidence of the sediments and rocks underlyiilg the area. Soine of this 
subsideilce inay have been due to natural causes (e.g. natural ground-water decline, sediineilt 
coi~npaction, tectonics, 1933 Long Beach earthquake). Harris (1 945) estiiilated natural subsidence 
of about half a1 inch per year. The priiicipal cause of the subsideilce has been attributed to 
withdrawal of oil and gas (Allen, 1984; Strelile, 1987), but ground-water extractioil ui~doubtedly 
contributed, perhaps feet out of the 29 feet (7%), to the total subsidence. 

Subsidence accelerated with development of the Wiliningtoil oil field in 1936. The area of 
subsidence fonns a circular or bowl-shaped asea centered on tlie noi-theast corner o f  Termiilal 
lsland (Figure 8A). The maximum subsidence in the center of the subsideiice bowl i s  about 29 
feet. Subsidence along the I-Ieim Bridge project coil-idor in the western part of the subsidence 
bowl was about 14 feet (Figure 8A). The inaxiinuin rate of s~lbsidence reached about 2.4 feet per 
year by 1951. The subsidence was so great that dikes had to be built witllin the harbor area to 
preveni floodii7g by sea water. Sonle of tlle subsided areas behind the diltes have receiltly been 
filled bsingiiig the ground surface back to above sea level (- +15 feet). 

Subsidence was ail-ested by restoriilg pressure to the oil zones tlxough iiijection of water into the 
oii wells. This has not only stopped subsidence but has resulted in some rebound, and also has 
been of economic benefit by driving lilore oil to tlie produciilg wells. Initial iiijection began in 
1953 but was not f~ll!y established until about 1958; by 1961 injection was w-idespread. 
Cessation of subsidence occwred within a couple years. Elevation rebound was noticed ill 1958 
and reached a maximum by about 1964 with only minor fluctuations since. Maximuin elevatioil 
rebouild has ljeeil about 1.6 feet along Anaheim Street, and at the Heill1 bridge about 1.2 feet 
(Figuie 813). 

The subside~lce did not cause significant damage to most surface facilities but it did damage oil 
w ~ l l s  zt about 1,500-2,000 feet depth, and iilduced several sillall eastl~qualtes. 111 all, about 500 
wells were damaged. Soine of the oil well casings were sheared off or so severely damaged that 
the welis had to be abandoned and redrilled. 

I\flatl~ematical calculations indicate that up to 66 feet of subsideiice could occur if allowed to 
~ontinue ~u~checlced. To prevent alld control hl-thcr subsidence, ir~jeciion ili~lst be nlaintailied 
even after cessation of iluid withdrawals. The City of Long Beach Gas and Oil Department 



(LBGOD) surveys elevation challges twice a year, and lnonitors oil field fluid injection designed 
to correct elevatioll changes. T11e LBGOD estilnates survey accuracy of about 0.24 inchcs; areas 
are considered to be stable if elevatioil changes ase less than Illat (LBGOD, 2009). Bei~ch lllarlts 
rise and fall in a somewhat raildom manner that is not coinpletely uilderstood but ill-jections do 
seen1 to corsect elevation changes. The correlatioil between illjectioll and elevatioil rebound 
appears to be good, but it nlay talte a few montl~s to a year or so to be fillly realized. 

There are 3 "index" bench 11larlts near the Heim Bridge; one at the noi-th abutinent and two nlore 
a little farther to the north. Several other bencl~ inarlts are scattered around the bridge area. Based 
on ~neasurelnents of these benchmarlts, it appears that subsidence of the Heiin Bridge area has 
resumed since 1995 and total subsidence of about 2 feet has beell observed in the Heill1 Bridge 
area since 1995. During the recent years, the anilual subsidence rate seeins to have decreased; 
Measurelliellts were approximately 0.6 in. during the period between May 2007 and April 2008 
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009). 

3.5.3 Flooding 

'The flood inundation nlap ic the Los Angeles Couulty safety elenlent of the General Plan ( 1  990) 
indicates there is a flooding potential at the project site from failure of Hailsen Dam which is in 
the Sail Fernando Valley. However, the reservoir volume, even in the extremely rase case of 
when it is hl l ,  is quite s~nall and it is difficult to imagine that a significant flood surge could be 
maintai~led across the flat open tell-ain for the 30 + miles across the Sail Fenlaildo Valley and 
Los kngeles Basin; therefore, the potential for flooding of the site is considered low. 

3.5.4 Tsunami and Seiclre 

Tsunalnis are sea waves generated by suibmarine earthquakes, landslides, and volcallic eruptions. 
Seiclies are waves inteixal to an enclosed or highly restricted body of water that wash back and 
forth across the basin. Sinaller tsunainis may be coinlnoil but their run-ups are no Inore than 
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunalnis 
are caused by subinarine eartllqualtes with a magnitude of about 7 or larger. 

Most ts~ullamis to affect the Los Angeles-Long Beach llarbor areas have been generated by 
distant eai-thqualtes althnugl~ California has had few locally generated, historic tsunaniis, nanlely 
the 1 8 12 Santa Barbara earthqualte and the 1927 Point Argue110 earthquake. According to 
I-Iouston (1 979), the Los Angeles Harbor is within Tsuilan~i Zone 2 (out of 5 zones with 5 being 
tlie V,TOSS[) indlcatillg a potential for water run-ups of 5 to 15 feet. 

Cal~foriin llas beell struck by several other sigilificant tsunanjs generated in the northem Pacific 
(-lor example. the 1946 Aleutian eaiqhqualte of Mw = 7.8 and 1964 Alaslta event of Mw = 9.2); 
and in the soutlielll Pacific (1922 Chile eai-tllquake oCMw = 8.4 and the 1960 Chile event of Mw 
= 9.5). The 3964 Alaslta eai-tllquake caused severe damage and 15 fatalities i n  ~lortllenl 
California. 111 southern California, the lnost serious recorded tsunaini was generated b y  the 1960 
Chile earthquake. The greatzst damage occui-red in the Long Beach-Los Angeles Harbor where 
5-foot-lligll seiche waves surged back and forth in the cl~almels. Cui-rents of 12 lulots were 
repoi-ted as the water rose and fell rapidly. A 6-foot drop in water level occurred in 1 minute at 



Long Beach and 3 foot drop in 5 illiilutes along the Cerritos Channel. The curreilts tore sollle 300 
sillall boats and yacl~ts from the slips and as many as 30 were sunk. Damage was estimated at 
between $500,000 to over $1,000,000. 

A compsel~ensive tsuilailli ailalysis for the ports of Long Beach and Los Ailgeles by Moffat & 
Nichol (2007) basically coilfirmed the tsunami l-lazard from distant events. The analysis included 
tsunail~is generated by local sources such an easthqualtes in the nearby offshore Southern 
Califolnia Collti~le~llal Borderland, and by laildslides off the Palos Verdes shelf. No tsunamis 
have been documeilted from such local events during historical times. 'These events are 
eske~nely rare wit11 recurreilce iiltervals up to about 10,000 years. The results of the allalysis 
indicate th3t the maximum water level withill the Cerritos cl~aiulel near Heill1 bridge could be as 
high as about I I ket. Current speeds sl~ould be less than about 3 ftlsec. 





-- 
, IF Earth Mechanics, lnc. 

ACTA SCHUYLER HEIM B RIDGE 
-@&~!.,#,l# 

Gcotechnicnl 2nd Enrthql~slce Engineering -- 
REPLACEMENT PROJECT 

-- 
Structural Geology Map, Long B e a c h  Harbor 

Project No. 06-123 / Date: 2-08-10 1 Figure 



APPROXIMATE 
PROJECTED LOCATION 
OF PROJECT CORRIDOR 

A. GEOLOGIC CROSS SECTION A THROUGH EASTERN PORT OF LONG BEACH 

Notes 1) See Figure 5 For Location Of Cross Section Lines 

2) Source: Schell, 2007 



Source: Modified from Hauksson, 1995 



0C.L. 1I llLll 

'A' 5b A. TOTAL SUBSIDENCE (IN FEET) 
, . , . , ... . . . . : :::.,:,,:* noovcrlvr &tuns. 

Total subsidence, in feet. Wilmington oil field. 1926 through 1967. 



4.0 SUBSURFACE CONDITIONS 

4.1 Subsurface Conditions 

Soil stratigraphy is defined by the available soils infomatioi~ and the exploratory borings and 
CPT souildiilgs (described in Section 2) perforined ulilder the s~~pervision of EM1 personnel for 
the pro-ject. Within the depths explored (down to about elevatioil -1 12 fi), the subsurface profile 
coilsists of about 75 fi of interlayered alluvial deposits overlying Gaspur Formation sand. 

At the sulject site, natural grade lies at an elevatioil of about 3 ft, with a few feet of iinport f i l l  
for the esisting approach einbaillinent to Sclluyler Heill1 Bridge extellding to a i l~as i i l~~ i l l  
elevatioll of about +18 ft near the nortl~eill end of the proposed wall. The near surface deposits 
consist of silty sand and sandy silt between natural grade and about elevation -25 ft. The near 
surface deposits are underlain by a thick strata of inter-layered soft to stiff clay, silt, sandy silt, 
and loose to mediuin dense silty sand down to about elevation -70 ft. Below elevatioil -70 ft, lies 
the Gaspur Forlnatioll w11ich consists of dense to veiy dense sand and silty sand witllin the 
depths explored. 

It should be noted that the above soil description is general and is intended to describe the 
subsurface in very broad terms. The soil descriptions above sl~ould not be construed to nleail that 
the subsurface profile is ~u~iforin and that soil is hoinogeileous witllin the project area. For details 
on tlie stratigraphy at each borehole location, refer to the LOTB and Log of Boring sheets. 

4.2 Groundwater Conditions 

During the EM1 investigatioi~ in 2009, grouildwater was recorded in four of the borings 
performed near the proposed approacl~ einbanltment and wall, between elevation t2.3 ft and 
-5.3 li .  The elevation that groundwater was encountered in each boring is listed ill Table 2 and 
also on LOTBILog of Boring sheets attached with this report. However, due to the proximity of 
the site to tlie Cerritos Channel, where the water elevation is dictated by tidal fluctuations, highe~. 
ground~vater elevations tllan those encountered during tlle field iilvestigation are liltely. 

Based on the observed high water elevation for the Cerritos Cl~aimel, the design groundwater 
was placed conservatively at elevation +5 fi or tlle ground surface in locations where finisl~ed 
grade is proposed to be below elevation +5 ft. 

4.3 Idealized Soil Profile 

Based on infonil~ation collected from borings A-09-05 1, A-09-052, A-09-053, R-09-001, 
R-09-02, R-09-038 and CPT soundings CPT-09-093, CPT-09-094 and CPT-09-095 three 
separate sections of idealized soil profiles for foundation analysis and design were developed 
(A-A' for Abutinent 1, B-By for East Embaidu11ent and C-C' for Wall A l ,  See Figure 3). The 
subsurface profiles beneath the proposed structures are sl~own in Figures 9 tlu-ough I I .  The soil 
profiles and design strengtll parameters are presented below in Table 4. 



TABLE 4. IDEALIZED SOIL PROFILE AND PARAMETERS 

SECTION A-A' (FROM STA 3+75 TO 4+27) 
-- 

Appro\. Elev. (ft) Predominant Soil Type 
Total Unit Cohesioll Friction 

Weight 
(I b/ft2) 

Angle 
(I b/ft3) (degree) 

-t30 to Grade Silty Sand (assumed embankmelit fill) 120 200 32 

t / Silt with Sand 120 3, 
... 

Sand / Sand with Silt / Silty Sand 125 0 3 8 

SECTION B-B' (FROM STA 1+00 TO 3+75, EAST SIDE) 

Total Unit Cohesion Friction 
Approx. Elev. (ft) Predominant Soil Type Weight (lb/ft2) 

Angle 
(lb/ft3) (degree) 

- -- -- -- 

+20 to Grade Silty Sand (assumed embankment fill) 120 200 32 

GI-adr to -5.0 Silty Sand 120 100 3 4 

-5.0 to -25.0 Sand / Sand with Silt / Silty Sand 120 100 3 0 
.... . .. .. , - . , ... . . .... ...... .... . ... -, .. ..., ,... .. . . . 

-25.0 to -35.0 Sandv Silt / Silt / Lean Clav i Fat Clav 120 700 0 

-.35.C! to -48.0 Clayey Silt I Silt / Sandy Silt 120 1,750 0 

-48.1) to -72.C Silt / Sandy Silt / Silty Sand 120 100 

-75.0 10 - llO.0 Sand / Sand with Silt / Silty Sand 125 0 3 8 

SECTION C-C' (FROM STA l+00 TO 3+75, WEST SIDE) 

Approx. Elev. (ft) 
Total Unit Cohesion FI-iction 

Predominant Soil Type Weight 
(I b/ft2) 

Angle 
(I b/ft3) (degree) 

+20 to Grade Silty Sand (assumed embank~nent fill) 120 200 32 

Grade to -5.0 Silty Sand 120 100 34 

-5.0 to -22.0 Sand i Sand with Silt / Silty Sand 120 I00 

-22.0 to -40.0 Sandy Silt / Silt / Lean Clay 120 1,250 0 

-40.0 to -50.0 Silt / Sandy Silt / Silty Sand 120 100 3 2 

-50.0 to -70.0 Sill / Sandv Silt i Siltv Sand 120 100 3 4 

-70.0 to -1  10.0 Sand / Sand with Silt / Silty Sand 125 0 3 8 
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5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Seismic Evaluation 

As part of EMI's scope of work for the Schuyler Heim Bridge (Replace) project, a ground 
lnotion study was performed in accordance to wit11 the 2009 Caltrans Seismic Design Criteria 
(Caltrans, 2009). Due to the weak near surface deposits encountered throughout the project area. 
a site response analysis was performed to develop the design acceleration response spectra. 

As described ill Section 2, down-hole shear wave velocity measurements were taken in six of the 
rotary wash borings perforined along the n~ainline bridge aligiunent. Shear wave velocity 
profiles w e e  generated for the upper 30 meters (100 ft) of the soil profile and input into the 
program SHAKE91 along wit11 the seven sets of spectrum conlpatible time histories to develop a 
sitc specific ARS spectrum. The design ARS spect~un~ was generated by enveloping the mean 
plus one standard deviation surface gro~uld accelerations fro111 the SHAKE analysis. Details of 
the site specific gound inlotion study are sun~nlarized in a ine1nora11d~1111 prepared by E M ,  which 
is included in Appendix F. 

The site response analysis, perfoimed in accordance with the 2009 SDC, results in a peak ground 
a c c ~ l ~ r a t i o ~  (PGA) cf 0.58 for t l~e  site. Liquefaction potential and seisinic settlement analysis 
were periori~ied using a PGA of 0.5g resulting from a magnitude 7.0 event. Pseudo-static global 
stabilir y analyses were perfgrmed using a seisinic coefficient of 0.17 equal to one-third the PGA 
in accordailce wit11 Caltrans guidelines (Caltrans, 2006e). 

Ground Rupture: No known active surface faults traverse the project area. The California -- - - 
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the 
proximity of the site. 'Therefore, the risk of ground surface r~~p tu re  and related hazards is 
considered low. 

5.2 Soil Liquefactiorl Potential and Seismically-Induced Settlement 

The liquefaction potential of the saturated, granular materials below the water table was 
evaluated 11siilg tlle procedures outlined by Seed et al. (1 983) and updated by NCEER (1997) and 
Youd ei al. (2001). For liquefaction potential evaluatioil of clayey soils, the procedure outlined in 
Boulangrr aild Idriss (2006) was used. The seismically-induced soil settlenlent was estiinated 
using the pi.ocedu~es outlined by Tokimatsu and Seed (1987). As discussed in Section 4.2, the 
iiesigl! groundwater was assumed to be at the lower of elevation +5 ft or the ground surface for 
the liq~~efaction patential evaluation. 

layers. l~ocliets and lenses of saturated coarse-grained alluvial deposits above the approximate 
elevation -30 ft are expected to be susceptible to liquefaction. Seismically induced-settlements 
up to 9 inches are anticipated. The elevations of the potentially liquefiable material and the 
tor:-esponcling anticipated seisinic settlements are sl~own in Table 5. The location of the 
potentially liqnefiable material during the design eai-thqualte event is also identified in the 
subsurface profiles sho~vn in Figures 9 tlrough 11. 



TriBLE 5. LIQUEFACTION AND SEISMIC SETTLEMENT ANALYSIS RESULTS 

Approximate Elevations of  
BorirtgICFT Liquefiable Zo~ies 

Soonding No. 
(ft)' 

Layer Approximate 
Seismically induced 
Settlement (inches) 

Total Approxirnate 
Seismically induced 
Settlement (inches) 

-48.5 to -50 0.1 

i\;ole.v. I .  Elz1~atior7s are based oi7 NA JfD88. 

Sal~~ples represeiltative of soils t l ~ o u g l ~ o ~ ~ t  the project area were tested to determine corrosivity 
illcluding ~ l l i ~ ~ i m ~ i ~ l  resistivity, pH, soluble sulfate contellt, and sol~lble chloride content. In the 
vicinity o f  the subject site six soil salnples were tested for corrosivity using the procedures 
describzd in California Test metl~ods 417, 422. 532, and 643. The pH was deterlllined to vary 
betweell 7.4 and 8.4, the minilnum resistivities were betweell 390 and 2,000 ohl -cni ,  soluble 



chloride contents were between 267 and 1,809 parts per inillion (ppm) and soluble sulfate 
contents were between 20 and 1,380 ppm. 

According to Caltrans corrosion guideliiles (Caltrans, 2003), soils are corrosive if the pI-I is 5.5 
or less, or the chloride concentration is 500 pasts per million (ppm) or greater, or the sulfate 
conceiltratioil is 2,000 ppm or greater. Based 011 the test results, the oil-site soils are considered 
to be corrosive. 

'The baclLfil1 for the reinforced soil inass should conforin to the corrosioil requirements per 
Caltrans Star~ilasd Special Provision (SSP) for MSE walls. For MSE walls with metallic soil 
reinforcen-lent, tlle penlieable backfill material should meet the following requirements: 
miniinurn resistivity of 2,000 olml-cm, cl~lorides less tllan 250 ppm, sulfates less than 500 ppm. 
and PH between 5.5 and 10. Pernleable inaterial wit11 geosyiltl-letic soil reillforcelllent should 
have a pH between 4.5 and 9.0. 

5.4 Approach Embanlirment and Mechanically Stabilized Earth Wall Recommendations 

As discussed j11 Sec~ioil 1.2, tile maximum design lieigllt of the approach embad<ment is about 
17 ft. Due to the presence of co~l~pressible soil; construction of the proposed Scll~iyler I-Ieim 
Bridge approacl-i embaulunent is expected to induce long-term consolidatioi~ settleillent witllin 
the footprint of the proposed approach. Several wall altei-natives were considered, and ulti~nately 
all MSE wall was selected to retain the soil on the west side of the approach ei~ibanlunei~t 
bec~use of  its riljllitg to tolerate substal~tial an~ouilt of total aid differential settleinexlts. 

The MSE -wail sl~ould be designed based on Section 5 of the Caltrans BDS (Caltrans, 2004). 

5.4.1 Lateral Earth Pressures 

L!sing Section 5.5.5.8 of the Caltrnns BDS (Caltrans, 2004), an active earth pressure coefficient 
of 0.3 and a mil unit weight of 120 pcf is recon~mended for the proposed MSE wall (i-e., 36 pcf 
equivalent f l ~ ~ i d  press~lre), tvhich retains level bacltfill. An additional lateral unifoi-111 pressure of 
75 psf due 10 a traffic surcharge equivalent to a vei-tical pressure of 250 psf should b e  added to 
the above lateral earth pressure values, where applicable. The lateral active earth pressure 
resuliallt sl~cruld be applied to the back of the MSE wall at HI3 ft above the bottoin of the wall (H 
is the wali height i11 ft) 

Per Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of eai-thquakes need to be 
cocsidez-ed in tlie desigr~ ~f'retaiiling walls which support bridge abutments, soundn7alls, or other 
instzilaiions for wlzich there is a low tolerance 51r failure. Since the subject MSE wall does not 
silpp01-1 aily struc:u~-e for wilicl~ there is a low tolerance for failuse, per Caltrails practice, the 
MSE wall need not to be desigr~ed for seismic earth pressures. 

5.4.2 Bearing Capacity 

Bearinn Capacity of hlSE S t r u ~ m :  Using the maximum wall height of 22 ft and base ~width of - 2 2 2 -  

14 ft : ~ t  Sia. 3+50 ("A" Line), ihe bearing pressure induced on the underlying fo~~ndatjon soil is 
3.4 ksf. lising a base width of 14 it, the allovlabie bearing calxiclty of the soil direcrly beneath 



thc MSE wall is greater than 3.4 Itsf. Therefore, the allowable bearing capacities exceed the 
bearil~g pressures il~duced by the wall. 

Bearing Capacity of Leveling Pad: Leveling pads suppoi-ting the wall face inay be supported on 
the in-situ soil. They should be embedded to a depth of 0.1H (where H = height of wall in feet). 
Imt not less than 2 ft below lowest adjacent grade. The allowable bearing capacity for the 
leveling pad is recomlnei~ded to be 2.5 ltsf. 

TABLE 6. MSE WALL A1 STABILITY ANALYSES 

Appl-on. Max MSE Global Stability 
LC,$ i ,  Wall Strap Bearing Capacity Factor of Safety 

Station Height Length Factor of Safety '3) 

(ft) (ft) static"'   sue do-~tatic""(') 

Notes: 

( I  j Factor of safety based upon level backfill and 240 psf equivalent vehicle surcharge for static condition. No 
vehicle surcharge for psueudo-static condition. 

(2) Governing psuedo-static factor of safety based upon static horizontal inertial foi-ce equal to one-third the 
pealc design ground acceleration; 0.17g per Caltrans guidelines (2006e). 

(3) De~i~and bearing pressures for MSE walls as shown in Catrans Bridge Design Aids, 2002 for Loading 
Canditioi! 1 .  Bearing capacity factor of safety is 2.1 for end of construction also 

5.4.3 Settlement 

Standard procedures were used to evaluate ground settlenlellt of the underlyillg fouildation soils 
due to lllc proposed MSE and associated embanlunent fill placemeilt. Generally, fills induce 
inimzdiate and consolidation settle~nent of ~inderlying soils. Iinlnediate settlemel~t occurs during 
grading and consolidatioi~ settlement occurs over varying time periods. Collsolidation settlenlent 
(magnitude and time period) is directly related to the depth of fill placed over coillpressible soil 
and the thickness of coinpressible soil layers. Iillmediate settleinent which is estimated to be 
ilegligible in this case occurs during grading or shortly thereafter, while consolidation settlement, 
\?;Ilich in this case is considerable, occurs over varying time periods. 

Based on cross-sections provided by the roadway designers, the potential settlement belleat11 the 
proposed ~=mbanlunent was evaluated at "A" Line Statioils 2+50, 31-50, and 4+27. The results for 
settlemelit analysis at %a. 4+27 are discussed in a separate foundation report prepared by EM1 
(20 1 !ij f'or the Schuyler Helm Bridge. 

Eased on cross-sections provided by roadway designers, the existing embankment will be 
widened as math as 3 feet on the east side and 9 ft 011 the west side and the embanlu~.lpent height 
is increased by up to about 2 feet. Based on our calculations, the inaxiilluln settlelnellt of soils 
underlying the proposed approac1-1 elnballlune~lt is estimated to be about 1.5 inch and the 
differeatial settlemelit along the wall is estimated to be less than 1 inch per 100 ft. The settlemellt 
periotl is estimated to be abo-ri: 6 ~veelts to reduce the remaining long-term settlement to less than 
l / i - i ~ ~ c l ~ .  



Utilities: An existing 12-inch diameter lligh pressure gas line is located about 33 ft west of 
Abutnieilt I .  Between Sta. 2+50 and 34-50 ("A" Line), this gas line is becoming as close as abol~t 
5 to 10 ft west of Retainiilg Wall A l .  The maximum settlenlent below the gas line is estimated to 
be about 1.1 inch and the differential settlement along the pipe is on the order of 1 incll per 100 
feet. 

Settlelllent Monitoring Recommei~dations: Based on our experience, the calculated settlenlents --- 
and settlement periods are approxiillations of actual field observations. Due to t l~e  variability of 
subsurface col~ditions and the tl~inly layered nature of soil deposits, settlenleilt mo~~itoring is 
recommended. 

A settlement illonitoring program should be implei~~ented for the proposed MSE wall. Surface 
mon~unents should be placed on the face of the MSE wall to measure any vertical or lateral 
movemeni. In addition, surface settlement monuments, constructed in accordance with Caltrans 
Standard Plan Sheet A74 or equivalent (Caltrans, 2006b), should be placed at the nlaximunl wall 
Ileights and at every 100 ft  along the length of the MSE wall. The settlenlent mon~imeiits sllould 
be installed in a timely manner ~lpon coinpletion of wall construction. Special care should be 
exercised ill the field to survey and protect these settlenlent devices. The monuments sl~ould be 
nlonitored at the linle of installation, on a weekly basis for a montl~, and tllen once every 2 weelts 
thereaf er ~mtil it llas been verified by the Engineer that the remaining settleinent for the 
embailkwlenl is acceptable. The upperinost levels of wall facing, coping, roadway pavement, 
hardscape, and any other in~proveineilts should not be constructed until the renlainiilg settlement 
is within acceptable limits ( i  .e., %-inch or less) 

The base of the MSE structure will be founded 011 native soils. EM1 recomnlends remedial 
gr,idi~~g consisring of 1-ft overexcavation for t l~e  section founded on native soil. The bottonl of 
the overexcavation should be scarified to a mini~lluin depth of 8 inches, ixoisture conditioiled to 
near nptiilluln moisture content, and compacted to a miniinuln 90 percent relative compaction. 
The overexcavation should be bacltlilled using granular, non-expansive soils. In the event the 
bottom cf renledial excavations becon~e saturated due to the presence of shallow groui~dwater or 
seepage, self conlpacting material such as gravel or lean concrete slurry can be placed within the 
linlits of the overexcation. The overexcavation should extend at least 3 ft  beyond the outer edge 
of the leveliilg pad and 3 ft  beyond the back of the reinforced zone behind the wall. 

5.4.5 Global Stability 

The "'global" stabilities of the MSE and east slope were evaluated for both static and pseudo- 
static cunditioi~s using the conlputer program SLIDE 5.0 (Rocscience, 2006j. Strengths of 
liquefiable soils were estimated using the method outlined in Seed and Harder (1990) The 
illaterial used for the fill is assumed to have a friction angle of 32 degrees and minimum 
collesion of 200 psf. The cross-sections selected for stability analysis were near "A" Line Sta. 
4-27 and Sta. 3 5 0 .  The results f ~ r  the global stability analysis at Sta. 4127 are discussed in a 
scparatz f~undatioil report prepared by EM1 (201 0) for the Schuyler E-Ieim Bridge. 



The soil strength withill the reinforced earth zollc is assullled to have a friction angle of 34 
degrees. Tlle in-situ shear streilgths of existing fill material and in-sjtu native soils vary aild are 
pro~dided in Table 4. 

Slope stability analyses were conducted for the static collditioll including a 2 ft soil surcl~arge to 
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability allalysis for 
the seisili~c coilditioil was perforlned using the pseudo-static approach with a seislnic coefficieilt 
of 0.1 7; Cnltrans guidelines require a seismic coefficieilt eclual to one.-third the peak horizolltal 
acceleration (0.5 g, based on the site specific ground motion study, see Appendix F) but not 
exceeding 0.2. 

Accorctillg to the results of the analyses and Caltrans guidelines, the slopes meet the nli~lirnunl 
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the 
seismic condition per Caltrans Foundation Design Guidelines (2006e). 

Sufficient drainage sl~ould be provided at tile roadway surface of the embanlu~lellt and between 
the pavelnent structure and the top of tlle MSE Wall to ininimize accumulation of water within 
the I\/6SE mass during the life of the structme. 



6.0 CONSTRUCTION CONSIDERATIONS 

Al! woric shouid be perforllled in accordance with t l~e  Caltrans Standard Specifications (Caltrans, 
7 0 0 6 ~ )  except as indicated in the Special Provisioils prepared for the project improvements. 

6.1.1 General 

Earthworlt should be perforilled in accordallce with Section 19 of the Caltrails Standard 
Specjficiltiolls (Caltrals, 2006~).  Appropriate illeasures should be talcen to prevent damage to 
adjacent existing stmct~~res and utltilities. Design and collstructioil of telnporavy slopes or sllorillg 
should be made the contractor's responsibility. It should be noted that it is the responsibility of 
the cor~tractor to oversee the safety of the worlters in the field during construction. The contractor 
shall collfornl to all applicable occupational safety and llealtl~ standads, rules, regulations, and 
orders established by the State of Califolilia. In addition, other State, County, or Municipal 
regulatiolls may s~~persede the recommendatiolls presented in this section. If a trellcli shoring 
design and safety plan is required, the geoteclulical col~sulta~~t should review the plan t o  collfirin 
that recommendations presented in this report have been applied to the design. 

Heavy construction equipinellt should not be used ilnmediately adjacent to sllorillg due to large 
lateral pressures induced by- such equiplnellt unless the shorii~g is designed to accommodate 
resulting pressures. Excavated soil or collstructioil inaterials sl~ould not be stockpiled adjacent to 
sl~oring or open excxuations. Stoclcpiled soil and constructioll inaterials should be set baclc a 
distance at least equal to the height of the excavation. 

In iill areas, complete re~noval of colnpressible surficial nlaterials including vegetation, topsoil, 
loose o~ soft aliuvium, and otherwise ullsuitable illaterial is required prior to fill placement. A 
minimum ovesexcavatioi~ of 12 inches is recolllinellded within all areas to receive compacted 
fill; the overexcavatioll sllould extend horizolltally a lilinillluin distance of 2 ft from edges of new 
fills or structures. Actual depths and extent of the required removals should be deterlnined in the 
field by qualified geoteclulical persolulel. Overexcavated areas sl~ould be cleaned of loose soils 
and debris ai?d sllould be observed to be firin and ullyieldiilg before receiving fill. The bottom of 
the overexcavation should be scarified to a minimuin depth of 8 inches, moisture conditiolled to 
near opti111un1 moisture content, and colnpacted in place to at least 90 percent relative 
compaction. 

6.1.2 Cuts and Excavations 

Preli~l-iinary plans sliow rerlzoval of existing retaining wall oil the west side of the approach 
einba~lltnlei~t is necessary to acl~ieve finish grades. Telnpurary cuts lnay be required t o  facilitate 
the col~skuction of proposed improvements. Temporary excavations, includiilg telnporary 
sloping or shoring, will need to be designed by the contractor for local and global stability, once 
the means mid methods of co~lstructioil are deterli~ined. 



6.1.3 Groundwater Control 

Grou~ldwater was encountered in all of the borings perforined near the proposed approacll 
embadunent and wall Al between Elevation +2.3 ft and -5.3 ft. Based on latest cross sections 
provided b y  the designers, the botton~ of proposed leveling pad varies between about elevation 
+ I  and +2.5 ft. The deepest excavatioil for the proposed MSE wall is expected to be below the 
observed groundwater elevations; therefore, grouildwater is expected to be ellcountered during 
coilstruclioil of the proposed MSE wall. Due to the proxiilzity of the site to the Cerritos Chaililel 
where the water elevation is dictated by tidal fluctuations, even higher groundwater elevations 
than those ellcountered duriilg the field iilvestigatio~l ase likely; therefore, the contractor sl~ould 
be prepared to control grouildwater during footing construction. Ally groundwater encountered 
during footiilg construction should be controlled in accordance wit11 Section 19-3.04 of the 
Caltrails Standard Specificatioils (2006~). Ally seepage or grouildwater removed fro111 all 
excavatioll should be tested and disposed of in compliai~ce with all applicable local, state and 
federal requirements. Free water should not be allowed to stand in ally excavations. If 
excavatioils become flooded, at least the bottom 6 inches of soil sllould be reinoved and re1)laced 
or re-compacted to 95 percent relative compaction. Additional reinovals inay be required at the 
discretion of the Engineer. 

6.2 Review of Construction Plans 

Recommendations co~ltaiiled herein ase based on current design infoimation. The geoteclmical 
consultant should review tlle final coilstiuctioll plans and specifications ill order to confirrii tliat 
the general intent of the recon~meildations coiltailled in this report have been iilcoiyorated into 
the final construction documents. 

6.3 Geotechnical Observation and Testing 

Qualified geoteclmical personilel should perform iilspections and testing d ~ ~ r i ~ ~ g  the followiilg 
stages of constructioi~: 

s Grading operations, incl~tdiilg excavations and placelnent of con~pacted fill. 
Placelnent of reillforcing elements for the MSE structure. 
Shoring installation. 
Removal or ii~stallation of support of buried utilities or structures. 
Whe11 ally uilusual subsurface coilditions are encountered. 
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APPENDIX B. SITE-SPECIFIC BORING AND CPT LOGS 



SITE-SPECIFIC BORING LOGS 



GEOTECHNICAL DESCRIPTION Tests1 Results 

. . . . .  

trace of medium-grained sand, slightly plasticity 

. . . . .  

1. 'Sample Type' - Graphical representation of sample type as shown below. 
S: Split Spoon - Standard Penetration Test Sample (SPT) 
D: Drive Sample - California Drive Sampler 
H: Hand Auger Sample - Obtained by collecting hand auger cuttings in a plastic bag 
B: Bulk Sample - Obtained by collecting cuttings in a plastic bag 
T: Tube Sample - Thin-walled Tube Sample 
P: Thin-walled Pitcher Core Sample 

2. 'Sample' - Sample Number 

3. 'Blowslfoot' - Number of blows required to advance sampler one foot (unless a distance is specified) 
Samplers in general were driven into the soil at the bottom of the hole with an automatic drop 
type 140-lb hammer dropping a standard 30 inches (as specified in header). 

'RECIRQD' - Sample Core Recovery (REC) in percent (%) and Rock Quality Designation (RQD) in percent (%). 
RQD is defined as the percentage of core in each run in which the spacing between natural fractures is greater 
than 4 inches. Mechanical breaks of the core are not considered. 

4. 'Graphic Log' -Standard symbols for soil and rock types, as shown in Note B, Sheet 2 of 2 

5. Encountered groundwater depth while drilling 

6. 'Geotechnical Description' (See also Note A, Sheet 2 of 2) 
Soil - Soil classifications are in general accordance with the American Society for Testing and Materials - 
(ASTM) D2488.84. Designations include consistency, moisture, and color. Field description have been modified 
to reflect results of laboratory analyses where deemed appropriate. 

Rock - Rock classifications generally include a rock type, color, moisture, mineral constituents, degree of 
weatherincl, alteration and the mechanical ~ r o ~ e r t i e s  of the rock. 

LEGEND FOR GEOTECHNICAL BORING LOGS 

(SHEET 1 OF 2) 



7. 'Moisture Content' and 'Dry Density' determined by laboratory testing. 

8. 'TestslResults' - Identify types of laboratory tests performed on samples collected from the field 
investigation. Abbreviations of tests are provided below: 

PI 
C R 
CBR 
CP 
C 
C U 
DS 
El 
PA 

Atterberg Limits 
Corrosivity 
California Bearing Ratio 
Compaction Test 
Consolidation 
Consolidated-Undrained T 
Direct Shear 
Expansion Index 
Particle Size Analysis 

'riaxial 

Pocket Penetrometer 
R-Value 
Sand Equivalent 
Specific Gravity 
Torvane 
Unconfined Compression 
Unconsolidated-Undrained Triaxial 
Vane Shear 

Pocket penetrometer and Torvane Shear measurements are given on the boring logs directly as the reading 
taken from the measuring instrument. 

NOTE A Criteria for Describing Moisture Condition 

Description Criteria (After ASTM D 2488) 

Dry 
Moist 
Wet 

Absence of moisture, dusty, dry to the touch 
Damp but no visible water 
Visible free water, usually soil is below water table 

Relative Density of Coarse-Grained Soil 

Blowslfoot Relative Density Field Test (After Sowers, 1979) 

0 - 4  Very Loose Easily penetrated 12" with 0.5-inch steel rod pushed by hand 
5 - 1 0  Loose Easily penetrated with 0.5-inch steel rod pushed by hand 

11 -30 Medium Dense Easily penetrated with 0.5-inch steel rod driven by 5-lb hammer 
31 - 50 Dense Penetrated a foot with 0.5-inch steel rod driven by 5-lb hammer 

> 50 Very Dense Penetrated a few inches with 0.5-inch steel rod driven by 5-lb hammer 

Relative Density of Fine-Grained Soil 
Unconfined 

Compressive 
Strength (tsf) 

< 0.25 

Consistency Field Test (After Sowers, 1979) 

Very Soft Easily penetrated several inches by fist 
Soft Easily penetrated by thumb 

0.5 - 1.0 Medium Stiff Can be penetrated several inches by thumb with moderate effort 
1 .O - 2.0 Stiff Readily indented by thumb, but penetrated only with great effort 
2.0 - 4.0 Very Stiff Readily Indented by thumbnail 

> 4.0 Hard Indented with difficulty by thumbnail 

NOTE B 
Legend of Earth Materials 

FILL MATERIAL WELL-GRADED POORLY-GRADED 
GRAVEL (GW) COBBLESIBOULDERS 

LEAN I FAT CLAY POORLY-GRADED WELL-GRADED 
SANDY CLAY (CL or CH) GRAVEL (GP) SAND (SW) 

IGNEOUS ROCK 

SlLT 1 ELASTIC SlLT 
SANDY SILT (ML or MH) SGIkZEL (GM) [IfQ S l L N  SAND (SM) ~ ~ ~ ' ~ E N T A R Y  

PEAT and/or CLAYEY CLAYEY SAND (SC) METAMORPHIC 
ORGANIC MATTER 5 5 ROCK 

ACTA SCHUYLER HElM BRIDGE REPLACEMENT I LEGEND FOR GEOTECHNICAL BORING LOGS 



Grade Elevation: + 6.05 ft 
LOG OF BORING NO. A-09-053 

SHEET 1 OF 2 Boring Depth: 51.5 feet Driller: 2R Drilling Inc. 

Borehole Diameter: 8 inches 

Date Drilled: 10-1 3-09 

Logged By: K.T 

Type of Rig: Hollow-Stem Auger 

Drive Wt. (Ibs): 140 

Drop (inches): 3 0  

Comments: 
I. CME 75 with automatic hammer 
2. 3.25" O.D. ring sampler 
3. " A  Line STA 02+86.77+; 88.67 RT c 

- w rn 

.- 
(0 .c 

. . . . . . .  . .  . , .  . . . . . . . . 
becomes mostly medium to fine SAND, some nonp'lastic fines 

. . . . . . . . . . 

. . . . . . . . . . 

. . . . . . . . . . 

. , . . . . . . . . 

GEOTECHNICAL DESCRIPTION 

SILTY SAND with GRAVEL (SM): dark brown to gray, moist, little 
GRAVEL, mostly medium to fine SAND, some nonplastic fines 

Tests1 Results 

PA, PI, El, CP, R 
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CONTINUED LOG OF BORING NO. A-09-053 
SHEET 2 OF 2 Date Drilled: 10-1 3-09 Comments: 

K.T Logged By: 1. Drillhole was backfilled with soil-cement mixture. 

Tests1 Results 

M, PA, PI 
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Date: 02-08-1 0 

7 

8 

9 

10 

GEOTECHNICAL DESCRIPTION 

. . . . . . . . . . . . . . . . . . . .  . . . . .  . . .  
SILT (ML)! stiff, gray, moist, 13% fine  SAND,'^^% medium plasticity 
fines, trace shell fragments 

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Terminated Boring at 51.5 feet depth. 
Groundwater encountered at 8.5 feet depth. 

Hammer Energy Ratio (ER=75%). 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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Grade Elevation: + 3.55 fi 
LOG OF BORING NO. R-09-002 

SHEET 1 OF 3 Boring Depth: 76.5 feet Driller: C&L Drilling Co. 

Borehole Diameter: 5 inches 

Date Drilled: 10-1 2-09 

Logged By: R.J 

Type of Rig: Mud Rotary 

Drive Wt. (Ibs): 140 

Drop (inches): 30 

Comments: 
1. Mayhew 1000 with rope and cat-head hammer 
2. 3.25" O.D. ring sampler 
3. " A  Line STA 04+57.38 c; 11 0.03RT c 
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n 
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. .  . . . . . , . .  
CLAYEY SAND (sc): medium dense grayish &own, moist, trace 
fine GRAVEL, mostly fine to medium SAND, little non to low 
plasticity fines, weak cementation 
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GEOTECHNICAL DESCRIPTION 



CONTINUED LOG OF BORING NO. R-09-002 
Date Drilled: 1 0-1 2-09 

Logged By: R.J 

Comments: SHEET 2 OF 3 
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1. Drillhole was backfilled with soil-cement mixture. 
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GEOTECHNICAL DESCRIPTION 

SILTY SAND (SM): medium dense, gray, wet, mostly medium to fine 
SAND, some nonplastic fines, trace mica and shell fragments, weak 
cementation 

. . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
54% fine  SAND,'^^% fines 

SILT with SAND (ML): stiff, gray, wet, little fine SAND, low plasticity 
fines, trace mica 

. . . . . . . . . . .  

M, UW, DS 

M, PA 

. . . . . . . . . . .  

M, UW, C, PI 

. . . . . . . . . .  
SANDY SILT (ML): stiff, gray, wet, 3% fine GRAVEL, 36% fine 
SAND, 61 % low plasticity fines 

SILTY SAND (SM): very dense, gray, wet, mostly fine SAND, little 
nonplastic fines, weak cementation 

SANDY SILT (ML): very stiff, gray, moist, some fine SAND, low 
plasticity fines, trace mica 

SILTY SAND (SM): very dense. gray. wet, mostly fine SAND, some 
nonplastic fines, weak cementation 

CLAYEY SAND (SC): very dense, gray, wet, mostly fine SAND, 
some low plasticity fines, weak cementation, with 8" lean CLAY layer 

ACTA SCHUYLER HElM BRIDGE 
PROJECT 
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CONTINUED LOG OF BORING NO. R-09-002 
SHEET 3 OF 3 Date Drilled: 1 0-1 2-09 Comments: 

R.J Logged By: 
1. Drillhole was backfilled with soil-cement mixture. 
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M, PA 

. . . . . . . . . . . . . . . . .  
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GEOTECHNICAL DESCRIPTION 

Date: 02-08-1 0 
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- 
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. . . . .  

15 31 SILT (ML): very stiff, gray, moist, 1% fine GRAVEL, 13% fine SAND, 
86% low plasticity fines 

Terminated Boring at 76.5 feet depth. 
Groundwater Table was not measured. 

Hammer Energy Ratio (ER=60%). 
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M, UW, PA 

Grade Elevation: + 8.80 f i MLLW 
LOG OF BORING NO. R-09-038 

SHEET 1 OF 4 Boring Depth: 120.5 feet Driller: C&L Drilling Co. 

Borehole Diameter: 5 inches 

Date Drilled: 1 1-04-09 

Logged By: K.T/K.P 

Type of Rig: Mud Rotary 

Drive Wt. (Ibs): 140  

Drop (inches): 3 0  

Comments: 
1. Mayhew 1000 with rope and cat-head hammer 
2. 3.25" O.D. ring sampler 
3. " A  Line STA 01+86.19k; 80.30 RTk 
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some nonplastic fines, weak cementation 

m 
2 

L a ,  
S x a  
a , E 5  

m m  
-- 

- B  
- 

.- 
0 

g 
2 
9 
m 

0 

m 
-4 

.- " 
a 
2 u 

GEOTECHNICAL DESCRIPTION 

SILTY SAND (SM): medium dense, moist, olive gray, 10% fine 
GRAVEL, 55% medium to fine SAND, 35% nonplastic fines, weak 
cementation 
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CONTINUED LOG OF BORING NO. R-09-038 
Date Drilled: 1 1-04-09 

Logged By: K.T/K.P 

Comments: SHEET 2 OF 4 
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1. Drillhole was backfilled with soil-cement mixture. 
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M, UW, UU, SG, PA, 
PI, PP 
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M, UW, PA 

PI 

M, UW, UU, SG, PA, 
PI, PP 
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M, PA, Pi 

M, UW, C, PI 
M, UW 

M, UW, UU, SG, PA, 
PI, PP 

. . . . . . . . . .  
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M, UW 

REPLACEMENT 

GEOTECHNICAL DESCRIPTION 

Fat CLAY (CH): medium stiff, gray, moist, 1% fine SAND, 99% high 
plasticity fines, PP=0.8 tsf 
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SILTY SAND (SM): medium dense, moist, 86% fine SAND, 14% 
\ nonplastic fines, trace shell fragments, weak cementation 

SANDY SlLT (ML): very stiff, gray, moist, some fine SAND, 
nonplastic fines 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SlLT with SAND (ML): stiff, gray, moist, 24% fine SAND, 76% low 
plasticity fines 

SANDY SILT (ML): stiff, gray, moist, 42% fine SAND, 58% nonplastic 
fines 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SILTY SAND (SM): medium dense, moist, mostly fine SAND, some 
nonplastic fines, weak cementation 

% . ' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

SILT with SAND (ML): very stiff, dark gray, moist, 28% fine SAND, 
72% low plasticity fines 

SILT (ML): very stiff, gray, moist, 13% fine SAND, 72% nonplastic 
fines 

becomes hard 

Mechanics Inc. 
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CONTINUED LOG OF BORING NO. R-09-038 
Date Drilled: 1 1-04-09 

Logged By: K.T/K.P 

Comments: SHEET 4 OF 4 
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1. Drillhole was backfilled with soil-cement mixture. 
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SITE-SPECIFIC CPT SOUNDING LOG 



Earth Mechanics
Project Schuyler Heim Bridge Operator DK-ML Filename SDF(297).cpt
Job Number 06-123 Cone Number DSG1023 GPS
Hole Number C-09-095 Date and Time 10/20/2009 7:07:16 AM Maximum Depth 110.56 ft
Water Table Depth 10.00 ft

Net Area Ratio .8

Cone Size 10cm squared Soil Behavior Referance*Soil behavior type and SPT based on data from UBC-1983
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APPENDIX C. EARTHSPECTIVES SPT HAMMER ENERGY MEASUREMENT 
REPORT 



EARTHSPECTIVES 
250 Goddard Phone: (949) 777-1 270 
Irvine, California 9261 8 Fax: (949) 777-1 283 

November 12, 2009 
EarthMechanic, Inc. 
17660 Newhope, Suite E 
Fountain Valley, California 92708 

Attention: Mr. Ranian Guneranian 

Dear Ranjan: 

SPT Hammer Energy Measurement 
Borings A-09-053, R-09-004, and R-09-009 
ACTA Schuyler Heim Bridge Replacement 
Long Beach, California 
ES Project No. 09095-141 

INTRODUCTION 

This letter report summarizes the results of EarthSpectivesl (ES) SPT hammer energy measurements 

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It 

provides a description of the test program and results. 

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system 

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and. 

6066 test standards. Results are summarized in Table 1, while more details regarding energy records 

are provided in Appendix A. 

TESTING CONDITIONS 

Test Borings 
SPT hammer energy measurements were performed at three boring locations drilled by three different 

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R 

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ 

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal 

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig 

equipped with a Automatic trip hammer and HF2-518 drill rod, while C&L Drilling samplers were 

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made 

drill rod. 

Instrumentation 
SPT energy measurements were performed by placing a 2 ft instrumented section of drill r o d  at the top 

of the drill string between the hammer and the existing sampling rods. The instruments consist of two 

Geotechnical Specialty Engineering 



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view 

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during 

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The 

raw data were stored directly on a portable field computer for subsequent analysis in the office. 

RESULTS 

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy 

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred 

energy to rated energy of the hammer which is the product of the weight of the hammer times the 

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft). 

TABLE I -SUMMARY OF SPT HAMMER ENERGY MEASUREMTS 

AVERAGE SPT HAMMER EFFICIENCY 

SAMPLING DEPTH 
(FT) 

(ENERGY TRANSFER RATIO) 
BORING R-09-009 
C&L Drilling, Inc. 

Mud Rotary 

BORING A-09-053 
2R Drilling, Inc. 

Hollow Stem 

BORING R-09-004 
So Cal drilling, Inc. 

Mud Rotary 



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of 

blow number in Appendix A. Table immediately following the plot also provides the minimum, 

maximum, and average values at each sampling depth in addition to raw data. 

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an 

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall 

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall 

average of 62 percent for boring hole R-09-009. 

LIMITATIONS 

Professional judgments represented in this report are based on evaluations of the technical 

information gathered, our understanding of the proposed construction, and our general experience in 

the geotechnical field. We do not guarantee the performance of the project in any respect, only that 

our engineering work and judgments are rendered while striving to meet the standard of care of our 

profession at this time. 

CLOSURE 

It has been a pleasure serving you on this project and we look forward to working with you again. 

Please call if you have any questions. 

Sincerely Submitted for EarthSpectives 

/-I . c-- 
~/&IXL>* 

Hossein K. Rashidi, Ph.D., P.E. 
Principal Engineer 
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P i l e  : A - 0 9 - 0 5 3  
I n f o :  HOLLOW STEM 
AR : 1 . 2  i n - 2  
LE:  5 6 . 0  f t  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
EMX: Max T r a n s f e r r e d  E n e r g y  
ETR: E n e r g y  T r a n s f e r  R a t i o  
E 2 F  : UNDEFINED 
E F 2 :  E n e r g y  by F A 2  Method 
EV2 : UNDEFINED 

P r o j :  ACTA HEIM BRIDGE PROJECT P g l  
S P :  0 . 4 9 2  k / f t o 3  
WS: 1 6 8 0 8  f t / s  
EM: 3 0 0 0 0  K S I  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
BPM: B l o w s  P e r  Minute 
CSX: Max Measured C - S t r e s s  
C S I :  Max F 1  o r  F2 C - S t r e s s  
TSX: Max C o m p u t e d  T - S t r e s s  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - -  

BL# d e p t h  T Y  EMX ETR E 2 F  EF2  EV2 B  PM CS X C S I  TSX 
end b l / f t  f  t K - f t  P I < - f t  b l / m i n  l c s i  l c s i  k s i  

1 4  5 . 0 0  AV 0 . 2 8  8 2  0  1 . 5 0  2 0 4  5 4 . 7  2 0 . 0 6  2 0 . 1 3  6 . 8 1  



Pile : A- 09- 053 
Info: HOLLOW STEM 

P r o j  : ACTA HEIM BRIDGE PROJECT Pg2 

COMMENTS 
JC = 0.70 
Sample at 5 ft 
Sample at 10 ft 
Sample at 15 ft 
Sample at 20 ft 
Sample at 25 ft 
Sample at 30 ft 
Sample at 35 ft 
Sample at 40 ft 
Sample at 45 ft 
Sample at 50 ft 

DRIVEN (2009-0ct-13 : A-09-053 . M D F )  
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P i l e :  R - 0 9 - 0 0 4  P r o j  : ACTA HEIM BRIDGE PROJECT P g l  
I n f o  : MUD ROTARY S P :  0 . 4 9 2  k / f t A 3  
AR : 1 . 4  i n A 2  WS: 1 6 8 0 8  f t / s  
LE: 1 6 3 . 0 f t  EM: 3 0 0 0 0  KSI  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  
ETR: E n e r g y  T r a n s f e r  R a t i o  
E2F  : UNDEFINED 
EF2:  E n e r g y  by F n 2  Method 
EV2 : UNDEFINED 
- - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth TY EMX 
end bl/ft f t K - f t  

1 2  1 0 . 0 0  AV 0 . 2 0  

ETR 
5 

5 9  

BPM: B l o w s  P e r  Minute 
CSX: Max Measured C - S t r e s s  
C S I :  Max F 1  o r  F2 C - S t r e s s  
TSX: Max C o m p u t e d  T - S t r e s s  

E2F EF2 EV2 B PM CSX CSI TSX 
K - f t  bl /min k s i  lcsi k s i  

0  2 . 7 9  1 6 4  0 . 0  2 6 . 2 0  3 2 . 0 4  1 1 . 8 3  



P i l e :  R - 0 9 - 0 0 4  P r o j :  ACTA HEIM BRIDGE PROJECT P g 2  
Info: MUD ROTARY 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BL# depth TY EMX ETR E 2 F  EF2 EV2 BPM CSX CSI TSX 
end bl/ft f t  K - f t  % K - f  t b l / m i n  ksi k s i  k s i  
5 7 5  5  1 3 5 . 0 0  AV 0 . 2 8  8 0  0  5 . 1 4  2 1 0  3 8 . 6  3 5 . 6 5  3 5 . 6 8  1 2 . 6 5  

MX 0 . 2 8  8 1  0  5 . 3 8  2 2 2  3 9 . 4  3 6 . 7 5  3 6 . 7 5 1 4 . 0 2  
MN 0 . 2 6  7 5 0  4 . 9 6  1 5 4  0 . 0  3 4 . 2 8  3 4 . 2 8  1 1 . 1 5  

COMMENTS 
J C  = 0 . 7 0  
Sample a t  
S a m p l e  at 
S a m p l e  at 
S a m p l e  a t  
S a m p l e  at 
S a m p l e  a t  
S a m p l e  at 
S a m p l e  at 
S a m p l e  a t  
S a m p l e  at 

DRIVEN ( 2 0 0 9 - 0 c t - 2 2  : R-09-004 .MDF)  



ACTA SCHUYLER HE1.M BRIDGE REPLACEMENT, BORING HOLE R-09-009,  CGL D R I L L I N G  

EMX ( k i p s - f t )  
Max T r a n s f e r r e d  E n e r g y  
0.00 0.20 0.40 

N o t e s  1. S a m p l e  a t  20 f t  
2 .  S a m p l e  a t  60 f t  
3 .  S a m p l e  a t  8 0  f t  
4 .  S a m p l e  a t  9 0  f t  
5 .  S a m p l e  a t  1 0 0  f t  

ETR (%) 
E n e r g y  T r a n s f e r  Ratio 

20 60 100 

BPM ( b l / r n i n )  
B l o w s  P e r  M i n u t e  

0 40 80 

N o t e s  6 .  S a m p l e  a t  1 1 0  f t  
7 .  S a m p l e  a t  1 2 0  f t  
8 .  S a m p l e  a t  1 3 0  f t  
9 .  S a m p l e  a t  140 f t  

1 0 .  S a m p l e  a t  1 5 5  f t  

N o t e s  



Pile: R-09-009 Proj : ACTA HEIM BRIDGE PROJECT Pgl 
Info: MUD ROTARY- rope and cathead SP: 0.492 k/fta3 
AR : 1.4 in-2 WS: 16808 ft/s 
LE: 165.0 ft EM: 30000 KSI 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max Transferred Energy BPM: Blows Per Minute 
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress 
E2F : UNDEFINED CSI: Max F1 or F2 C-Stress 
EF2: Energy by F"2 Method TSX: Max Computed T-Stress 
EV2 : UNDEFINED 
_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end bl/ft ft K-ft s K-ft bl/min ks i ltsi ksi 

1 3 10.00 AV 0.20 55 0 2.10 0 24.0 28.27 28.27 0.00 



Pile: R-09-009 Pro]: ACTA HEIM BRIDGE P R O J E C T  Pg2 
I n f o :  MUD ROTARY- rope and ca thead  
_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX C S I  TSX 
end bl/ft ft I < - f t  I K - f t  bl/min l c s i  ksi ksi 
687 9 140.00 AV 0.24 6 8 0 3.01 236 34.8 23.31 23.31 2.79 

MX 0.30 80 0 3.69 303 38.8 28.09 28.09 5.59 
MN 0.18 51 0 0.00 13 0.0 3.80 3.80 0.47 

COMMENTS 
JC = 0.70 
Sample at 20 f t  
Sample at 60 f t  
Sample at 80 ft 
Sample at 90 f t  
Sample a t  100 ft 
Sample a t  110 f t  
Sample at 120 f t  
Sample at 130 f t  
Sample at  140 f t  
Sample at 155 f t  

DRIVEN (2009-0ct-28 : R-09-009.MDF) 
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INTRODUCTION 

Boring geophysical ineasureinents were collected in six uncased borings for the Schuyler Heiill 

Bridge Project at the Port of Los Angeles, Califonlia. Geophysical data acquisition was 

perfornled between October 19 to November 6, 2009 by Victor Gonzalez and Charles Carter of 

GEO 7fi.sion. Data analysis was perforllled by Victor Gonzalez and reviewed by Robert Steller of 

GEO 74sion. Repost preparation was performed by Victor Goilzalez and reviewed by John Die111 

of GEOVision. The work was performed ~mder subcontract with East11 Mecl~anics, Inc. (EMI) 

with G. J. Gunaranjan serving as the point of contact for EMI. 

This report describes the field measurements, data analysis, and results of this work. 

GEOVision Report 9375-01 rev a Page  5 of 72 November  1 1 ,  2009 



SCOPE OF WORK 

Tllis report presents the results of boring geophysical nleasurements collected between October 

19 and November 6, 2009 in six 4 718 -inch uncased borings, as detailed in Table 1. The purpose 

of the study was to supplement stratigraphic infornlation obtained during EMI's soil sanlpling 

progranl and to acquire sheas wave velocities and compressional wave velocities as a f~~nc t ion  of 

depth. 

-- 

(I' Coordinates and elevations provided by EM1 

BORING 

DESIGNATION 

Table 1 Boring locations and logging dates 

The OYO Suspensiol~ Logging Systein was used to obtain in-situ l~orizontal shear and 

conlpressiollal wave velocity n~easurements at 1.6-foot intervals. The acquired data were 

analyzed and a profile of velocity versus depth was produced for both colllpressional and 

horizoi~tally polarized shear waves. 

DATES 

LOGGED 

A detailed reference for the velocity measuremellt teclmiques used in this study is: 

Guidelines for Determinine; Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, 

Sections 7 and 8. 

GEOVision Report 9375-01 rev a 
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INSTRUMENTATION 

Suspension Instrumentation 

Suspension soil velocity nleasurenlents were perforilled in all borings using the PS suspension 

loggiilg system, manufactured by OYO Colyoration, and their subsidiaiy, Roberts011 

Geologging. This system directly deterinines the average velocity of a 3.3-foot high segment of 

the soil colulnn sun-ounding the boring of interest by measuring the elapsed time between 

arrivals of a wave propagating upward tlu-ougll the soil column. The receivers that detect the 

wave, and the source that generates the wave, are moved as a unit in the boring producing 

relatively constant amplitude signals at all depths. 

The suspension systenl probe consists of a conlbined reversible polarity solenoid horizontal 

shear-wave somce (SH) and conlpressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers i s  3.3 feet, 

allowing average wave velocity in the region between the receivers to be determined by 

inversioll of the wave travel time between the two receivers. T11e total length of the probe as used 

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottoi-11 

end of the probe. 

The probe receives coiltrol signals from, and sends the receiver signals to, instrunleiltation on the 

surface via an aillored 4 or 7 conductor cable. The cable is wo~uld onto the druill of a winch and 

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28- 

foot circumference sheave fitted with a digital rotaly encoder. 

The entire probe is suspended in the boring by the cable, therefore, source inotion is not coupled 

directly to the boring walls; rather, the source lnotion creates a horizontally propagating 

inlpulsive pressure wave in the fluid filling the boring and sui-roundil~g the source. This pressure 

wave is coilvei-ted to P and SH-waves i11 the surrounding soil and rock as it inlpinges upon the 

wall of the boring. These waves propagate through the soil and rock surroundiilg the boring, in 

turn causing a pressure wave to be generated in the fluid surrounding the receivers as the soil 

GEOVision Report 9375-01 rev a Page 7 of 72 November 11,2009 



waves pass their location. Separation of the P and SH-waves at tlle receivers is perfori~~ed uzsillg 

the following steps: 

1. Orientation of the horizolltal receivers is maintained parallel to the axis of the source, 

n~aximizing the anlplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a characteristic SH- 

wave signatulre distinct fio111 the P-wave signal. 

3. The 7.0-foot separation of source and receiver 1 pernlits the P-wave signal to pass and 

danlp significalltly before the slower SH-wave signal arrives at the receiver. In saturated 

soils, the received P-wave signal is typically of much higher frequency tllan tlle received 

SH-wave signal, pelmitting additional separation of the two signals by low pass filtering. 

4. Direct ail-ival of the origiilal pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significailtly greater than the 

dimeilsioil of the fluid alul~llus surrouu~ding the probe, preventing significant energy 

trailsmission tlxough tlie fluid medium. 

In operation, a distinct, repeatable pattern of iillpulses is generated at each depth as follows: 

1. T11e source is fired in one direction producing doininai~tly horizoiltal shear with sonle 

vertical compression, and the signals fiom t l ~ e  horizolltal receivers situated parallel to the 

axis of nlotion of the souu-ce are recorded. 

2. The source is fired again in the opposite direction and the horizolltal receiver signals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded. The repeated 

source pattern facilitates the piclcing of the P and SH-wave arrivals; reversal of the  source 

changes the polarity of the SH-wave pattern but not the P-wave pattern. 

The data from each receiver during each soulrce activation is recorded as a different channel 011 

the recording system. The Suspension PS systenl has six channels (two simn~~ltaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six chanilels with 

a coim~~oil time scale. Data are stored on disk for ful-tl~er processing. Up to 8 sampling sequences 

can be summed to inlprove the signal to noise ratio of tlle signals. 

GEOVision Report 9375-01 rev a Page 8 of 72 November 11,2009 



Review of the displayed data 011 the recorder or coillputer screen allows the operator to set the 

gains, filters, delay time, pulse lengtl~ (energy), sanlple rate, and sullu.lling nuillber to optiinize 

the quality of the data before recording. Verification of the calibration of the Suspel~sioll PS 

digital recorder is perfornled every twelve llionths using a NIST traceable frequency source and 

counter, as outlined in Appendix B. 
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MEASUREMENT PROCEDURES 

Suspension Measurement Procedures 

Six 4 718-incl~ uilcased boriilgs filled with freshwater drilling i n ~ ~ d  were logged. Measurelneilts 

followed the GEOVisior7 Procedure for P-S Suspeilsioil Seisillic Velocity Logging, revisioll 1.4. 

Prior to each logging r~ul, the probe was positioned with the top of the probe at the top of the 

drilliilg 111~1d tub, grouild surface, or other stationa~y reference point. Subsequently, the electronic 

depth counter was set to 8.2 feet, the distance between the mid-point of the receiver and the top 

01 the probe, minus the heigllt of the stationaly reference point, as verified with a tape nleasure, 

and recorded on the field logs. T11e probe was lowered to the bottoln of the boring 01- uiltil the 

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot iiltervals to collect data, as 

summasized in Table 2. 

At each measuremeilt depth the ~neasureilleilt sequence of two opposite horizoiltal records and 

one vertical record was perfor~ned, and the gains were adjusted as required. The data froin each 

depth were viewed on the coinputer display, cllecked, and recorded on disk before moving to the 

next depth. 

Upon completion of the ineasuremeilts, the probe zero depth indication at the statioilary 

referellce point was verified and recorded on the field logs prior to reinoval from the  boring. 

Field data were backed up to USB flash drive each day upon coinpletion of data acquisition. 

Table 2. Logging dates and depth ranges 

BORING 
NUMBER 

R-09-007 

R-09-014 

R-09-021 

R-09-022 

R-09-025 

R-09-028 
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TOOL AND RUN 
NUMBER 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

November 11, 2009 

DEPTH 
RANGE 
(FEET) 

3.3 - 136.2 

3.3 - 118.1 

6.6 - 154.2 

3.3 - 162.4 

3.3 - 160.8 

3.3 - 162.4 

DEPTH TO 
BOTTOM OF 

BORING 
(FEET) 

150 

165 

170 

175 

175 

175 

SAMPLE 
INTERVAL 

(FEET) 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

DATE 
LOGGED 

10/19/2009 

10/20/2009 

10/21/2009 

1 1 /02/2009 

11 /05/2009 

11 /06/2009 



DATA ANALYSIS 

Suspension Analysis 

Using the proprietaiy OYO prograln PSLOG.EXE version 1.0, the recorded digital waveforills 

were analyzed to locate the lnost promiileilt first minima, first maxima, or first break on the 

vertical axis records, indicating the al~ival of P-wave energy. The difference in travel time 

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate the P-wave velocity for 

that 3.3-foot segnleilt of the soil colunu~. When observable, P-wave ai-rivals on the l~orizontal 

axis records were used to verify the velocities deterlniiled fiom the vertical axis data. The time 

piclcs were tlleil trailsferred into an EXCEL template (EXCEL versioil2003 SP2) to coillplete the 

velocity calculatioi~s based on the ai-rival time picks made in PSLOG. 

The P-wave velocity over the 6.33-foot interval fiom source to receiver 1 (S-Rl) was also picked 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived from the travel time between receivers. In this analysis, the depth values as recorded 

were illcreased by 4.53 feet to correspond to the mid-point of tlle 6.33-foot S-Rl interval. Travel 

times were obtained by picking t l~e  first break of the P-wave signal at receiver 1 and subtracting 

0.35 milliseconds, the calculated and experiinentally verified delay froin source trigger pulse 

(beginning of record) to source impact. T11is delay corresponds to the duration of acceleration of 

the solenoid before impact. 

As with the P-wave records, usiilg PSLOG, the recorded digital wavefonns were analyzed to 

locate the presence of clear SH-wave pulses, as indicated by the presence of opposite polarity 

pulses on each pair of llorizontal records. Ideally, the SH-wave signals from the 'nonnal' and 

'reverse' source pulses are very nearly invei-ted iinages of each other. Digital FFT - IFFT lowpass 

filtering can be used to remove tlle higher frequency P-wave signal fiom the SH-wave signal. 

Generally, the first lnaxiilla were picked for the 'norinal' signals and the first minima for the 

'reverse' signals, although other points on the waveforin were used if the first pulse was distorted. 

The absol~rte arrival time of the horinal' and 'reverse' signals inay vary by +I- 0.2 milliseconds, 

due to differences in the actuatioil time of the solenoid source caused by constallt ~ ~ ~ e c l ~ a n i c a l  

bias in the source or by boring iaclination. This variation does not affect the R1-R2 velocity 
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determinations, as the differential time is ineasured between arrivals of waves created by the 

saine source actuation. Tile final velocity value is tlle average of the values obtained from the 

'norinal' and 'reverse' soulrce actuations. 

As with the P-wave data, SH-wave velocity calculated from the travel time over tlle 6.33-foot 

interval from source to receiver 1 was calculated and plotted for verification of the velocity 

derived fiom the travel tiine between receivers. In this analysis, the depth values were increased 

by 4.53 feet to correspond to tlle mid-point of the 6.33-foot S-R1 interval. Travel times were 

obtained by picltiilg the first break of the SH-wave signal at the near receiver and subtracting 

0.35 milliseconds, the calculated and experinlentally verified delay froin the beginlliilg of the 

record at the source trigger pulse to source impact. 

These data and analysis were reviewed by Robei-t Steller as a component of GEOVisiorzYs in- 

llouse QA-QC program. 

Figure 2 s11ows an example of R1 - R2 ineasuremellts on a sample filtered suspension record. In 

Figure 2, the time difference over the 3.3-foot interval of 1.88 rnillisecoilds for the horizoiltal 

signals is equivalent to an SH-wave velocity of 1745 feetlsecond. Whenever possible, time 

differences were deterinined from several phase points on the SH-waveform records to verify the 

data obtained from the first arrival of tlle SH-wave pulse. Figure 3 displays the saime record 

before filtering of tlle SH-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, 

illustrating the presence of higher frequei~cy P-wave energy at the begiillling of the record, and 

distol-tion of the lower frequency SH-wave by residual P-wave signal. 
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RESULTS 

Suspension Results 

Suspellsion R1-R2 P- and SH-wave velocities are plotted in Figures 4, 5 ,  6, 7, 8, and 9. The 

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8, 

respectively. These plots and data are included in the EXCEL analysis files trailslllitted 

separately. 

P- and SH-wave velocity data frolll Rl-R2 analysis and quality assurance analysis of S-R1 data 

are plotted together in Figures A-1 tluougl~ A-6 to aid in visual coinparison. It sl~ould be noted 

that R1-R2 data are an average velocity over a 3.3-foot segment of the soil coluillll; S-R1 data 

are an average over 6.33 feet, creating a significant smoothing relative to the R1-R2 plots. S-Rl 

data are presented in Tables A-1 tluough A-6, and included in the EXCEL analysis files. 

Calibration procedures and records for the suspension PS rneas~u-emeilt systein are presei~ted in 

Appendix B. 
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Discussion of Suspension Results 

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotai-y nlud (rotary wash) methods, as were these borings. Thus data collected in these uncased 

borings was of veiy good quality. 

Suspension PS velocity data quality is judged based upon 5 criteria: 

1. Consistent data between receiver to receiver (R1 - R2) and source to receiver (S - R1) 

data. 

2. Coilsistent relatioilship between P-wave and SH -wave (excluding trallsition to saturated 

soils) 

3. Consistency between data from adjacent depth illtellrals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

5. Collsistency of profile between adjacent borings, if available. 

These data show good toll-elation between R1 - R2 and S - R1. Additionally, there is  a good 

correlation between P-wave and SH-wave velocities, as both show similar velocity inflections. 

Data from adjacent depth intervals ase generally similar. P-wave and SH-wave onsets are clear 

and later oscillatioils are well damped. 

Velocity profiles between borings in the study area are generally similar. All borings exhibit SH- 

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over 

1,000 fps at depth. All borings sllow an increase to water velocitiesin the P-wave profiles at 10 - 

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a sin~ilas 

decrease in P-wave velocity at approxilnately 45 - 55 feet bgs wl~ich typically indicates an 

organic-rich zone. 
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Quality Assurance 

These boring geophysical nleasurelllents were perforined using industry-standasd or better 

metl~ods for measuremeilts and analyses. All work was perfoi-nled under GEOVision quality 

assurance procedures, w l~ i c l~  include: 

Use of NIST-traceable calibrations, where applicable, for field and laboratory 

iilstrullleiltatioil 

Use of standard field data logs 

Use of independeilt verificatioil of velocity data by comparison of receiver-to-receiver and 

source-to-receiver velocities 

Independent review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 

Suspension Data Reliability 

P- and SH-wave velocity n~eas~lren~ent using the Suspellsion Method gives average velocities 

over a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the 

graphs. In uilcased borings, individual measurements are very reliable, with estimated precisioil 

of +I- 5%. Standardized field procedures and quality assurance cl~eclts contribute to the 

reliability of the data. 
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4 or 7-Conductor cable OYO PS-170 or 

Head Reducer 

Upper Geophone 

Lower Geophone 

Source Driver 

Overall Length - 25 ft 

Figure 1 : Concept illustration of P-S logging system 
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Figure 2: Example of filtered (1400 Hz lowpass) record 
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Far HN 
9.910 

Far HR 
10.140 

Far U 
5.555 

Near HN 
8.830 

Near HR 
8.268 

Near U 
5.895 

Figure 3. Example of unfiltered record 
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SCHldYLER HElM BRIDGE BQRING R48405 
Recrlver ts Receiver V, and V, Analyals 

Q 4 000 2000 3000 4000 SQQQ BQQQ SQQQ 
VELOCITY [WS) 

Figure 4: Boring R-09-007, Suspension R1-R2 P- and &-wave velocities 
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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SCHUYLER HElM BRIDGE BQRING R-091814 
Receiver to Reeeiver V, and V, Analysis 

Q 1 660 2060 3000 4060 6060 BBQQ 7660 
VELOCITY (Ms) 

Figure 5: Boring R-09-014, Suspension R1-R2 P- and &-wave velocities 
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 
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SCHMYLER HElM BRIDGE BORING RlbbS42.l 
Reeelver fa Reiceilveir V, and V, Analysla 

Figure 6: Boring R-09-021, Suspension R1-R2 P- and &-wave velocities 
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHUYLER HElM BRIDGE BORING R-09422 
Receiver to Receiver V, and V, Analysis 

-@- Near-Far Receivers. Vs 

Figure 7: Boring R-09-022, Suspension R1-R2 P- and SH-wave velocities 
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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SGHIJYLER HElM BRIDGE SORIMG R-89-825 
Receiver to Receiver V, and V, Analysis 

Figure 8: Boring R-09-025, Suspension R1-R2 P- and SH-wave velocities 
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and &wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 

Depth at 

Midpoint Between 
Receivers 

(m) 

21.5 

22.0 

22.3 

23.0 

23.5 

24.0 

24.5 

25.0 

25.5 

26.0 

26.5 

27.0 

27.5 

28.0 

28.5 

29.0 

29.5 

30.0 

30.5 

31 .O 

31.5 

32.0 

32.5 

33.0 

33.5 

34.0 

34.5 

35.0 

35.5 

36.0 

36.5 

37.0 

37.5 

38.0 

38.5 

39.0 

39.5 

40.0 

40.5 

41 .O 

41.5 

42.0 

42.5 

43.0 

GEOVision Report 9375-01 rev a Page 35 of 72 November 11,2009 



Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLER HElM BRIDGE BORING R-09428 
Rrcelver ts Rrerlver V, and V, Analysls 

Figure 9: Boring R-09-028, Suspension R1-R2 P- and SH-wave velocities 
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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APPENDIX A 

SUSPENSION VELOCITY MEASUREMENT 
QUALITY ASSURANCE SUSPENSION SOURCE 

TO RECEIVER ANALYSIS RESULTS 
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SCHMYLER HElM BRIDGE BORING R49487 
Source to Receiver end Rectalvtar to Recnclver Analysis 

+ Source-Near Receiver? Vs 

Near-Far Receivers, Vp 

Q 1 QQQ 2000 3000 4000 5000 8000 7000 

VELOCITY [Ws) 

Figure A-I. Boring R-09-007, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A- I .  Boring R-09-007, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Between Source a n d  Between Source a n d  
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Depth at Midpoint 
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SCHUYLER HEIM BRIDGE BORING W49414 
Ssarrcs tsr Rscslver nnd Re~eIver ts Rseslver Anelysls 

-D-Source-Near Receiver. Vs 

Near-Far Receivers. Vp 

- 7 4-- - - -~y'~~'~,--- ,=-- , -  W---t---r--t---tlt 

0 1 000 200Q 3000 4000 5000 QQQO 70Q0 
VELOCITY IN%) 

Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-2. Boring R-09-014, S - R 1  quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 
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SGHMYLER HEIM BRIDGE BQRING R-89421 
Source to Receiver and Rnecelver to Recelvner Analysis 

Q 

+ Source-Near Receiver. Vs 

Near-Far Receivers, Vg  

Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHUYLEW HElM BRIDGE BOWlMO R49422 
$sure@ to Receiver and Reeelver %Q R&X!IVH' Analysis 
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Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Depth at Midpoint 
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SCHMYLEF? HElM BRIDGE BQRIPIG 8189426 
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Figure A-5. Boring R-09-025, R l  - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 

GEOVision Report 9375-01 rev a Page 56 of 72 November 11,2009 



Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Metric Units 

Depth at Midpoint Velocity 

Between Source and 
Near Receiver vs V, 

(m) (mls) (mls) 

2.5 100 990 

3.0 110 1070 

3.5 110 1250 

4.0 , I10 1380 

4.5 120 1360 

5.0 130 1430 

5.5 130 1430 

6.0 140 1470 

Poisson's 
Ratio 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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Figure A-6. Boring R-09-028, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-6. Boring R-09-028, S - R l  quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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APPENDIX B 

BORING GEOPHYSICAL LOGGING 
SYSTEMS - NlST TRACEABLE CALIBRATION 
PROCEDURES AND CALIBRATION RECORDS 
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"' Calibration Report 

1Hetrology 
7?OO Fen\\lick Lane 
IIrestnlinster, CA 92683 
'loll Free: 866-72.;-2257 

Manufacturer: o y o  
Model Number: 3403 
Description: Unit, Suspension Telemetry 

Asset Number: 160023 

Serial Number: 160023 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

GEOVision Geophysical Services 
1 124 Olympic Drive 

Corona, CA 92881-3390 

8 ' " J C U L  I . U I I I U C I  V" I L "  

Page I of 4 

Lab Code: 105014-0 

Ambient Temuerature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 

Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 

Calibration Due Date: 07/17/2010 

Calibration Interval: 12 Months 

Rem arlts: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISO/IEC 17025:2005, ANSllNCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the uncertaiggij@ted isdhe expyyded uncertainty of the measurement, where k=2. lslon eport 9 5-01 rev a Page 65 of 72 November 11, 2009 

Standards Utilized 
DueDate 
07/29/2009 

11/04/2009 

01/24/2010 

-Gal.-Date 

01/29/2009 

05/04/2009 

01/24/2009 

I.D. No,. 
51-01252 

51-01347 

S1-03686 

l@bi~eefi~: Y z - =: *- :z:*: - -  
5 3 3 5 ~  OPT 010,20304o 

3325A 

91 0 

Manufacturer - - - '. L- 

Hewlett Packard 

Hewlett Packard 

Fluke 

* - 
~&&pjiori: - --&:--- s - L . - - _ - 
Counter, Universal 

Generator, Function, Synthesizer 

Standard, Frequency, Controlled, Gps 



MedCnts CPM: I'osio,~ 2.1.2 (ProJc.sr;o~mlJ 

Src DUI: (9548AF3D-C74D-.IC9F.AEEF-'-?IEF56ODCdSI~ (c) 
Doc DUI: (,IB IOT;J7&4CSF46S0-9ICB-~lOSA72E361CI) (0) 

Test No. 573794 
Custom Specification Report 

Asset No. 160023 Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

ATTACHMENT 2 
Page 1 of 2 
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Out 
of 

 TO^ 
ASLEFT 

CALIBRATION 
TOLERANCE AS FOUND 
----- 

49.50 to 50.50 HZ 
[EMU 0.000250] -- 

99.0 to 101.0 Hz 
[EMU 0.000500j --- 

198.0 to 202.0 Hz  
[EMU 0.001000] 

495.0 to 505.0 Hz 
[EMU 0.0025001 

- - 

990 to 1010 Hz 
[EMU 0.005000] --- - 

1980 to 2020 Hz 
[EMU 0.010000] -- -- 

49.50 to 50.50 H Z  
[EMU 0.0002501 

99.0 to 101.0 Hz 
[EMU 0.000500] ----- -- 

198.0 to 202.0 H z  
[EMU 0.001000] 

495.0 to 505.0 Hz  
[EMU 0.002500] 
---- 

990 to  1010 Hz 
[EMU 0.005000] 

-- -- 

1980 t o  2020 Hz  
[EMU 0.010000] 

49.50 to  50.50 Hz  
[EMU 0.000250] --- - 

99.0 to 101.0 Hz  
[EMU 0.000500] 

- 

198.0 t o  202.0 Hz  

NOMINAL 
VALUE 

STEP 
NUM 

Same 

Same 

Same 
- 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

FUNCTION 
TESTED 

50.00 

100.0 

200.0 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

1000 

2000 

50.00 

100.0 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz  

- 

200.0 

500.0 
-- 

Same 

Same 

CH HN 
Frequency 
Sine Wave 

[EMU 0.001000] _ _ - - -  - 

495.0 t o  505.0 Hz 
[EMU 0.002500] 

- 

200.0 Hz  
P 

500.0 Hz 

--- 

_ . 

2000 Hz  

50.00 Hz 

100.0 Hz 

200.0 Hz  

500.0 Hz  

1000 Hz 

2000 Hz 

50.00 HZ 
- -- 

100.0 Hz  
-- 

I 

CH HR 
Frequency 
Slne Wave 

I 

I 

I 

I 

I 

I 

I 

I 

I 
__---- 

I 

I 

.- 

Remarks: 

CH v 
Frequency 
S ~ n e  Wave ----- 

I 
- 
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SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: OYO Model no.: 3403 
Serial no.: 160023 Calibration date: 711 712009 
By: Craig Branson Due date: 7/17/2010 

Counter mfg.: 
Serial no.: 
By: 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: 1/29/2009 
SCE #S1-01252 Due date: 7/29/2009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 

By: SCE #S1-01347 Due date: 1 1/4/2009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 
Delay: 

8 
I OKHz 
See sample period in table below 
0 

Stack (1 std) 1 
System date = correct date and time 711 712009 / O Y O I  

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +/- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*100)% As found As left -0. 1 1 -[ 

Calibrated by: Craig Branson 711 712009 
Name Date / Signature 

Average 
Frequency 

V (Hz) 
50,oO 
/ B q o  
r-. s 
580. 0 ,  
9qa.q 

Witnessed by: Robert Steller 711 712009 
Name Date Sianature . .-...- - - "  - 

Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 July 21 , 2008 1 

Time for 
9 cycles 
V (msec) 
Ibo.oO 

4 0 . ~ 0  
G 5 . a ~  
1'8.00 
7. Q / 6  

4, $00 

Time for 
9 cycles 

Hr (msec) 
I g0.0o 
q o . ~ s  
4 5 ,  Q O  

1 2 . W  
q . D ~ o  
g.500 

Time for 
9 cycles 

Hn (msec) 
l s o ,  00 

60m 
y 5 . m  
( g . 0 0  
9.000 
4,500 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

GEOVision Report 9375-01 rev a 

Average 
Frequency 

Hr (Hz) 
50.00 

/ O O . O  

too. a 
500.0 
/06Q 

Laso 

Average 
Frequency 

Hn (Hz) 
5 0 . 0 ~  
/QO.O 

zos.o 
500.0 
/Q@O 

2 6 0 0  

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Sample 
Period 

(micros) 
200 
100 
5 0 
20 
10 
5 
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File 
Name 

401 
402 
403 
404 
405 
406 
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SON ESB'" CalibrationReport 

a .YJ"V\ -- 
Page 7 of 4 

M:etlroliogy 
7300 Fen~.\lick I..ane 
Westminster, CA 92683 

GEOVision Geophysical Services 
1 124 Oly~npic Drive 

Corona, CA 92881-3390 

'loll Free: 866-72.3-2257 
Lab Code: 105014-0 

Manufacturer: oyo  
Model Number: 3403 
Description: Unit, Suspension Telemetry 

Asset Number: 160024 
Serial Number: 160024 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

Ambient Tern~erature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0714 712009 
Calibration Due Date: 07/17/2010 

Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards 1 Jtilized - - - - - - -. . - - - - - - . - - - - - . 
- .  I I.D. No. I Manufacturer' I~-odel No. - . . - ' --l~esci.i~tion 1 Cal. Date 1 Due Date 

--p-~ -- 

151-01252 I Hewlett Packard 15335~  OPT 01 0,203040 ( Counter, Universal 1 01/29/2009 1 07/29/2009 1 
S1-01347 I Hewlett Packard 13325~  I Generator, Function, Synthesizer 1 05/04/2009 1 11/04/2009 

S1-03686 I Fluke 191 0 I Standard, Frequency, Controlled, Gps 1 01/24/2009 / 01/24/2010 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the  client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISO/IEC 17025:2005, ANSIINCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the u n ~ e r t a ~ ~ ~ ~ ~ i ~ ~ p " ~ ~ x ~ ~ ~ ~ $ , u ~ ~ e ~ a i n t y  of the measurement, where k=2. 

Page 69 of 72 November 11, 2009 

Calibration Performed By: - 8 

Branson, Craig A (/k% Metrologist 714-895-0714 -- 
Nn~ne Tillc Pllone 

? "  

QudlitjlRevie~yerj' _ - - a - -  -s 1 

Nntnc 



Test No. 573795 
Asset No. 160024 

Custom Specification Report 
Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

Mti,IC,iu CPAC I'ersion 2.2.2 (Projcrsiorrtr~ ATTACHMENT 2 Customer 
Src DUI: (9548AF3D-C74D-4C9F-AEEF-ZIEFS6OBC451) (c) 

Doc DUI: (1?69COB2-3A13-J16,I-8IBFF4O9D9887DDDd) (0) page 1 of 2 
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CALIBRATION 
TOLERANCE 

49.50 to 50.50 Hz 
[EMU 0.0002501 

99.0 to 101.0 Hz 
[EMU 0.000500] 

- 

198.0 to 202.0 Hz 
[EMU 0.001000] 

-- 

495.0 to 505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000] 

- 

1980 to 2020 Hz 
[EMU 0.010000] 

49.50 to 50.50 Hz 
(EMU 0.000250] 

[EMU 0.000500] 
99.0 to 101.0 Hz 

- -- 

[EMU 0.001000] 
198.0 to 202.0 Hz 

-- 

495.0 to 505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
(EMU 0.005000] 

-- 

1980 to 2020 Hz 
[EMU 0.010000] 
- -- 

49.50 to 50.50 Hz 
[EMU 0.0002501 

-- 

99.0 to 101.0 Hz 
[EMU 0.0005001 

- - 

198.0 to 202.0 Hz 
[EMU 0.001000] 

- 

495.0 to 505.0 Hz 
[EMU 0.002500] --- 

Out 
of 

 TO^ 

-- 

-- 

ASLEFT 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 
- 

Same 

Same 

AS FOUND 

50.00 

100.0 

200.2 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

1001 

2000 

50.00 

100.0 

200.0 

500.0 

NOMINAL 
VALUE 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 
-- 

100.0 Hz 
-- 

200.0 Hz 

500.0 Hz 

STEP 
NUM 

-- 

-- 

- 

-- 

- 

-- 

- 

- -  

FUNCTION 
TESTED 

CH HN 
F~equency 
Sine Wave 

I 
--- 

I 
- 

I 

I 
-- 

I 

CH HR 
FI equency 
S ~ n e  Wave 

I 

I 

I 

I 

I 
-- 

CN V 
FI equency 
Sme Wave 

-- ---E- 
Remarlts: 



hi~rdCnls CPA4: J'errio,~ 7.2.2 (Profc~rio~lol) 
Src DUI: (954B~IF3D-C74D-~IC91;-,IEEF-2/flF56OBC451) (c) 
Doc DUI: (1269CO83-3A13-416A-818F-409D9887DDDd) (0) 

Test No. 573795 
Custom Specification Report 

ATTACHMENT 2 
Page 2 of 2 

Customer 

Page 3 of 4 

CALIBRATION 
TOLERANCE 

990 to 1010 HZ 
[EMU 0.005000] 

1980 to 2020 Hz 
[EMU 0.010000] 

- 

- - 

-- 
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Out 
of 

To1 -- 

Telemetry, 

ASLEFT 
-- 

Same 

Same 

Unit, Suspension 

AS FOUND 

1000 

2000 

- 

Oyo 3403 

NOMINAL 
VALUE 

-- 

1000 Hz 

2000 Hz 

-- 

Asset No. 

STEP 
NUM 

- - 

- -  - 

- 

--- 

-- 

- 

.- - - 

- 

160024 

FUNCTION 
TESTED 

- 

CH V 
FI equency 
Sine Wave 

I 

-- 

- 

- - 

-- 

. - 

- 

-- 

-- - 

-- - 

- 

- 

- 

- -- 

- 

- -- 

-- 

- -- - 



SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: OYO Model no.: 3403 
Serial no.: 160024 Calibration date: 711 712009 
By: Craig Branson Due date: 711 71201 0 

Counter mfg.: 
Serial no.: 
By: 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: I /29/2009 
SCE #S1-01252 Due date: 712912009 

Sianal aenerator mfa.: Hewlett-Packard Model no.: 3325A u .I " 

Serial no.: 2652A25647 Calibration date: 51412009 

By: SCE #S1-01347 Due date: 1 1 I412009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 

10KHz 
See sample period in table below 

Delay: 0 
Stack (1 std) 1 
System date = correct date and time 711 712009 /037 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps tile. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*l 00)% As found 

Calibrated by: Craig Branson 711 712009 
Name Date V~ignature 

Witnessed by: 

Suspension PS Seismic RecorderlLogger Calibration Data Form Rev 2.0 July 21 , 2008 1 

Average 
Frequency 

V (Hz) 
50. "0. 
/Q@. 0 

Z e 0 . 0  

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
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500.0 
do00 
2000 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 

November 11,2009 

500.0 
1000 
2000 

Sample 
Period 

(micros) 
200 
100 
5 0 
20 
10 
5 

File 
Name 

501 
502 
503 
504 
505 
506 

Time for 
9 cycles 

Hn (msec) 
( 9 D . i ~ o  

90.so 
4Y.95 
13.00 
? . ~ O O  

Y , F a o  

Average 
Frequency 

Hn (Hz) 
50.00 

/ O D . &  

Z Q ? ~  
goo.@ ( g . 0 0  Tw.0 8.00 yao. o 

/ 000  , 9 4 0  OQ Q 0 6  0 

Time for 
9 cycles 

Hr (msec) 
/ 8 0 . ~  
q g o o  
L($,Q@ 

Average 
Frequency 

Hr (HZ) 
50.00 
/ a o . ~  
ZQQ.0 

Time for 
9 cycles 

V (msec) 
. 

9 0.00 

45.00 



APPENDIX E. LABORATORY SOIL TEST RESULTS 





ONE-DIMENSIONAL CONSOLIDATION OF SOIL 
ASTM D-2435 1 CT-219 

Device No. : 1 

'reject Name 
'roject No. 
3oring No. 
sample No. 
lepth ( f t l m )  
:ile No. 
;oil Description 
tlcthod ( A ) 
dcthod ( B ) 

: ACTA/Schuyler Heim Bridge Project 
: 06-123-3 Set up By : J. F Date : 11/13/2009 
: A-09-051 Tested By : J.F/R.J. Date : 11M3/09-11/23/0 
: 0-8 Time Rate Took By : J. F Date : 1 1/16/09,1 IMB/O 
: 40.0 /12.20 Computer By : JF Date : 1 1/24/2009 

Checked By : R. J. Date : 
: Dark gray, SANDY SILT (ML) 
: a ~ o n s t a n t  load increment duration of 24 hours or multiples there for. Minium of two Time -defonation reading are required. 

: n~ime-deformat ion reading are required on all load increments. Successive load increments are applied after 100 % primary 1 
consolidation is reached, or at constant time increments are described in Test Method I A ) 



A CTA/Schuyler Heim Bridge Project 











DIRECT SHEAR TEST 

ASTM D-3080-04 

Project No. : 06-123-3 Project Name : ACTAlSchuyler Heim Bridge Project 

Normal Stress 



Boring No. : A-09-051 0.00 ( 1 4  0 07 (ks9 
Strength Intercept (C) : 

Sample No. : D-6 0.00 ( W a )  Peal< 3.26 (ma) Ultimate 

Depth (ft/m) : 30.0 10.00 Friction Angle ( 4 ) : 39.35 Degree 30.71 Degree 

Description : Dark olive-gray, Poorly graded SAND with SILT (SP-SM) Shear Rate ( ~ n c h / r n ~ n u l c )  : 0.02 
MOISTURE DRY DENSITY VOID NORMAL STRESS PEAK STRESS ULTIMATE STRESS 

SYMBOL 
CONTENT(%) ( P C ~ )  (mlm3) RATIO (ksf) (]#a) (kso (Wa) (&T) 1 (ma)  

+% 26 09 9857 15.52 0 71 2 00 95 76 1 6 8  8044 1.31 1 6263 

@ 26 03 9828 1547 0 72 4 00 191 52 3 13 149 96 2.34 112 04 

A 24 65 10271 16 17 0 64 600  28728 5 0 0  23959 3.68 17639 





REGULAR HYDROMETER TEST 
ASTR4 D-422-63 (Reapproved 1990) / CT - 203 

Project Name : ACTA/Schuyler Heim Bridge Project 
-- --- 

Project No. : 06-123-3 Tested Standard : [7 ASTM CAL. TRANS. 

t. of Dry Soil (gnl) 

Moisture Content ('%,) 0.01328 21.0 

U S .  Sieve 
Size 

2.5" 

2.0" 

1.5" 

1.0" 

314" 

112" 

318" 

No. 4 - 
No. 8 

- 

No. 10 

'%, Finer 
Than 

100.00 

99.95 

Cumulative Wt. 
of Dry Soil (gm) 

0.00 
- -. - 

0.04 
- - - 

Liquid 
Limit 

41 

Plastic 
Limit 

24 

Plastic 
Index 

17 

\?It. of Dry 
Soil (gm) 

-- 

- -- 

U.S. Sieve 
Size 

No. 16 

No. 20 

No- 30 

~ ~ - 4 0  

No. 50 

No. 60 

No. 100 
-- 

No.140 
- -- 

No. 200 

Pan 

Cumulative Weight 
of Dry Soil (gm) 

0.18 

0.29 

0.61 

3.04 

--- 
29.84 

Wt. of Dry 
Soil (gm) 

'%, Finer 
Than 

99.77 

99.63 

99.23 

96.14 

62.16 

'%I Total 
Samltle 

99.77 

99.63 

99.23 

96.14 

62.16 





REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

Project Name : ACTA/Schuyler Heim Bridge Project 

Project No. : 06-123-3 Tested Standard : C]  A S T M  CAL. TRANS. 

for difference S.G. 

Obersvcd I E L  

1 Temp. 
Time Time (min) ( oC) 

Hydrometer Reading '3 T o t  i n  1 I Correction 
Correction Coefficient 

Sample Diameter Dia. (mm) 

(mm) (Dl 

Cu: 21.3 Gravel Sand Fine 
Retaining on #4 are shell fragments 

cc: 5.1 0 45 55 



US Standard Sieve Sizes RIydrometer Analysis 1 

1 0.1 
Grain Size (mm) 

Gravel Sand 
Cobbles Fine 

Silt or Clay 
Coarse I Coarse I Medium Fine 

Boring Sample Depth 
Symbol Soil Color Soil Description U.S.C.S. 

Number Number ( f t )  
@ A-09-052 S-9 45, 0 I 1 dark greenish gray Sandy silt ML 

I 

I Remark I Retaining on M are shell fragments 

I I 
Earth Mechanics, I~c. ACTA/Schuy/er Heim Bridge Project GRAIN SIZE ANALUSIS 
Geoiechnicui und Eurtliquuke Engineering (ASTM D-422-63) 

Pro,ject NO. : 06-123-3 1 Date : 12/07/09 Figure NO. : 



ONE-DIMENSIONAL CONSOLIDATION OF SOIL 
ASTM D-2435 1 CT-219 

Device No. : 4 

'reject Name : ACTA/Schuyler Heim Bridge Project 
'reject No. : 06-123-3 Set up By : J. F Date : 11/13/2009 
3oring No. : A-09-052 TestedBy: J.F/R.J. Date : I 1/13/09-11/23/0 
Sample No. : D-6 Time Rate Took By : J. F Date : I ?/I 6/09,11/18/0 
) e p t h ( f t l m )  :30.0 19.15 Computer By : JF Date : 11/24/2009 
=ile No. Checked By : R. J. Date : 
Soil Description : Gray, SANDYlean CLAY (CL) 
Method ( A ) : m ~ o n s t a n t  load increment duration of 24 hours or multiples there for. Minium of two Time -defomlation reading are required. 

Method ( B ) : UTime-defom~ation reading are required on all load increments. Successive load increments are applied after 100 % primary I 
consolidation is reached, or at constant time increments are described in Test Method ( A ) 

Sample 1 ( inch) I ( m m )  I Vertical ~ o a d l  ( k s f )  I ( k P a )  I Vertical Load ( ksf) ( 1cPa) 

Internal Diameter 1 2.42 ( 61.47 1 Add Water at1 0.50 1 23.94 1 Reload to 1 

Rcmarlc : Final Dial Reading 0.1456 I 



Compressive Stress in (ksf) 

ACTA/Schuyler Heim Bridge Project 









Square Root of Time (minutes) 

0.1000 

0.1050 

E . w 
0.1100 w 

E 
0 . w 
.c, 
cZ 
E 
L 

(EI 
0.1150 z 

0.1200 

0.1250 

0 5 10 15 20 25 30 35 40 

' =  Earth Mechanics, Inc. -+gp ,: ... l c .Ill. lmlnn* E.r t ,q  us,,. E,,d,l.cr ,,,x 

EM1 Project No. : 06-123-3 

ACTAKchuyler Heim Bridge Project One-Dimensional Consolidation of  Soil 
Time-Deformation Curve (Square Root of Tirnc Method) 

Veritcal Load (laf/bpa) : 4.0 191.5 

Boring NO. : A-09-052 

Sample No. : D-6 

Depth (rum) : 30.0 9.2 



ONE-DIMENSIONAL CONSOLIDATION OF SOIL 
ASTM D-2435 1 CT-219 

Device No. : 4 

'roject Name : ACTA/Schuyler Heim Bridge Project 
'roject No. : 06-123-3 Set up By : J. F Date : 1 1/13/2009 
3oring No. : A-09-052 Tested By : J.F/R.J. Date : 1 ?/I 3/09-11/23/0 
;ample No. : D-8 Time Rate Took By : J. F Date : 11/16/09, I I/? 8/0 
Iepth ( f i l m )  : 40.0 112.20 Computer By : JF Date : 7 1/24/2009 
'ile No. Checked By : R. J. Date : 
;oil Description : Darkgray, SANDY SILT (ML) 
aethod ( A ) : O c o n s t a n t  load increment duration of 24 hours or multiples there for. Minium of two Time -deformation reading are required. 

vlethod ( B ) : Oi'ime-deformation reading are required on all load increments. Successive load Increments are applied after 100 % primary 7 
consolidation is reached, or at constant time increments are described in Test Method 1 A . . 

Weight of wet soil + ring + contai 
Weight of dry soil + ring + contai 

Weight of contai 













DIRECT SHEAR TEST 

ASTM D-3080-04 

Project No. : 06-123-3 Project Name : ACTAlSchuyler Heim Bridge Project 

Normal Stress 







REGULAR HYDROMETER TEST 
ASTRl D-422-63 (Reapproved 1990) / CT - 203 

Tested By : PA 

- 

: dark greenish gray, SILT (ML) Calculated By : JF Date : 12/07/09 

Checked By: R. J. 

Wt. of Dry 
Soil (gm) 

U.S. Sicve 
Size 

2.5" - 
2.0" 

- 

1.5" - 
1.0'' -- -- -. - 
314" 

112" 

318" 

No. 4 

No. 8 

No. 10 

'MB Finer 
Than 

100.00 

100.00 

Cumulative Wt. 
of Dry Soil (gm) 

-- -- -- 

- 
0.00 

0.00 

U.S. Sieve 
Size 

No. 16 

No. 20 

No. 30 

NO. 40 

No. 50 
-- 

No. 60 

No. 100 

No. 140 

No. 200 

Pan 

Liquid 
Limit 

42 

Plastic 
Limit 

27 

Plastic 
Index 

15 

Cumulative Weight 
of Dry Soil (gm) 

0.01 

0.02 

0.07 

0.59 

8.54 

Wt. of Dry 
Soil (gm) 

' X ,  Finer 
Than 

99.98 

99.97 

99.89 

99.10 

86.98 

'%t Total 
Sample 

9 9 . 9 8  

99.97 

99.89 

99. I 0  

86.98 



(ASTM D-422-63) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203  

Project Name : ACTAISchuyler Heim Bridge Project 

Project No. : 06-123-3 Tested Standard : ASTM CAL. TRANS. 

Obersved EL. Temp. Hydrometer Reading 100 Ra 

1.5" 

1.0" 

314" 

112" 

318" 

No. 4 

No. 8 

No. 10 

I/. ~ o t a l  I  rain I Correction Coefficient 
Sample Diameter 

Correction 
Dia. (mm) 

0.00 

0.00 
- 

1440 21.5 18.0 5.0 13.0 1 19.68 19.68 1 0.00100 0.01328 14.2 0.00132 

CU : Gravel Sand Fine 
Rcmarlc : 

CC : n 7 93 

100.00 

700.00 

Plastic 
Limit 

29 

Plastic 
Index 

17 

N o  30 

No. 40 

No. 50 

No. 60 

No. 100 

No.140 

No. 200 

Pan 

0.03 

0.05 

0.21 

4.31 
' I  _ "  

- .i;*Ya " - 

99.95 

99.92 

99.68 

93.41 
r (  - 

99.95 

99.92 

99.68 

93.41 

J - -  , - B -  - - "I 





ONE-DIMENSIONAL CONSOLIDATION OF SOIL 
ASTM D-2435 1 CT-219 

Device No. : 4 

Project Name 
Project No. 
Boring No. 
Sample No. 
Depth ( f t l m )  
File No. 
Soil Description 
Method ( A ) 
Method ( B ) 

: 06- 123-3 Set u p  By : J.F Date : 1 1/13/2009 
: A-09-053 TestedBy: J.F/R.J. 
: 0-8  Time Rate Took By : J. F 
: 40.0 /12.20 Computer By : JF Date : 11/24/2009 

Checked By : R. J. Date : 
: Dark gray, SANDY SILT (ML) 
: m ~ o n s t a n t  load increment duration of 24 hours or multiples there for. Minium of two Time -deformation reading are required. 

: UTime-deformation reading are required on all load increments. Successive load increments are applied after 100 % primaty 
cansolidation is reached, or at canstant time increments are described in Test Method ( A )  
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- Earth Mechanics, Inc. 
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EM1 Project No. : 06-123-3 

A CTA/Schuyler Heim Bridge Project One-Dimensional Consolidation of Soil 
Ttrne-Deforrnatlon Curve (Square Root olTtme Mettlod) 

Veritcrl Load (lafllcpa) : I 0 47 9 

Boring- No. : A-09-053 

Sample No. : D-8 

Depth (film) : 40 0 12 2 







ONE-DIMENSIONAL CONSOLIDATION OF SOIL 
ASTM D-2435 1 CT-219 

Device No. : 1 

Project Name 
Project No. 
Boring No. 
Sample No. 
Depth ( f t l  m )  
File No. 
Soil Description 
Method ( A ) 

: ACTA/Schuyler Heirn Bridge Project 
: 06-123-3 Set up By : J. F Date : 11/13/2009 
: A-09-053 Tested By : J.F/R.J. 
: D-10 Time Rate Took By : J. F Date : 1 1/16/09,1 IM8/0 
: 50.0 115.25 Computer By : JF Date : 11/24/2009 

Checked By : R. J. Date : 
: Dark gray, SILT with SAND (ML) 
: m ~ o n s t a n t  load increment duration of 24 hours or multiples there for. Minium of two Time -deformation reading are required. 

Method ( B ) : n ~ i m e - d e f o r m a t i o n  reading are required on all load increments. Successive load increments are applied after 100 % primary 1 
consolidation is reached, or at constant time increments are described in Test Method ( A  ) 

1 I I --- 

Remark : Final Dial Readino 0.1201 



Compressive Stress in (lrsf) 

A CTA/Schuyler Heim Bridge Project 

Project No. : 06-123-3 1 1/24/09 
CONSOLIDATION TEST 
( ASTM D-2435 / CT-219 ) 











DIRECT SHEAR TEST 

ASTM D-3080-04 

Project No. : 06-123-3 Project Name : ACTAISchuyler Heim Bridge Project 





DIRECT SHEAR TEST 

ASTM D-3080-04 

Project No. : 06-123-3 Project Name : ACTAISchuyler Heirn Bridge Project 





Boring Sample Sample Percent Fines 
No. No. Depth (ft) 

R-09-001 S-02 10 5.03 
R-09-001 S-04 2 0 3.29 

R-09-001 S-08 4 0 32.62 

R-09-001 S-12 6 0 49.91 

PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 





CORROSION TEST RESULTS 

AP Engineering & Testing, Inc. 

Cl~ent Name Earth Mechanics, Inc 

Project Name: ACTA Helm Br~dge Replacement 

Project No. 06-1 23-03 

R-09-001 

Resist~v~ty Test and pH. California Test Methods 532 and 643 

Sulfate Content Californ~a Test Method 417 

Chlor~de Content California Test Method 422 

ND = Not Detectable 

NA = Not Sufflc~ent Sample 

NR = Not Requested 

S-02 10 SP-SM 1400 7.4 158 407 



AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 1 11 3109 

Boring No.: R-09-001 Date: 12/01/09 

Sample No.: D-07 Depth (ft): 35 

Description: Dark Gray Poorly-Graded wlsilt 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

C] Residual Shearing 5 Passes Shear Distance (in): 

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks 

Number Ring Wt. (ksf) Reading (psf) Reading (psf) 

1 194.47 46.59 2.0 2028 1440 

2 188.74 43.43 4.0 2868 2400 

3 191.68 45.18 6.0 4092 3708 





AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name. ACTA Helm Br~dge Replacement Tested By Date: 1 1 / I  3/09 

Boring No . R-09-001 Date: 1 1/27/09 

Sample No : D-09 Depth (ft) 45 

Description Dark Gray S~lty Sand 

Sample Type Cal Mod 

Test Condition Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample + R~ng Wt Normal Load Max Shear Ultlmate Shear 

(ksf) Readlng (psf) Readlng (psf) 

190.67 43.48 

192.52 44.89 

192.43 46.44 

Sample Diameter (in) 2.41 5 

Sample Height (in) 1 .OO 

Total Soil+Ring Weight(g) 575.62 

Total Ring Weight (g) 134.81 

Wet Density (pcf) 122.20 

Dry Density (pcf) 94.37 





MOISTURE AND DENSITY BEST RESULTS 

Client Name. Earth Mechanics, Inc. Laboratory No . 
Project Name ACTA Helm Br~dge Replacement 

Project Number: 06-1 23-03 

Moisture Dry Density 



Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-001 D-I I 55 2.07 

POCKET PENETROMETER DATA 

Cl~ent Name. Earth Mechan~cs, Inc. Laboratory No . 
Project Name: ACTA Helm Brldge Replacement 

Project Number. 06-1 23-03 















PERCENT PASSING NO. 200 SIEVE 

Cllent Name Earth Mechan~cs, Inc Laboratory No 
ACTA Helm Brldge Replacement 

Percent Fines 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 111 2/09 
Project No.: 06-123-03 Checked By: AP Date: 12/01 109 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

One-point Test 

Number of Blows 

Boring Sample Depth 
Number Number (feet) 

R-09-002 S-10 

R-09-002 S-12 





CORROSION TEST RESULTS 

AP Engineering 8r Testing, Inc. 

Cl~ent Name Earth Mechanrcs, Inc. 

Project Name: ACTA Heim Br~dge Replacement 

ProjectNo: 06-123-03 

R-09-002 

Resistlv~ty Test and pH. California Test Methods 532 and 643 

Sulfate Content Cal~fornia Test Method 41 7 

Chloride Content Californra Test Method 422 

ND = Not Detectable 

NA = Not Suffrc~ent Sample 

NR = Not Requested 

S-02 10 S P-S M 1100 7.7 325 267 



AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 111 4/09 

Boring No.: R-09-002 Date: 12/01/09 

Sample No.: D-03 Depth (ft): 15 

Description: Dark Gray Sand with silt 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

C] Residual Shearing 5 Passes Shear Distance (in): 

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear 
Remarks 

Number Ring Wt. (ksf) Reading (psf) Reading (psf) 

1 191.90 45.15 1 .0 1248 696 

2 188.64 43.81 2.0 1620 1272 

3 189.94 45.72 4.0 3084 2604 





AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 111 4109 

Boring No.: R-09-002 Date: 12/01 109 

Sample No.: 0-07 Depth (fl): 35 

Description: Gray Sitly Sand 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

C] Residual Shearing 5 Passes Shear Distance (in): 

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks 

Number Ring Wt. (ksf) Reading (psf) Reading (psf) 

1 190.53 45.39 2.0 1368 1344 

2 188.75 44.69 4.0 2760 2628 

3 192.36 45.44 6.0 4080 3648 





iUlO!STeJWE AND DENSITY TEST RESULTS 

Client Name. Earth Mechanics, Inc. Laboratory No.. 

Project Name: ACTA Heim Bridge Replacement 

Project Number. 06-1 23-03 

Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) (PC~)  

R-09-002 D-01 5 17.3 109.8 

R-09-002 S-02 10 32.7 NA 

R-09-002 D-05 25 13.9 114.6 

R-09-002 S-08 40 31 .O NA 

R-09-002 S-I 0 5 0 35.2 N A 

R-09-002 D-I I 55 35.7 93.8 

R-09-002 5-1 2 60 26.1 NA 

R-09-002 S-14 70 35.0 NA 

R-09-002 S-15 75 33.7 NA 



GRAVEL SAND SILT OR CLAY 

COARSE FINE SOARSE MEDIUM FINE 

I I 

AP Engineering & Testing, lnc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 1 /I 9/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 1 1/24/09 

Date: 12/01 109 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand 
LL:PL:PI 

Fines 
ASTM 

(feet) D 2487 

0 R-09-002 S-10 50 3.23 36.02 60.75 29:23:6 ML 

R-09-002 S-15 75 0.68 13.21 86.11 NIA ML 



VERTICAL STRESS (ksf) 

-0-At Field Moisture +After Saturation 

Initial Dry Unit Weight (pcf): 89.1 

Initial Moisture Content (%): 35.7 

Final Moisture Content (%): 28.4 

Assumed Specific Gravity: 2.7 

Soil Description: Silt with sand Initial Void Ratio: 

CONSOLIDATION CURVE 
ASTM 0 2435 



Time (minutes) 

Soil Description: Silt with sand 
Vertical Pressure (ksf): 
Test Condition: -. . .. . -. -. .-.- ~. . . -~ -- - . _ ..-- . .. 

. . - 

. - - . 

CONSOLIDATION CURVE 
ASTM D 2435 



~cal Pressure (ksf): 

-- . -- ... . 

- . . . 

~ - --. . . - ... 

-. . . .- . . . - -- 

CONSOLIDATION CURVE 
ASTM D 2435 



1000 

Time (minutes) 

Vertical Pressure (ksf): 

.... .. 

Dial Reading (inches 

.. 

.. ..... 

- - .... .... .. 

............. 

- ......-. ......... ..... ... 

..... - . - .. ..... 

CONSOLIDATION CURVE 
ASTM D 2435 





SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008A 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 11/23/2009 SUMMARIZED BY: JT 



0 5 10 15 20 25 3 0 35 

Moisture Content % 

1 Boring No: R-09-038 

Maximum Dry Density = 129.5 pcf 

Optilnuln Moisture Content = 10 % 

Modified Proctor 

Sample: B-0 
Depth : 0-2 feet 

Description : SM 

. . .  . . . . . . . . .  ............ 
......... ....... ..... ....... ............ ...... ....*. ............. .. ........ ...., ... 

'*****I 

' 

Environmental 
Geotechnology 
Laboratory 

Project Name: 

Client Nane: 

Job No: 

ACTA Heim Bridge Replacement 

Earth Mechanics, Inc. 

06-123-03 
EGLProiectNo.: I 09-230-008A 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/22/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 
POCKET PENETROMETER 

PROJECT NAME ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/22/2009 SUMMARIZED BY: JT 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008A 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1211 812009 Summarized By: RJ 





06-1 23-03 

Earth Mechanics, Inc. 

09-230-008A 

12/7/2009 

R-09-038 

Silty sand (SM), dark brown 

Wet Weight (gms) 
Dry Weight (gms) 
Tare Weight (gms) 
Exudation Load (Ibs.) 
Total Weight (gms) 
Mold Weight (gms) 
Sample Weight (gms) 
Sample Height (in) 
Initial Expansion (x 10,000) 
Final Expansion (x 10,000) 
Expansion Pressure (psi) 
Ph @ 2000 Ibs 
D turns 
R-Value from Exudation 
Density (pcf) 
Moisture (%) 
Exudation Pressure (psi) 
Corrected R-Value from Exudation: 
Exudation Pressure (psi) 

1230 
1096 

0 
21 50 
291 5 
1783 
1132 
2.52 

0.0000 
0.0000 
0.0000 

92 
4.12 
31 

121.3 
12.2 
171 
31 
171 

R-Value at 300 psi exudation pressure = 43 I 

1220 
1096 

0 
51 00 
3058 
1920 
1138 
2.52 

0.0000 
0.0000 
0.0000 

59 
3.88 
52 

122.9 
11.3 
406 
52 

406 

Note: 
0.91 % Retained on 
314-inch Sieve 

121 0 
1096 

0 
7970 
3002 
1872 
1130 
2.49 

0.0000 
0.0016 
0.4848 

34 
3.6 
72 

124.6 
10.4 
635 
72 

635 

. . ENVIRONMENTAL .......- """. ...... ....... ...... GEOTECHNOLOGY ...._ ........ 
T..... ...,,r LABORATORY 

We 

Project Name: ACTA Heim Bridge Replacement 
Client: Earth Mechanics, Inc. 

Project No: 06-123-03 
EGL Project No: 09-230-008A 

R-VALUE TEST RESULTS 
12/30/09 FIGURE 2 





1 0.1 

GRAIN SIZE (mm) 

GRAVEL 

/project Name: 

COARSE I FINE ICOARS~ MEDIUM 1 FINE 

11 S STANDARD S I N E  OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" I-?/*" 3/4" 3/t3'' #4 # I 0  #20 #40 #I 00 #200 

SAND 

SYMBOL 

SILT OR CLAY 

BORING 
No. 

R-09-038 

1 :... ;____ 

,.......-- . . :  ...#". ENVI RONM ENTAL . . . . . , . ....+.. - , . , 8 .  " Eqxj GEOTECHNOLOGY 
f:::*'..r - LABORATORY 

ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 
EGL Project No: 09-230-008A 

SAMPLE 
No. 

U-06 

G RAl N S IZE 
DISTRIBUTION CURVE 

1 212 1 109 (ASTM D422) FIGURE 

DEPTH 

(FT) 

3 5 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

CH 

LIQUID 
LIMIT 

58 

PLASTICITY 
INDEX 

3 0 



II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER 

3" 1-x 3 / 4 1 ?  3/8'. #4 # I 0  #20 #40 # I00  #200 

GRAVEL 

HYDROMETER 

100 

100 10 1 0.1 

GRAIN SIZE (mm) 

COARSE I FINE ICOARS~ MEDIUM I FINE 

SAND SILT OR CLAY 

1 project Name: 

SYMBOL 

~ E G L  Project No: 09-230-008A 

GRAINSIZE 
DISTRIBUTION CURVE 

1 212 1 109 (ASTM D422) FIGURE 

BORING 
No. 

R-09-038 

. . . . . . . . . 
ENVl RONM ENTAL 

GEOTECHNOLOGY 
-w LABORATORY 

ACTA Heim Bridge Replacement 

Client: E a r t h  Mechanics, Inc. 

Job NO: 06-1 23-03 

SAMPLE 
No. 

U-08 

DEPTH 
(FT) 

46 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

ML 

LIQUID 
LIMIT 

26 

PLASTICITY 
INDEX 

2 





1l.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 %  3/411 3/81' #4 # I 0  #20 #40 #I 00 #200 

GRAVEL 

BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY 
SYMBOL 

No. No. (FT) TYPE TYPE LIMIT INDEX 

R-09-038 U-I I 6 1 Shelby 25 2 ML 
Tube 

COARSE I FINE 1 C O A R S ~  MEDIUM I FINE 

SAND SILT OR CLAY 



1 0.1 

GRAIN SIZE (mm) 

GRAVEL 

1 project Name: 1 

COARSE I FINE ICOARS l MEDIUM FINE 

II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

# I 0  #20 #40 # I  00 #200 

SAND 

SYMBOL 

SILT OR CLAY 

BORING 
No. 

R-09-038 

. . . . . . . . . 
ENV~RONM ENTAL 
GEOTECHNOLOGY - LABORATORY 

ACTA Heirn Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-1 23-03 
EGL Project No: 09-230-008A 

SAMPLE 
No. 

S-12 

GRAINSIZE 
DISTRIBUTION CURVE 

12/21/09 (ASTM D422) FIGURE 

DEPTH 

(FT) 

65 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

ML 

LIQUID 
LIMIT 

26 

PLASTICITY 
INDEX 

2 



GRAVEL SAND 

SYMBOL 
BORING 

No. 

R-09-038 

I SILT OR CLAY 
COARSE I FINE ICOARS I MEDIUM I FINE 

[ IS  STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 -I/*'' 3/4" 3/a" #4 # I 0  #20 #40 # I00 #200 

100 

90 

80 

I- 
I 70 2 
2 
>. 60 
m 
rx 
W 
z - 50 
LL 

k 
Z 
W 

40 
0 
IX 
W 
CL 30 

20 

10 

0 
100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mrn) 

.... 
. : . rZ i  ::.. ............. . . ENVIRONMENTAL ....... ............ , ...... 

GEOTECHNOLOGY 
y:z*A..,r - LABORATORY 

SAMPLE 
No. 

D-15 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth M e c h a n i c s ,  Inc. 

Job NO: 06-1 23-03 
EGL Project No: 09-230-008A 

GRAINSIZE 
DISTRIBUTION CURVE 

12/22/09 (ASTM D422) FIGURE 

DEPTH 
(FT) 

80 

PLASTICITY 
INDEX 

N/A 

SAMPLE 
TYPE 

Ring 

SOIL 
TYPE 

ML 

LIQUID 
LIMIT 

NP 



1I.S STANDARD SI U.S. STANDARD SIEVE NUMBER HYDROMETER 

100 

90 

80 

F 
I 
0 - 70 

2 
& 60 

Llr: 
W 
Z - 50 
U. 
I- 
z 
w 40 
0 
Llr: 
W 
a 30 

20 

10 

0 
100 10 1 0.1 0.01 

GRAIN SlZE (mrn) 

SYMBOL BORING NO 

R-09-038 

, ENVl RON M ENTAL 
....... " .::::: LL&~ .. GEOTECHNOLOGY 
7::yA"y - LABORATORY 

SAMPLE NO 

S-19 

Project Name: 
ACTA Heim Bridge Replacement 

client J O ~  NO.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008A 

GRAIN SlZE 
DISTRIBUTION CURVE 

Dec-09 
--- 

(ASTM D422) FIGURE 

DEPTH 
(FT) 

110 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

SM 

LIQUID 
LIMIT 

NIA 

P LAST1 C 
INDEX 

NIA 



0 1000 2000 3000 4000 5000 6000 

NORMAL PRESSURE (PSF) 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (%) (%) 

Boring No.: 

R-09-038 
- 

1 12/09 (ASTM D3080) ~ i ~ u r e l  

Sample 
No. 

D-05 

......... ............ 

Depth (ft) 

3 0 

DIRECT SHEAR 

ENVIRONMENTAL 

GEOTECHNOLOGY 

LABORATORY 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-1 23-03 

EGL Project No: 09-230-008 

Sample 
TY ~e 

Ring 

Soil Type 

SM 

Symbol 

0 

o 

Cohesion 

(PSF) 
275 
265 

Friction 
Angle 

34 
29 







10 100 

LOG OF TlME (MINUTE) 

Boring No: R-09-038 

Sample No: D-10-1 

Depth (ft): 55 

Soil Type: ML 

Normal Stress: 4.0 ksf 

I 0  20 30 

SQUARE ROOT OF TlME (MINUNTE) 

Project Name: ACTA Heim Bridge 

1 

TIME DEFORMATION CURVE 

Replacement 

ENVIRONMENTAL 

GEOTECHNOLOGY 

11 2/09 (ASTM D2435) Figure 

Earth Mechanics, Inc 

Project No: 06-123-03 

EGL Project No: 09-230-008A 



0 5 I 0  15 20 
AXIAL STRAIN (%) 

8 

- - 
V) 6 -  
% 
V) 
V) 
w 
tx 
l- 

4 
tx 

4 
I 
V) 

2 - 

0 ,  

/ I \ 

10 15 20 25 

NORMAL STRESS (PSI) 

Boring 

No 
R-09- 
03 8 

Depth 

(ft) 

35 

........ ............ " ENVIRONMENTAL .j:::k ............ ...... ...... ...... zi: GEOTECHNOLOGY - .......... " - 
y:.G%9' LABORATORY 

Sample 

No 

U-06 

Project Address: ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 
Job NO: 06-1 23-03 

EGL Project No: 09-230-008A 

UNCONSOLIDATED UNDRAINED 
(ASTM D2850) 

I 212 1 I09 Figure 

Soil 

Type 

CH 

Sample 

Type 
Shelby 
Tube 

Moisture 

Content 

(%) 

57.95 

Dry 
Density 

(pcf) 

66.5 

Effective 

Confined 

Pressure (psi) 

12.0 

Initial 

Saturation 

(%) 

102.2 

Maximum 

Deviator 

Stress (psi) 

9.5 

Strain 

Rate 

(inlmin) 

0.06 



AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

LABORATORY Earth Mechanics, Inc. 



90 

.--. 80 

70 - 
60 

W 

50 
co 

40 

5 30 
2 
0 20 
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0 

0 5 10 15 20 

AXIAL STRAIN (%) 

60 

50 
C 
co 
% 
v, 40 
co 
W 
rX 
k 
a 30 
lx 
Q 
W 
I 
co 20 

10 

0 
0 10 20 30 40 50 60 70 80 90 100 110 

NORMAL STRESS (PSI) 

Boring 

No 
R-09- 
03 8 

Depth 

(ft) 

6 1 

. . . . . . . .....:.:.... ENVIRONMENTAL :::::%:; .. . . . . . . . . .. ...... ...-.. ...... :is:: GEOTECHNOLOGY - ...... .... - 
~'c&+ LAB0 RATORY 

Sample 

No 

U-11 

Project Address: ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-123-03 

EGL Project No: 09-230-008A 

UNCONSOLIDATED UNDRAINED 
(ASTM D2850) 

1 212 1 109 Figure 

Soil 

Type 

ML 

Sample 

Type 

Tube 

Moisture 

Content 

(%) 

21.61 

Dry 
Density 

(pcf) 

105.2 

Effective 

Confined 

Pressure (psi) 

19.0 

Initial 

Saturation 

(%) 

97.0 

Maximum 

Deviator 

Stress (psi) 

85.9 

Strain 

Rate 

( inhin)  

0.06 



APPENDIX F. SITE SPECIFIC GROUND MOTION MEMORANDUM 



  
 
 

17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Schuyler Heim Bridge Firm-ground Reference Time History; Set 5 - FP
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Schuyler Heim Bridge Firm-ground Reference Time History; Set 6 - FP
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Schuyler Heim Bridge Firm-ground Reference Time History; Set 7 - FP
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 



 

 

APPENDIX G. REVIEW COMMENTS AND RESPONSES 

 



Rc: MSE Wall BDA Section 

Subject: Re: MSE Wall BDA Sectioil 
From: Seungwoon Hail <seungwoon - l~an@dot.ca.gov> 
Date: Mon, 12 Apr 2010 12:09:05 -0400 
To: Arid Arulmoli <asiili~~oli@eai.tl~~~ecl~.com> 
CC: Eric Brown <e.bsowl@eartl-~n~ecl~.coi~~>, "Haitao-Liu@dot.ca.gov" <Haitao Liu@doi.ca.gov>, 
Pal Wilson <P. Wilsoi~@eaitl~mecl~.coi~~>, Ranjan Gui~al-anjai~ <ra i~j rn@ea. t l~ i~~ec~.coi~~>,  Dell-Jeng 
Jang <dell-jeilgj mg@dot.ca.gov> 

Arul, 

As we discussed over the phone, I summarized our comments below. Please note that all comments 
below, and our previous comments on the bridges are applicable to all the wall reports. Also, I removed 
some of comments that we resolved during discussion. If you have any questions, Please contact us. 

Comments on retaining wall reports 

1. Please revisit idealized soil profile and parameters, and revise them if necessary. Especially when 
global slope and external stability is considered, a failure tend to develop through a weak layer, which 
should be considered in the design. Therefore, layers with averaged parameters may not represent the 
weak layers. Also confirm undrained residual strength of liquefiable layers. 

2. Please provide stability analysis for each phase construction if strength increase is considered with 
phase construction. 

3. Please check allowable static long-term and short-term settlement, and seismic induced settlement 
with the Structure. Especially, caltrans standard cantilever walls may not carry the settlement estimated 
in the report. Also, when calculating bearing capacity of the standard wall, settlement should be 
considered since settlement will control the footing design for most sandy soils. 

4. Backfill material and soil corrosivity requirement should conform to our standard special provision 
(SSP) for MSE wall. The requirement in SSP is more stringent than that in BDS. 

5. Please provide a table showing bearing capacity FOS and minimum strap length to meet external 
stability, global stability and settlement. 

6. Structural backfill is assumed to have a friction angie of 34 degree with zero cohesion, and 
compacted to a minimum 95 percent. 

7. For Wall A l ,  please check inputs regarding a spreadsheet, "Stress at Various Points Below an Earth 
Embankment." The Inputs for embankment geometry is not consistent with real embankment geometry. 

8. Please verify bearing pressure of MSE wall. Caltran will also check BDA provided by EM1 

9.For Wall H I ,  end bearing of ClDH pile for retaining wall should be limited to consider potential defect 
at the pile bottom during construction. Also, ClDH pile construction should comply to Caltrans SSP. 



A ACREE FULLY WILLCOhlPLY 
0 AGREE PMTLY SEENOTED EXCEPTION5 
? FIIWRRFF RFABOffiARENOlEO 

NO. 

1 

. - . - . . - - - 

D COIMENT HAS BEEN SUPERCEDED BY DESIGN DNELDPhIENT Page 1 of 3 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. 

Tab: Walls 65% PS&E 

Reviewed By: COMMENTS 

Please revisit idealized soil profile and parameters, and revise them if 
necessaiy. Especially when global slope and external stability is 
considered, a failure tend to develop through a weak layer, which should be 
considered in the design. Therefore, layers with averaged parameters may 
not represent the weak layers. Also confirm undrained residual strength of 
liquefiable layers. 

RESPONSE BY: 

Patrick Wilson 
(PW). 

Eric Brown (EB). 
K. Aml Arulmoli 
(KA). Kandiah 

Pratheepan (KP) 

ACTION 
REQ'D 

A 

RESPONSE 

I. Wall A i .  The residual shear strength for the liquefiable 
material between El. -5 ft and -22 ft was revised to be 
700 psf consistent with the lowest NI(6O-CS) blowcount 
in that layer; 13 bpf for R-09-0381 D-4. Revised global 
stability analysis indicates a pseudo-static factor of 
safety greater than 1.1, meeting Caltrans requirements. 
Revised global stability calculations are attached. 

II. Wall C1. The residual shear strength for the 
liquefiable material between El. -1 1 ft and -25 fl was 
discretized into two layers (1) the material between El. - 
11 ft to -20 ft revised to be 1200 psf consistent with the 
lowest Ni(60-CS) blowcount in that layer of 24 bpf for R. 
09.00915-4 and (2) material between El. -20 ft to -25 fl 
revised to be 600 psf consistent with the lowest Nl(60- 
CS) blowcount in that layerof 10 bpf for sample R-09- 
01 11s-5. Revised global stability calculations are 
attached. 

Ill. Walls EllE2. The critical layer in the global stability 
analysis is the material between El. -5 ft and -17 ft and 
is modeled as 600 psf, which is supported by triaxial 
test results performed on three different samples; R-09- 
033111-4, R-09-0341U-3 and R-09-0351U-3. 

IV. Walls GllG2. The idealized soil profile beneath walls 
GilG2 has been revised. The critical revision was the 
reduction of the undrained shear strength in the layer 
from -6 to -23 ft to 650 psf, which was verified as the 
most conservative strength in that layer, according to 
the lab test data. 

V. Wall Hi. The undrained shear strength of material 
between El. -5 ft and -30 fl was reduced from 750 psf to 
700 psf, which is supported by triaxial test results 
performed on samples R-09-0361U-5 and R-09-0371U-6. 

DATE 

STATUS 
(OPEN 1 
CLOSED) 



RESPOlBESFOR WTIi3tREaD 
A AGRCC FULLY WILLCOMPLY 
B AGRCE PARTLY SEENOTED EXCEPIIONS 
C DISAGREE REASONfi ARE NOTED 

MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E l  (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE 
Wall G I  (Bridgle No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H I  (Bridge No. 53-XXXX) 

D C O U I l E N i W  BEENSUPERCEDED BY DESIW OEVELWhlENl 
E OUESTIONONLY ANSWERTHEOUESTION 

Page 2 of 3 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 

Tab: Walls 65% PSRE 

COMMENTS 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

PWIEB IKA  

P W I  EB I KA I KP 

PW I EB I KA I KP 

PW I EB I KP 

FORM 

Caltrans District 7 
Geotechnical Design South - 2 

District-Co-Rte-PM: 

EA No.: 

DATE 

April 12. 2010 

ACTION 
REQ'D 

A 

A 

A 

A 

Milestone: 
Consultant: 

NO. 

2 

3 

4 

5 

SUBMITTAL REVIEW 

07-LA-47-PM (Varies) 
238501 

RESPONSE 

Will comply. Strength increase due to consolidation of 
fine grained layers was considered in the global stability 
analysis of MSE walls E1-E2 and MSE wall GI. Global 
stabiiity analysis for the temporary condition during 
constmction for these walls indicate a factor of safety 
greater than 1.25 for all wails. Global stability 
calculations for the temporary condition for these walls 
are attached. 
Will comply. Based upon our conversations with wall 
contractors, the allowable differential settlement for an 
MSE Wail is 1% along the wall length. Static and 
seismic settlement calculations indicate the anticipated 
differential settlements are within the tolerable limits for 
MSE walls. 

For retaining wall G2 (standard cantilever wall) the 
settlement analysis has been revised to account for the 
proposed staged constmction and indicates the 
anticipated static settlement beneath the proposed wall 
afterfooting construction is less than 4 inches with a 
maximum differential settlement of 2 inches along the 
wall length; which is considered within the tolerable 
limits of a Caltrans Standard Type 1 wall. The 
recommendations in the report have been revised to 
require that wall G2 should not be constucled until the 
settlment period for the embankment is complete (a 
temporary shoring wall will be required to retain the 
embankment during the settlement period). The revised 
settlement calculations are attached. 

The bearing capacity calculations for retaining wall G2 
have been revised according to the methodology 
proposed by Meyerhoff (1956) considering that the 
footing will be embedded in granular fill material 
compacted to 90% relative density. The revised bearing 

Will comply. The corrosion requirements for MSE 
backiill will be revised and are attached. 
Will comply. A table will be added lo the "Bearing 
Capacity" section that will list the FOS for bearing 
capacity and global stability for a range of strap lengths. 
A sample table for MSE Walls El-€2 is attached. 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. 

65% PSLE 
Earth Mechanics. 

Reviewed By: 

Inc. 

COMMENTS 

Please provide stability analysis for each phase construction if strength 
increase is considered with phase constmction. 

Please check allowable static long-term and short-term settlement, and 
seismic induced settlement with the Structure. Especially, caltrans standard 
cantilever walls may not carry the settlement estimated in the report. Also, 
when calculating bearing capacity of the standard wall, settlement should 
be considered since settlement will control the footing design for most 
sandy soils. 

Backfill material and soil corrosivity requirement should conform to our 
standard special provision (SSP) for MSE wall. The requirement in SSP is 
more stringent than that in BDS. 

Please provide a table showing bearing capacity FOS and minimum strap 
length to meet external stability, global stability and settlement. 



RCSWEES FOR ACTION REQD 
A AGREEFULLY WILLCOhlRY 
B AGREE PN(1LY SEE NOTCO EXCEPIIOIIS 

MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E l  (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE 
Wall G I  (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H I  (Bridge No. 53-XXXX) 

C DISAGREE REASWSARENOTED 
D COI.IMENT HN BEEN SUPERCEDED BY DESIW DEVELOPMENT 
E WESTIONONLY ANSWERTHE WESTION 

Page 3 of 3 

CURRENT 
STATUS 
(OPEN 1 
CLOSED) 

SUBMITTAL REVIEW COMMENTS FORM 

Tab: Walls 65% PS&E 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

PW I EB I KA I KP 

PW I EB I KA I KP 

PW 1 EB 1 KA 1 KP 

PW I EB I KA 

PW I EB I KA I KP 

P W I  E B I W  I K P  

PW EB KA KP 

Callrans District 7 
Geolechnical Design South - 2 

District-Co-Rte-PM: 

EA No.: 

DATE 

April 12, 2010 

07-LA-47-PM (Varies) 
238501 

Milestone: 
Consultant: 

NO. 

6 

7 

8 

9 

10 

11 

12 

ACTION 
REQ'D 

A 

A 

A 

A 

A 

A 

A 

65% PS&E 
Earth Mechanics, 

Reviewed By: 

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. RESPONSE 

Will comply. Idealized soil profiles and global stability 
analyses have been revised to reflect a 34 degreelzero 
cohesion material for structural backfill. 
Will comply. The stress calculations as part of the 
settlement analysis beneath MSE Wall A1 which now 
reflect the current geometry of the proposed 
embankment are attached. 
Will comply. Based upon our conversations with the 
designerj, the demand bearing pressures listed in the 
Caltrans BDA (2002) are suitable for use in determining 
demand bearing pressures for walls with a level bacMill 
and equivalent vehicle surcharge. 
Will comply. Axial capacity calculations have been 
revised to limit the end bearing to no more than 20% of 
the nominal resistance. Revised axial pile capacity 
calculations are attached. 

Also, the recommendations provided in Section 6.2 
"CIDH Pile Construction" have been confirmed to be in 
compliance with Caltrans SSP'S. 

Will comply. LOTB's have been revised to only show 
SPT blowcounts. 

Will comply. Settlement rate calculations have been 
revised to use the lowest consolidation coefficient 
determined from lab testing. Revised settlement 
calculations are attached. 
A section will be included to each report that addresses 
the settlment benath adjacent utilities. 

inc. 

COMMENTS 

Structural backfill is assumed to have a friction angle of 34 degree with zero 
cohesion, and compacted to a minimum 95 percent. 

For Wall AI, please check inputs regarding a spreadsheet, "Stress at 
Various Points Below an Earth Embankment." The Inputs for embankment 
geometry is not consistent with real embankment geometry. 

Please verify bearing pressure of MSE wall. Caltran will also check BDA 
provided by EMI. 

For Wall HI ,  end bearing of ClDH pile for retaining wall should be limited to 
consider potential defect at the pile bottom during const~clion. Also, ClDH 
pile construction should comply lo Caltrans SSP. 
From Review of Bridge Foundation Reports - Log of Test Borings. 
Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs. 

From Review of Bridge Foundation Reports - Consolidation Coefficient (CV) 
is a function of the effective overburden and pre-consolidation stress for a 
given soil. Please present the correlation curve between consolidation 
coefficient and applied vertical pressure, and select the lowest coefficient, or 
the coefficient value under the actual effective overburden by the end of 
construction for the settlement evaluation. 

Settlement of adjacent utilities. 



May 10,2010 
EM1 Project No. 06-1 23-03 

Alarneda Corridor Transpol-tation Authority 
One Civic Plaza, Suite 350 
Carson, California 90745 

Attention: Mr. Lucien Hersll, P.E. 
Project Manager 

Subject: Final Foundation Report, Retai~ing kkirll C6, Wall No. 53E0648 
Meclzn~icnlly Stabilized Eartlz (IwSE) Wall 
Los Aageles C~u:zty, Calvonzirz (7-LA-47, ,W 3.74., IFA 238501) 

Dear Mr. Hersh: 

Attached is ow Final Foundation Report for the subject retaking wall. This report presents the 
findings and conclusions of our geoteclmical investigation as well as analyses results and 
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1.0 INTRODUCTION 

1.1 Purpose Scope of Work 

This Foundation Report presents the findings and conclusiolls of a geotechlical investigation 
conducted by Earth Mechanics, Inc. (EMI) for the proposed Retaining Wall C1 in Los Angeles 
County, California. The report has been prepared in general accordance with Caltrans Gtlidelines 
for Fo~lzdation Investigation and Reports (Caltrans, 2006e). It presents results of ow  fotu~dation 
analyses and provides design and constluction recommendations to assist the bridge designers in 
preparing the project Plans, Specifications, and Estimates (PS&E) for the project. 

The geotechnical sesvices provided for this project included the following tasks: 

b Collection and review of existing geotechnical information; 
&a Field exploration consisting of drilling, sampling and logging exploratory borings; 
0 Laboratory testing of selected bulk and relatively undist~lrbed soil samples; 
e Engineering analysis to develop foundation design and construction recommendations; 
0 Preparation of this report presenting our findings, conclusions, and recormnendations. 

1.2 Project Description 

The Schuyler Heim Bridge Replacement and State Ro~lte-47 (SR-47) Expressway Project is a 
joint partnership between Caltrans and the Alameda Corridor Transportation Authority (ACTA). 
The project proposes to replace the seismically deficient Schuyler Heiln Bridge over Cerritos 
Channel and add a four-lane elevated roadway connection to Alanleda Street that will bypass 
three signalized intersections and five at-grade railroad crossings. The locatioll of the project is 
shown in Figure 1. 

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift 
bridge wit11 a fixed bridge with an elevated profile to provide a minim~m vertical clearance of 
47 ft in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The 
proposed bridge replacement project includes bridge structures along the soutl~bound exit ramps 
and northbound entrance ramps at New Dock Street and State Route-1 03 (SR-103). This report is 
prepared for proposed Retaining Wall C1 located on the east side of the approach embankment 
for the New Dock Street On-Ramp (Figure 2). 

The proposed wall, located on the east side of the New Dock Street On-Ramp approach 
embankment between about Sta. 212+42 and Sta. 213+73 ("C" Line), will be approximately 
13 1 ft long with retained heights varying from about 2 ft at the southern end of the wall to abo~lt 
16 ft at the northern end of the wall where it terminates at Abutment 6 of the New Dock Street 
On-Ramp. The wall is proposed to be a mechanically stabilized embadanent (MSE) wall. 



1.3 Limitations 

This report is intended for use by Alameda Col~idor Transportation Authority (ACTA), its 
design team members and the California Department of Transportation (Caltrans) for the 
proposed Retaining Wall C1. This report is based on the project as described herein and the 
information obtained from the exploratory borings at the approximate locations indicated on the 
attached plans. The findings and recommendations contained in this report are based on the 
results of the field investigation, laboratory tests, and engineering analyses. Also, soils and 
subsurface conditions encountered in the exploratoly borings are presumed to be representative 
of the project site; however, subsurface conditions and characteristics of soils between 
exploratory borings can vary. Findings reflect an interpretation of the direct evidence obtained. 
Recommendations presented herein are based on the assumption that an appropriate level of 
quality control and quality assurance (inspections and tests) will be provided during construction. 
EM1 should be notified of any pertinent changes in the project plans or if subsurface conditions 
are found to vary from those described herein. Modifications to the project plans or variations in 
subsurface colzditions nlay require re-evaluation of the recommendations contained in this report. 

The data, opinions, and recomnendations contained herein are applicable to the specific design 
elements and locations which are the subject of this report. Data, opinions, and recornendations 
herein have no applicability to any other design elements or to any other locations, and any and 
all subsequent users accept any and all liability resulting from any use or reuse o f  the data, 
opinions, and recommendations without the prior written consent of EMI. 

EM1 is not responsible for construction means, methods, techniques, sequences, or procedures, 
or for safety precautions or programs in connection with the construction, for the acts or 
omissions of the Contractor, or any other person performing any of the constmction, or for the 
failure of any worker to carry out the construction in accordance with the Final construction 
drawings and specifications. 

Services performed by EM1 were conducted in a manner consistent with that level of care and 
skill ordinarily exercised by members of the profession currently practicing in the same locality 
under similar conditions. No other representation, expressed or implied, and no warranty or 
guarantee is included or intended. 







2.0 FIELD INVESTIGATION AND LABORATORY TESTING 

2.1 Existing Information 

Existing subsurface information beneath the Schuyler Heim Bridge is available from reports 
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, Inc. (MAA, 1993) 
and Diaz-Yourman and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler 
Heirn Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade 
Separation Project, respectively. From these tlwee sources, the only borings in the vicinity of 
Retaining Wall C1 were those shown on the as-built Logs-of-Test-Boring (LOTB) sheets 
prepared by LKR for the seismic retrofit of tile Schuyler Heim Bridge. 

For the seismic retrofit project, a total of 20 cone penetration test (CPT) soundings and five 
rotary wash borings were perfomed along the entire Schuyler Heim Bridge alignment. Of those 
CPTYs and borings, three CPTs were performed near the proposed wall site. The CPT soundings 
penetrated to depths between 100 and 133 fi below existing grade with a deepest penetration to 
an elevation of - 134 ft. 

Copies of the as-built LOTB sheets prepared by LKR the seismic retrofit study are provided in 
Appendix A. 

2.2 Supplemental Field Exploration 

A geotechnical field investigation was conducted by EM1 for the entire project between October 
and November, 2009 which included a total of 22 hollow-stem auger borings, 42 rotary wash 
borings and 38 CPT soundings. Of that exploration program, two rotary wash borings and two 
CPT soundings were performed in the vicinity of Retaining Wall C1. The purpose of tlie 
exploraiions was to log subsurface conditions and collect soil samples from locations near the 
proposed wall. Soil exploration information is summarized in Table 1. Approximate locations of 
the explorations performed by EM1 for tlis project are shown on Figure 3 and on the LOTB 
sheets included at the end of this report. Upon completion, the exploration locations were 
surveyed by Wagner Engineering & Survey, Inc. (WES) under a subcontract with EMI- 

2.2.1 Soil Borings 

All of the borings surrounding the proposed wall were performed at grade in the undeveloped 
area near or beneath the existing New Dock Street on-ramp bridge, east of the mainline structure. 
The deepest boring penetrated down to about elevation -156 fi, approximately 155  ft below 
ground surface. 

The borings were performed by C&L Drilling Co. (C&L), under a subcontract with EMI, using a 
truck-mounted drill rig equipped with 5-in diameter tri-cone drill bit and a mud-rotary circulation 
drill system. Subsurface soils and conditions were logged and samples of soils were collected for 
laboratory testing. Large bulk samples of near-surface soils were logged and collected. Smaller 
soil sampies were collected from borings generally at 5 fi vertical intervals by means of split- 
spoon dive samplers; the Standard Penetration Test (SPT) sampler and the Modified California 



Drive (MCD) sampler were used to collect small disturbed and relatively undisturbed samples, 
respectively. The MGD is a split-basrel sampler with a tapered cutting tip and lined -with a series 
of 1 inch tall brass rings. The SPT sampler (1.4 inch ID) and MCD sampler (2.4 inch ID, 3.25 
inch OD) were driven using a 140 pound hammer falling 30 inches down a total depth of 18 
inches or until refusal. The blowcounts for the last ft of penetration were recorded on the boring 
logs. 

As part of the field investigation, SPT hammer energy nleasusements were perfomed by 
EarthSpectives (ES) under a subcontract wit11 EMI. Based on those measurements, the average 
hammer efficiency was 62 percent in the C&L borings. A copy of the ES report is provided in 
Appendix R. 

Roring geopllysical measurements were also collected by GeoVision under a subcontract with 
EM1 in six umcased borings as part of the project. Compression (P) and shear (S) wave velocities 
were measured along the entire boring depth at the six selected boring locations. A copy of the 
GeoVision report is provided in Appendix C. 

TABLE 1. SOIL EXPLORATION INFORMATION 

Approx. Approx. Bottom of 
Approx. Approx. Approx. Boring Line GWE Boring Elevation Method Station Offset (ft) GSE (ft) (ft, 

( ft) 

- - -- ........ .................... - 
CPT-09-076 Line 21 2t22.4 60.0 Lt -0.9 NR -92.1 CPT - - -- - . - ...... . - -- - - -- - - - - 
CP7'-09-077 213+86.4 61.3 Lt -0.8 NR -103.2 CPT 

Notes: I .  Top of boring elevations based zpon NAVD88. 
2. GSE = Ground Surface Elevation (estimatedJLom topographic plans). 
3. GP?E = Grotlndwater Elevation. 
4. R W = Rotary Wash, CPT = Cone Penetration Test. 

2.2.2 CPT Soundings 

The CPT soundings were also performed at grade in the undeveloped area near or beneath the 
existing New Dock Street on-ramp structure, east of the main bridge stn~ctuse. The deepest 
somiding was advm-ced down to elevation -103.2 ft, appro-ximately 102.4 ft below ground 
surface. 

Cone Penetrz~tion Test (CP'T) soundings were performed by Middle Earth Geo Testing, h c .  
(Middle Earth) under a subcontract with EMI, using an electronic cone penetrometer in general 
accordance with the current ASTM Standards (ASTM D5778 and ASTM D3441). The CPT 
equipment consisted of a cone penetrometer assembly mounted at the end of a series of hollow 
sounding rods. The cone penetrometer assembly consisted of a conical tip with a 60" apex angle 
and a prqjected cross sectional area of 1.55 in2 (10 cm2) and a cylindrical friction sleeve wit11 a 
surface area of 23.25 in2 (150 cin2). The interior of the cone penetrometer is instiumented with 
rstrai~: gauges t3at allov~ simultaneous iiieasmeinents of cone tip and friction sleeve resistance 



during penetration. The cone penetrometer assembly is continuously pushed into the soil by a set 
of hydraulic rams at a standard rate of 0.79 inch per second (20 mm per second) while the cone 
tip resistance and sleeve friction resistance are recorded every 1.967 inches (50 nun) and stored 
in digital form. A specially designed all wheel drive 25-ton truck provides the required reaction 
weight for pushing the cone assembly and is also used to transport and l~ouse the test equipment. 
The computer generated grapl~ical logs include cone resistance, friction resistance, and friction 
ratio. Soil bellavior type interpretations are based on guidelines by Robestson and Campanella 
(1989). 

2.3 Laboratory; Testing 

Laboratory tests were perfoimed to deteimine relevant physical characteristics and engineering 
properties of the in-situ soils at the site. Selected soil samples were tested to determine soil type 
and other physical and engineering propel-ties. A list of tests performed, the correspoading test 
methods, and purpose of testing is presented in Table 2. 

The laboratory soil tests were conducted in general accordance with Califomia Test (CT) 
methods or American Society for Testing and Materials (ASTM) standards. The distribution of 
labor~tory tests is shown on the LOTB sheets at the end of the report and test results are given in 
-4ppendix D. 

TABLE 2,EXP)LANATPON OF LABORATORY TESTS PERFORMED i 

I I Applicable Test 
I Tppeof Test i Purpose Method 1 r 
i Drv Densib? ! ASTM D2937 1 Estimate in-situ drv soil densitv ! 
i Moisttlre Content ASTM D 2216 1 Estimate in-siix soil moisture content c - -- . 2 -..-.---.- 

j - -- 
f No. 200 Wash ASTM D 1140 1 Determine the percentage of fine-grained particles of soil s 

I 

I Sieve Analysis & I 
I 

i 
I Hydrometer 

I ASTM D 422 1 Determine particle size distribution of soil 
i 

! Atterberg Limits ASTM D 4318 ! Detennine ~lasticitv of fme-rrrained soil 
1 i 

i . Specific,. Gravity ASTM D 854 1 Determine specific gravity of soil grains 
1 

I _ _ _ -  -- --..: . i 
I 

i Consolidation / ASTM D 2435 1 Determine compressibility of he-grained soil 
I UIJ Triaxial I ASTM D 2850 1 Estimate strendh ~arameters of fine-mained soil 

i I Direct Shear ; ASTM D 3080 j Estimate strength parameters of soil 
I C?' 643 Soil pH I Determine pH of soil for corrosion potential evaluation i 
L i I 

CT 643 
7 1 Minjmuni Resistivity I I Determine resistivity of soil for corrosion potential evaluation 

-I 

CT 417 /___-- Sulfate Content I I Determine sulfate in soil for corrosion ~otential evaluation 
/ Chloride Content 1 CT 422 Determine chloride in soil for corrosion potential evaluation I 

i 
i 

! i 
Notes. I .  ASTM = American SocietyJi3r Testing and Mc!terials. 1 

I 2. C7 - Cillijbmza Test Method. I 

i 





3.0 GEOLOGY 

3.1 Physiography 

The Schuyler Heim Bridge spans the Cerritos Channel in the Poi-t of Long Beach. Like most of 
the shipping channels within the poit, the Ceiritos channel is a man-made channel that was 
dredged into the former Wilmington Lagoon which was a coastal marshland wit11 abundant tidal 
channels, estuaries, and small marshy islands. The site area is in the coastal area of San Pedro 
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain 
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the 
northeast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the soutl~ (Figure 
4). The westenl margin of the basin is open to the Pacific Ocean except for one prominent hill, 
the Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the north from San 
Pedro Bay. The Palos Verdes Hills are a result of ~lplift along the Palos Verdes fault zone 
(Schell, 2007). 

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along 
the coastline to the surrounding mountains which then rise absuptly to a few thousand feet above 
the plain. The margins of the hills and mountains surrounding the basin are conmlonly elevated 
somewhat above the general level of these major plains by an apron of uplifted sediments such as 
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills. 

The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills such 
as the northwesterly alignment of hills and mesas called the Newport-Inglewood Structural 
Zone-NISZ (Figure 4). The NISZ extends from the Newport Bay area on the south to the 
Beverly Hills area on the nortll, and is a result of geologically recent folding and earthquake fault 
displacements. The NISZ divides the basin floor into two major plains, The Downey-Tustin 
Plain on the northeast and the Torrance plain (including the Long Beach Plain) on the southwest. 
The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5). 

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers. 
These rivers enter the basin through valleys or canyons in the surrounding mountains such as Los 
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin 
floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all minor 
tributaries in the Basin are confined within concrete-or rip-rap-lined channels but in the natural 
state they meandered back and forth across the Basin floor, commonly shifting outlets. For 
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay through 
Ballona gap and the San Gabriel River flowed into Wilmington Lagoon which is now occupied 
by the Port of Los Angeles. At present, the Los Angeles River flows to the Port of Long Beach- 
Los Angeles area. 

The floor of the Los Angeles Basin is directly underlain by unconsolidated Quaternary-age sandy 
sediments. These generally can be subdivided into loose unconsolidated Holocene-age 
sediments which cover the bullc of the basin, and the underlying Pleistocene-age materials of the 
Laltewood and San Pedro formations which are only exposed in some of the uplifts o f  the NISZ 
and the marginal plains. Hard rocks occur only in the mountains surrounding the basin and at 
depths ranging from a few thousand feet to as much as 30,000 feet in the deepest part of the 
central Los Angeles Basin. 



Except for the Newport-Inglewood and the Palos Verdes fault zones, most surface geological 
faults such as the Santa Ivlonica, Hollywood, and Whittier faults occur along the basin margins 
(Fig~ue 4). In Addition to these known surface faults, the Los Angeles region is underlain by 
buried th-ust and reverse faults. These are poorly understood features with poorly known 
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which 
make up the Puente Hills blind thnlst fault system, are examples (Figure 4). However, any large 
earthquakes associated with these subsurface features are most likely to originate at great depths 
(e.g, about 10 to 12 miles), and thus these should not impact the subject site significantly more 
than similar-sized earthquakes on the nearer Newport Inglewood or Palos Verdes faults. The 
1987 Whittier earthquake occurred on one of these subsurface faults (either the Santa Fe  Springs 
or the Coyote Hills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel 
Valley northeast of the site. The 1994 Northridge earthqualte occurred on a southerly dipping 
buried fault below the San Fernando Valley. 

3.2 Stratigraphy 

The project area is underlain by a sequence of geologic strata consistent with the general 
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart 
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles 
area. Review of the borehole logs drilled for tlis project, along with existing boring logs from 
other geotechnical studies and from published sources (e.g. Zielbauer, et al., 1962; Wright 1991; 
U.S. Geological Sui-vey, 2007; Schell, 2007), indicates similar strata. 

The uppermost deposits of most significance to the project were deposited d~~r ing  the last ice age 
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise i n  sea level 
was not constant but comprised several fluctuations. Interaction between the fluctuating sea 
level and sedimentary deposition from inland streams resulted in a con~plex association of 
irregular and discontinuous beds and lenses of marine and non-marine sedimentary strata. The 
major stratigraphic units underlying the project corridor are summarized below: 

1) The surficial strata consist of sandy alluvi~ml deposited by streams of the Los Angeles 
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along 
the coast during the past few thousand years (- past 5,000 to 7,000 years). These are 
about 20 to 30 feet thick. 

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays 
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These 
deposits occur at depths of' about 25 f 5  to 70 f 10 feet and represent primarily marine 
sediments deposited during the later stages of the most recent rise in sea level that began 
about 15,000 to 20,000 years ago. However, these deposits commonly contain sand and 
fine gravel lenses deposited by seasonal river flooding during intennittent wetter periods 
and storms inland. 

3) These are underlain by the Gaspur Formation which is coarser grained sand and gravel 
material deposited in a relict channel of the Los Angeles River that was cut when sea 
level was lower during the last ice age. As the climate warmed, sea level rose due to 
melting ice at the Polar ice caps and the shore line retreated inland. The Gaspur is about 
70 +10 feet to about 190 feet deep and consists of an upper primarily sandy unit and a 



deeper coasser sand and gravel unit. The gavels of the Gaspus chamel extend far inland 
and coil~prise a major aquifer in the Los Angeles area. 

4) The Gaspur channel was cut into older Pleistoce~le material of the Lakewood Folmation 
which is about 160 to 300 thousand years old. The Lakewood is partially marine and 
partially  loll marine that was deposited dusing previous Pleistocene ice ages. Eakewood 
sediments were intermittently exposed to susficial weathering resulting in desiccation, 
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to 
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Formation. 

5) The San Pedro Fornation extends to about 1100 %50 feet depth and coinprises gently 
tilted masine silts and sands overlying the folded Tertiary-age ~narine deposits (Pico, 
Repetto, Fernando formations), and the ancient igneous and metanlorpl.lic basement rocks 
at a depth of about 10,000 feet. 

TABLE 3. STRATIGRAPHY AND CORRELATION CHART, LONG BEACH AREA 

Zielbauer CA Dept. of 

and others Water 
Resources 

DuneIBeach Sand, 
Coastal Marsh, 

Holocene Transgressive Marine, Dominguez -45 ka Gaspur Gaspur 
Stream 

Alluvium 

Mesa Latest Pleistocene 

Older Dune Sand, - --- (-30-80 ka) -- 
Stream Alluvium, Near- pacific Early 0 stage 5 

Upper shore Marine, 200 ft sand Gage - (1 10-130 ka) 
P1eistocene Lakewood Fm (Marine Constrained between 

and Non Marine) Harbor 0 stage 5 and 9 
(-160-300 ka) 

Bent Spring 0 stage 9- 1 1 
(-300-450 ka) 

400 ft gravel Lynwood 
Upper 0 stage 12-14 

- w i G g t o n  (-475-580 ka) 
Lower 0 stage 15-17+ 

Wilmington (-580-<780 ka) 
Lower San Pedro Formation 

- 
Pleistocene -2.0 Ma or >2.6 Ma Upper 

from magnetic Silverado 
Pliocene A polarity and Silverado 

paleontology 

£rom magnetic Lower 
Pliocene B polarity and Silverado 

>2.6 Ma from 
Upper PicoEernando ~l iocene C magnetic polarity and Pico Pic0 

Pliocene Formation 
paleontology 



Units 1 through 3 were penetrated by many of the deeper on-land borings drilled for this 
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand samples are from 
the Gaspur Formation. The over-water borings generally penetrated deeper and extended 
through the Gaspur into the upper part of the Lakewood Fornlation. Other units of the 
stratigraphic succession (e.g. the Mesa and Pacific parts of the Lakewood Formation) are present 
in areas adjacent to the project area but were eroded away by the erosion that accomnpanied 
deposition of the Gaspur sediments and therefore are not important to the project. Likewise, the 
San Pedro formation is deep below the site and is not important to the project. 

3.3 Geologic Structure 

The regional geological structure was introduced above in the geological Setting. The project 
area is near the crest of the Wilmington Anticline (Figure 5) which is a west-northwest trending 
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late 
Pleistocene strata (Lakewood Formation) folm a thin veneer across the Wilmington fold and 
appear to be unaffected by the deeper folding and faulting. 

There are no known active faults at the project site. The nearest major active faults are the Palos 
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the northeast 
(Figures 4 and 5). The Thurns-Huntington Beach fault is deep below the surface (Figure 6). 
This fault is a thrust fa.ult dipping northeasterly at about 25-35 degrees. Some geoscientists 
suspect the fault is a potentially active blind thrust fault but high-resolution geophysical data 
clearly show the fault does 1101. displace sediments younger than 3 or 4 million years old (Schell, 
2007j. Furtliermore, the fault displacement diminishes toward the northwest and is virtually nil 
under the pro-iezt area (Figures 5 and 6). 

3.4 Seismicity 

The project site is in seismically active southern California. The present-day seisrnotectonic 
stress field in the Los Angeles region is one of north-northeasterly compression. This is 
indicated by the geologic structures, by earthquake focal-mechanism solutions, and b y  geodetic 
measurements. These data suggest crustal shortening of between 5 and 9 mm/yr across the 
greater Los Angeles area (Argus et al., 1999). 

Historical earthquake epicenter maps show widespread seismicity throughout the region. The 
larger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose 
clusters along the Newport-Inglewood Structural Zone, along the southern margin of the Santa 
Monica Mountains, along the northern side of the San Fernando Valley, the southern margin of 
Ihe Sa~n Gabriel Mounlains, and in the Coyote Hills-Puente Hills area. Although historical 
earLhquakes have occ~li-sed in proximity to known faults, they are oflen difficult t o  directly 
associate with mapped faults unless there was a surface rupture or a robust sequence of 
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be 
correlated with known faults. Part of the correlation difficulty is due to the fact that the basin is 
underlain by the subsurface blind thrust faults that are not likely to be discovered until they 
rupture during an earthquake. 



The largest historical earthquakes in the region were the 1994 Noi-tluidge and the 1971 San 
Fernando earthquake both of which occurred north of the Los Angeles Basin (Figure 7). The 
1994 earthquake had a moment niagnitude (Mw) of about 6.7 (Ms = 6.8, ML = 6.4), and occui-sed 
on a southerly dipping subsurface fault which was unknown prior to the earthquake. The main 
shock occul-red at a depth of about 12 miles below the community of Reseda in the S a ~ i  Feiilando 
Valley. Earthquake aftershocks clearly defined the rupture surface dipping about 3 5 degrees 
southerly from a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The ca~~sative fault 
was never identified with certainty, but it may have been 011 the eastern extension of the 
Oakridge fault (Yeats and Huftile, 1995), a southerly dipping fault bounding the Ventura Basin 
and dipping under the Santa Susana Mountains. 

The 1971 San Fernando earthquake was of similar size (Mw = 6.7, Ms = 6.4, ML = 6.4) to the 
1994 event but did involve surface rupture. The 1971 event occul-sed on a 1101-tllerly dipping 
thrust fault that dips from the northern side of the San Fesnando Valley to a depth o f  about 9 
miles under the San Gabriel Mountains. Several mapped surface faults such as the Sylmar fault, 
Tujunga fault, and Lakeview fault were involved. These faults are commonly considered to be 
part of tlle Sierra Madre fault system which extends easterly along the southern inargin of the 
San Gallriel Mountains from the San Fernando Valley to the north side of the San Gabriel 
Valley, and to the Cucmonga fault in the San Bernardino area. 

The largest historical earthquake in the Los Angeles region to have a major impact on  the site 
area was the 1933 Long Beach event which had a magnitude of about Mw = 6.4 (ML = 6.3). This 
earthquake did not lupture the surface but is believed to have been associated wit11 the Newport- 
Irlglewood Stl-uctural Zone because of the distribution of aftershocks and the abundance of 
ground disturbances in proximity to the fault zone (Figure 7). Although ground failuses were 
abundan? along the NlSZ trend, no unequivocal surface rupture was identified (Benioff, 1938). 
Reevaluatio~l of the seislnicity data by Hauksson and Gross (1991) led to relocation o f  the 1933 
earthqualie hypocenter to a depth of about 6 miles below the Huntington Beach-Newport Beach 
city boundary. 

The 1987 Whittier earthquake (ML = 5.9, Mw = 5.9) occurred on subsurface faults dipping under 
the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer, 1999; Shaw 
et al., 2002). This zone of faults is refersed to as the Puente Hills blind tlmst fault system 
(Figure 4). This event did not rupture the ground surface. 

Another significant earthquake in the Los Angeles region was the 1812 earthquake which caused 
damage at the San Juan Capistrano Mission. The location and magnitude of the 1812 earthquake 
are unknown because of the sparse population at the time, but geological studies (Jacoby et al., 
1987; Weldon et al., 2004) postulated that it did not occur in the Los Angeles Basin area, but 
rather, was a large (M> 7.0) distant event on the San Andreas fault in the Wrightwood area of the 
San Gabriel Mountains. 

The earliest documented earthquake in the region was reported by the Spanish Pol-tola' 
expedition as they camped near the Santa Ana River in 1769. This event has been attributed by 
various geoscientists to just about every fault in the Los Angeles area but it could just as well 
have been a distant event that shook a wide area as did the 1971 San Fei~lando, the 1987 
Whittier, and the 1994 Northidge events, as well as many other more-distant events (for 
example, the 1 8 12 or 1992 Landers events). 



3.5 Geologic Hazards 

3.5.1 Surface Fault Rupture 

No surficial faults are lcnown at the site, tllerefore the potential for ground rupture due to  fau~lting 
is negligible. The nearest major faults with a known potential for surface rupture are the 
Newport-Inglewood zone to the northeast and the Palos Verdes Hill fault to the southwest 
(Figures 4, 5 ,  and 6). 

3.5.2 Subsidence 

The gromd surface in the Long Beach Harbor area has undergone s~lbstantial lowering during 
the 20" century due to subsidence of the sediments and rocks underlying the area. Some of this 
subsidence rnay have been due to natural causes (e.g. natural ground-water decline, sediment 
compaction, tectonics, 1933 Long Beach earthquake). Harris (1 945) estimated natural 
subsidence of about half an inch per year. The principal cause of the subsidence has been 
attributed to withdrawal of oil and gas (Allen, 1984; Strehle, 1987), but ground-water extraction 
undoubtedly colltributed, perhaps 2 feet out of the 29 feet (7%), to the total subsidence. 

Subsidence accelerated with development of the Wilmington oil field in 1936. The area of 
subsidence forms a circular or bowl-shaped area centered on the northeast comer o f  Terminal 
Island (Figure 8 A j .  The r n a x i ~ ~ w n  subsidence in the center of the subsidence bowl is about 29 
feet. Subsidence along the Heim Bridge project corridor in the western part of the subsidence 
bowl was about 14 feet (Figure 8A). The maximum rate of subsidence reached about 2.4 feet per 
year by 1951. 'I'he subsidence was so great that dikes had to be built within the harbor area to 
prevent floodhg by sea water. Some of the subsided areas behind the dilces have recently been 
filled bringing the ground surface back to above sea level (- +15 feet). 

Subsidence was arrested by restoring pressure to the oil zones through injection of water into the 
oil wells. This has not only stopped subsidence but has resulted in some rebound, and also has 
been of economic benefit by driving more oil to the producing wells. Initial injection began in 
1953 but was not fully established until about 1958; by 1961 injection was widespread. 
Cessation of subsidence occum-ed within a couple years. Elevation rebound was noticed in 1958 
and reached a maximum by about 1964 with only minor fluctuations since. Maximum elevation 
rebowid has been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet 
(Figure 8B). 

The s~lbsidence did not cause significant damage to most surface facilities but it did damage oil 
wells at about 1,500-2,000 feet depth, and induced several small earthquakes. In all, about 500 
wells were damaged. Some of the oii well casings were sheared off or so severely damaged that 
the wells had to be abandoned and redrilled, 

Mathematical calculations indicate that up to 66 feet of subsidence could occur if allowed to 
continue mcl~eclted. To prevent and control hrther subsidence, injection must be maintained 
even after cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department 
(LBGOD) surveys elevation changes twice a year, and nlonitors oil field fluid injection designed 
to correct elevation changes. The LBGOD estimates sulvey acc~u-acy of about 0.24 inches; areas 



are collsidered to be stable if elevation changes are less than that (LBGOD, 2009). Bench marks 
rise and fall in a somewhat randonl manner that is not completely understood but injections do 
seem to colrect elevation changes. The conelation between injection and elevation rebound 
appears to be good, but it may take a few months to a year or so to be fillly realized. 

There are 3 "index" bench marks near the Heim Bridge; one at the north abutment and two more 
a little farther to the north. Several other bench marks are scattered around the bridge area. 
Based on measurements of these benchmarlts, it appears that subsidence of the Heim Bridge area 
has resumed since 1995 and total subsidellce of about 2 feet l ~a s  been observed in the Heim 
Bridge area since 1995. During the recent years, the annual subsidence rate seems to have 
decreased; Measurenlents were approximately 0.6 in. during the period between May 2007 and 
April 2008 and about 0.2 in during the period between November 2008 and April 2009 
(LBGOD, 2009). 

3.5.3 Flooding 

The flood inundation map in the Los Angeles County safety element of the General Plan (1990) 
indicates there is a flooding potential at the project site fioin failure of Hansen D a n  which is in 
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of 
when it is fill, is quite small and it is difficult to imagine that a significant flood surge could be 
maintained across the flat open terrain for the 30 t miles across the San Fernando Valley and 
Los Angeles Basin; therefore, the potential for flooding of the site is considered low. 

3.5.4 Tsunami and Seiche 

Tsunamis are sea waves generated by submarine earthquakes, landslides, and volcanic enlptions. 
Seiches are waves intelnal to an ellclosed or lighly restricted body of water that wash back and 
forth across the basin. S~nsller tsunamis may be common but their sun-ups are no more than 
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunamis 
are caused by submarine earthquakes with a magnitude of about 7 or larger. 

Most tsunamis to affect the Los Angeles-Long Beach harbor areas have been generated by 
distant earthquakes although California has had few locally generated, historic tsunamis, namely 
the 18 12 Smta Barbara earthquake and the 1927 Point Argue110 earthquake. According to 
Houston (1 979,  the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being 
tlle worst) indicating a potential for water run-ups of 5 to 15 feet. 

California has been stnick by several other significant tsunamis generated in the northem Pacific 
(f01 example, the 1946 Aleutian earthquake of MIY = 7.8 and 1964 Alaska event of MMJ = 9.2); and 
in the southern Pacific (1922 Chile earthquake of MW = 8.4 and the 1960 Chile event of MIV = 

9.5). The 1964 Alaska earthquake caused severe damage and 15 fatalities in northern California. 
In southern California, the most serious recorded tsunami was generated by the 1960 Chile 
earthquake. The greatest damage occurred in the Long Beach-Los Angeles Harbor where 5-foot- 
high seiche waves surged back a ~ d  forth in the channels. Currents of 12 knots were reported as 
the water rose and fell rapidly. A 6-foot drop in water level occurred in 1 minute at Long Beach 
and 3 foot drop in 5 minutes along the Cenitos Channel. The currents tore some 300 small boats 
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and yachts from the slips and as inany as 30 were sulk. Damage was estimated a t  between 
$500,000 to over $1,000,000. 

A comprehensive tsunami analysis for the poi-ts of Long Beach and Los Angeles by Moffat & 
Nichol (2007) basically coirfil-nled the tsunami hazard from distant events. The analysis included 
tsunamis generated by local sources such an earthquakes in the nearby offshore Southem 
California Continental Borderland, and by landslides off the Palos Verdes shelf. No tsunamis 
have been documented from such local events during historical times. These events are 
extremely rare with recurrence intervals up to about 10,000 years. The results of the analysis 
indicate that t l~e  maximum water level witlin the Cerritos channel near Heim bridge could be as 
ligh as about 11 feet. Cu i~e l~ t  speeds should be less than about 3 ftlsec. 
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A. GEOLOGIC CROSS SECTION A THROUGH EASTERN PORT OF LONG BEACH 

Notes I)  See Figure 5 For Location Of Cross Section Lines 

2) Source: Schell, 2007 
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4.0 SUBSURFACE CONDITIONS 

4.1 Subsurface Conditions 

Soil stratigraphy is defined by the available soils information and the exploratory borings and 
CPT soundings (described in Section 2) perfonned under the supervision of EM1 personnel for 
the project. Within the depths explored (down to about elevation -155.9 fi), the subsurface 
profile consists of about 75 ft of interlayered alluvial deposits overlying Gaspur Formation sand. 

At the subject wall site, natural grade lies at an elevation of about zero, with the approach 
embankment for the existing New Dock Street On-Ramp consisting of import fill extending to a 
maximum elevation of about +15 ft. The near surface deposits consist of silty sand and sandy silt 
between natural grade and about elevation -25 fi. The near surface deposits are underlain by a 
thick strata of inter-layered soft to stiff silt, sandy silt, clay, and loose silty sand down to about 
elevation -75 fi. Below elevation -75 fi, lies the Gasp~u- Formation which consists o f  dense to 
very dense sand and silty sand within the depths explored. 

It should be noted that the above soil description is general and is intended to describe the 
subsurface in very broad terms. The soil descriptions above should not be construed to mean that 
the subsurface profile is uniform and that soil is homogeneous within the project area. For details 
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of the report. 

4.2 Groundwater Conditions 

Groundwater was not recorded in any of the CPT soundings performed in 1996 for the 
Geoteclmical Investigation by LKR (LKR, 1998). During the EM1 investigation in 2009, 
groundwater was recorded in both of the borings performed near the proposed wall between 
elevation -5.0 fi and -10.0 feet. The elevation that groundwater was encountered in each boring is 
listed in Table 1 and also on LOTB sheets at the end of the report. However, due to the proximity 
of the site to the Cerritos Channel, where the water elevation is dictated by tidal fluctuations, 
higher groundwater elevations than those encountered during the field investigation are likely. 

Based on the observed high water groundwater elevation for the Cerritos Channel, the design 
groundwater was placed conservatively at elevation +5 ft or the growld surface in locations 
where finished grade is proposed to be below elevation +5 fi. 

4.3 Idealized Soil Profile 

Based on information collected fiorn borings R-09-009, R-09-01 land CPT soundings CPT-09- 
076 and CPT-09-077 an idealized soil profile for foundation analysis and design was developed 
along the proposed wall alignment. The subsurface profile beneath the propose structure is 
shown in Figure 9. The soil profile and design strength parameters are presented below in 
Table 4. 



TABLE 4. IDEALIZED SOIL PROFILE AND PAWMETERS 

Approx. Elev. (ft) 
Total Unit Cohesion Friction 

Predominant Soil Type Weight 
(1b/ft2) Angle 

(lb/ft3) (degree) 

+23.0 to t0.0 Silty Sand (assumed embankment fill) 120 200 3 2 - -- - 
+0.0 to -11.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 3 0 

-1 1.0 to -20.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 32 

-20.0 to -25.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 30 

-25.0 to -47.0 - 
Sandy Silt / Silty Clay /Lean Clay 120 1,000 0 

Clayey Silt / Clay with Silt / Clay with 
-47.0 to -62.0 Sand 120 2,000 0 

-62.0 to -75.0 
Clayey Silt / Silt with Sand / Silt with 

Clay 

-75.0 to -150.0 Sand / Sand with Silt / Silty Sand 125 0 3 8 





5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Seismic Evaluation 

As part of EMI's scope of work for the Sclzuyler Heim Bridge (Replace) project, a ground 
motion study was performed in accordance with the 2009 Caltrans Seismic Design Criteria 
(Caltrans, 2009). Due to the weak near surface deposits eizcoulztered tl.lroughout the project area, 
a site response analysis was performed to develop the design acceleration response spectra. 

As described in Section 2, down-hole shear wave velocity meas~~rements were taken in six of the 
rotary wash borings performed along the mainline bridge alignment. Slzear wave velocity 
profiles were generated for the uppel- 30 meters (100 fi) of the soil profile and input into the 
program SHAKE91 along with the seven sets of spectrum colzlpatible time histories to develop a 
site specific ARS spectrum. The design ARS spectrum was generated by enveloping the inem 
plus one standard deviation surface ground accelerations from the SHAKE analysis. Details of 
tlze site specific ground motion study are summarized in a meinoraiidulzz prepared by EMI, which 
is included in Appendix E. 

The site response analysis, performed in accordance with the 2009 SDC, results in a peak ground 
acceleration (PGA) of 0.5g for the site. Liquefaction potential and seismic settlement analysis 
were performed using a PGA of 0.5g resulting from a magnitude 7.0 event. Pseudo-static global 
stability analyses were performed using a seismic coefficient of 0.17 equal to one-third the PGA 
in accordance with Caltrans guidelines (Caltrans, 2006e). 

Ground Ru~t -~rc :  No known active surface faults traverse tlze project area. Tlze California 
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the 
proxilnity of the site. Therefore, tlie risk of ground surface lxpture and related hazards is 
considered low. 

5.2 Soil Liquefaction Potential and Seismically-Induced Settlement 

The liquefaction potential of the saturated, granular materials below the water table was 
evaluated using tlze procedures outlined by Seed et al. (1983) and updated by NCEER (1997) and 
Youd et al. (2001). For liquefaction potential evaluation of clayey soils, the procedure outlined in 
Boulanger a ~ d  Idriss (2006) was used. The seismically-induced soil settlement was estimated 
ilsirtg the procedures outlined by Tokimatsu and Seed (1987). As discussed in Section 4.2, the 
design groundwxter was assumed to be at the lower of elevation +5 ft or the ground surface for 
the liqi~efaction poteizrial evaluation. 

Layers, pockets and lenses of saturated coarse-grained alluvial deposits above the dense Gasp~x 
Foi~nation (located below approximate elevation -75 fij are expected to be susceptible to 
liquefaction. Seismically induced-settlements of a few to several inclzes are anticipated. The 
elevations of the potentially liqxefiable material and the corresponding anticipated seismic 
settleinel~ts are shown in Table 5. 'The location of the potentially liquefiable material during the 
design earthquake is also identified in the subsurface profile shown in Figure 9. 
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TABLE 5. LIQITEFACTION AND SEISMIC SETTLEMENT ANALYSIS ~ S U L T S  

Approximate Elevations of Layer Approximate 
BoringICPT Liquefiable Zones Seismically induced 

Sounding No. 
(ftll Settlement (inches) 

Total Approximate 
Seismically induced 
Settlement (inches) 

-60.3 to -62.1 0.1 

Notes: 1. Elevations are based orz NAVD88. 

Sa~~iples representative of soils tl-~oughout the project area were tested to determine corrosivity 
includiag miizimunl resistivity, pH, soluble sulfate content, and soluble chloride content. Two 
soil samples were tested for corrosivity using the procedures described in California Test 
methods 417, 422, 532, and 643. The pH was determined to be 7.4 and 7.5, the minimuin 
resistivities were 200 and 2,200 ohm-cm, soluble chloride contents were 152 and 568 parts per 
mjllion (ppm) and soluble sulfate contents were 11 6 and 514 ppm. 

According to Caltrans corrosioli guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5 
or less: or the chloride concentratioil is 500 parts per million (ppm) or greater, or the sulfate 
concentration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered 
to he corrosive. 

The backfiil for the reinforced soil mass should conf'oi~n to the corrosion requirements per 
Caltrms Standard Special Provision (SSP) for MSE walls. For MSE walls with metallic soil 
reinfoi-cement, the permeable backfill material should meet the following requiremeilts: 
minimum resistivity of 2,000 olun-cm, chlorides less than 250 ppm, sulfates less than 500 ppm, 
and pH between 5.5 and 10, Permeable material with geosynthetic soil reinforcement sh_ould 
have a pH between 4.5 and 9.0. 



5.3 Mechanically Stabilized Earth Wall Recommendatio~ls 

As discussed in Section 1.2, the nlaxilnunl design height of the MSE is about 16 ft. Due to the 
presence of con~pressible soil, construction of the proposed New Dock Street On-Ramp 
embanltment is expected to induce long-term consolidatioil settlenlent within the footprint of the 
proposed approach. Several wall alternatives were considered, and ultimately an MSE wall was 
selected because of its ability to tolerate s~~bstantial amount of total and differential settlements. 

The MSE wall should be designed based on Section 5 of the Caltrans BDS (Caltrans, 2004). 

5.4.1 Lateral Earth Pressures 

Using Section 5.5.5.8 of the Caltrals BDS (Caltrans, 2004), an active earth pressure coefficient 
of 0.3 and a soil  nit weight of 120 pcf is recommended for the proposed MSE wall (i-e., 36 pcf 
equivalent fluid pressure), which retains level backfill. An additional lateral uniform pressure of 
75 psf due to a traffic surcharge equivalent to a vertical pressure of 250 psf should be added to 
the above lateral eai-th pressure values, where applicable. T11e lateral active earth pressure 
res~iltailt should be applied to the back of the MSE wall at HI3 fi above the bottolll of the wall (H 
is the wall lieight in ft). 

Per Section 5.5.4 of tlle Caltrsuls BDS (Caltrans, 2004), the effects of eartl~qualtes need to be 
coilsidered in the design of retaining walls which support bridge abutments, soundwalls, or other 
installations for which there is a low tolerance for failure. Since the subject MSE wall does not 
support ally structure for which there is a low tolerance for failure, per Caltrails practice, the 
MS1': wall does not need to be designed for seisillic eai-th pressures. 

5.4.2 Bearing Capacity 

Bearing Ca~aclty of MSE Structure: Using the maxin~um wall height of 16 ft and base width of 
12 ft  near the nortllern end of the wall at Sta. 213+70 ("C" Line), the bearing pressure ii~duced on 
the underlying foundation soil is 2.7 ksf. Using a base width of 12 ft and a remedial excavation 
of 1 ft (see Section 5.4.8), the allowable bearing capacity of the sand directly beneath the MSE 
wall is greater than 2.7 ltsf. Therefore, the allowable bearing capacities exceed the bearing 
pressures induced by the wall. 

Hearing Capacity of Leveling Pad: Leveling pads suppoi-ti!lg the wall face inay be supported on 
i l ~ e  in-situ scil. They sl~ould be embedded to a depth of 0.1H (where W = height of wall in feet), 
but not less than 2 ft  below lowest adjacent grade. The allowable bearing capacity for the 
leveling pad is recon~mended to be 2.5 ltsf. 



TABLE 6. MSE WALL C1 STABILITY ANALYSES 

Approx. Max MSE Bearing Capacity 
"En Wall Strap Factor of  Safety 

Global Stability 
Factor of  Safety 

Line Height Length During During 
Station (ft) Surcharge 

Permanent Surcharge static"'   sue do-static") 

Notes: 

( I )  Factor of safety based upon level baclifill a l~d  240 psf equivalent vehicle surcharge for static condition. No 
vehicle surcharge for psueudo-static condition. 

( 2 )  Governing psuedo-static factor of safety based up011 static horizontal inertial force equal to one-third the 
peak design ground acceleration; 0.1 7g per Caltrans guidelines (2006e). 

(3: Demand bearing pressures for MSE walls as show11 in Catl-ans Bridge Design Aids, 2002 for Loading 
Condition 1 .  

5.4.3 Settlement 

Srandal-d procedures were used to evaluate ground settlenlellt of the underlyillg foundation soils 
d~ie  to the proposed MSE and associated en~baidunei~t fill placen~ent. Generally, fills induce 
immediate and consolidation settlement of uilderlying soils. Ilninediate settlement occurs during 
grading wd conisolidation settlement occurs over varying time periods. Consolidation settleinent 
(~nagnitude and time period) is directly related to the depth of fill placed over compressible soil 
and the thickness of col~lpressible soil layers. Iinmediate settlenlent whicl~ is estimated to be 
r~egligj hle in this case occurs during grading or shortly thereafter, while coilsolidatioil settlement, 
wl~ ic l~  in this case is considerable, occurs over varying time periods. 

Based on cross- sections provided by the roadway designers, the potential settlement beneath the 
proposed wall was evaluated at "C7' Line Stations 21 2t-50, 213+00, and 213+50. The provided 
cross-sections indicate that the existing embanlu~~ent will be widened by as ~nuch as 5 feet at the 
crest and the embanlu~~ent height will be increased by up to about 7 feet. Based on our 
calculations, settlement of soils ullderlyi~lg the proposed retaining wall is estimated to b e  about 2 
to 3 inches along the length of the wall, with a differential settlement of about 1 inch over a 100 
feet long section. The settlement period is estimated to be a b o ~ ~ t  30 weelts to reduce the 
renlai~ling long-tell11 settlenlent to less than %-inch. If a 5-ft embanlul~ent s~lrcllarge i s  applied, 
the settleinent period is reduced to about 13 weeks. For a 7-ft embaldanent surcharge, the 
settlement period is reduced to about 10 weelcs. 

The surzhaige heigi~ts refei-red to in these recommendations are measured relative to the  finished 
glade, of the proposed embankments. Settlement periods with surcharge begin once the full 
s~~rchargt. heigl~t is col-upleted. Waiting periods without surcharge begin once the project grade is 
co~lstructed ro the top of the finished subgrade. 

Settlement Monitoring Recommendations: Based on our experience, the calculated settlements 
and settlement periods are approximations of actual field observations. Due to the variability of 
subsurface conditions and the tl~inly layered nature of soil deposits, settlement moi1itoring is 
recommended. 



A settleilleilt monitoring program should be iillplemeilted for the proposed MSE wall. Surface 
monuments sl-rould be placed on the face of the MSE wall to illeasure any vertical or lateral 
movement. 111 addition, surface settlei~lent monuments, coilstructed in accordailce with Caltrans 
Standard Plaii Sheet A74 or equivaleilt (Caltrans, 2006b), sl~ould be placed at the i ~ ~ a x i i l ~ u m  wall 
heights and at every 100 ft along the lengtll of tlle MSE wall. The settlement nlolluinents should 
be installed in a tiinely illamler upon completion of wall coi~struction. Special care should be 
exercised in the field to survey and protect these settle~ileilt devices. The inoil~liileilts sllould be 
monitored at the time of installation, on a weekly basis for a month, and the11 once every 2 weelcs 
thereafter utntil it has been verified by the Eiigiileer that the reinaiiliilg settleillent for the 
embaid<~nei~t is acceptable. The uppermost levels of wall facing, coping, roadway pavement, 
hardscape, and any other iinproveineilts should not be coilstructed until the reillaiiziilg settleilleilt 
is within acceptable liiliits (i.e., %-inch or less). 

5.4.4 Overexcavation 

Along the proposed wall alig~mlei~t, the base of tlle MSE str~ctuwe will be fouiided on tlle 
existing approach einbanlcment fill. EM1 recon~iileilds remedial grading collsistiilg of a I ft  
overescavation. The bottom of t l~e  overexcavatioil sllould be scarified to a iniilim~lil depth of 8 
inches, moisture co~lditioiled to near optiinum moistme content. and compacted to a minimum 90 
percent relative compaction. The overexcavation should be bacltfilled using gran~~lar ,  non- 
espailsive soils. The overexcavation should extend at least 1 fi beyond the outer edge of the 
leveling pad a i~d 1 ft beyoild tile back of the reinforced zone behind t l~e  wall. 

5.4.5 Global Wali Stability 

The -'globalJ' stability of the western embadulient side slope was evaluated for both static and 
pseudo-static coladitioils using tl~e computer prograin GSTABLE7 (Gregory, 2006). Strengths of 
liquefiable soils were estimated using the method outlined in Seed and Harder (1990). The 
inaterial used for the fill is assumed to have a friction angle of 32 degrees and rnini ln~~ll  
coliesion of 200 psf. The cross-section selected for stability analysis was near "C" Line Sta. 
213+60. 

Tlie soil strength within the reinforced eai-tli zone is assu~lled to have a friction angle of 34 
degrees and 200 psf col.~esion. The in-situ shear strengtl~s of existing fill material and in-situ 
native soils vary and are provided in Table 4. 

Slopesiab~lity a~lalyses were conducted for the static condition iilcludi~lg a 2 ft  soil surcliarge to 
represent traffic loading. I11 accordailce with Caltrans Guidelines (2006e), stability analysis for 
the seisn~ic conditioi~ was performed using the pseudo-static approach wit11 a seisiiiic coefficient 
of 0.1 7; Caltrans guidelines require a seisl~~ic coefficient e q ~ ~ a l  to one-third the peal< horizoiltal 
acceleration (0.5 g, based on the site specific ground inotioil study, see Appendix E) but not 
exceeding 0.2. 

kccordiilg to the results of t l~e  analyses and Caltrans guidelines, the slopes meet the ~l~iilirnuill 
required factor-of-safety for deep-seated failure of 1.5 for the static coilditioil and 1 .1 for the 
seismic conditioi~ per Caltrans Fo:lndation Design Guidelines (2006e). 



5.4.6 Drainage 

Sufficient drainage should be provided at tlie roadway surface of the e ~ ~ l h a ~ l u ~ i e i ~ t  and between 
the pavenlent structure and tlie top of the MSE Wall to nlillilllize accuiliulation of water within 
the MSE  ass during the life of the str~~ctme. 

Earth Mechanics, Inc. 
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6.0 CONSTRUCTION CONSIDERATIONS 

All work should be perfonned in accordance with the Caltrans Standard Specifications (Caltrans, 
2006c) except as indicated in the Special Provisions prepared for the project inlprovements. 

6.1 Earthwork 

6.1.1 General 

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard 
Specifications (Caltrans, 2006~). Appropriate measures should be take11 to prevent damage to 
adjacent existing stnlctuses and utilities. Design and constnlction of temporary slopes or  shoring 
should be made the co_n_tractorYs responsibility. It should be noted that it is the responsibility of 
the contractor to oversee the safety of the workers in the field during construction. The contractor 
shall confoiin to all applicable occupational safety and health standards, rules, regulations, and 
orders established by the State of California. In addition, other State, County, or M~uxicipal 
regulations nlay supersede the recommendations presented in this section. If a trench shoring 
design and safety plan is required, the geotechnical consultant should review the plan t o  confilm 
that reconmendations presented in this report have been applied to the design. 

Heavy constmction equipment should not be used immediately adjacent to shoring due to large 
lateral pressures induced by such equipment unless the shoring is designed to accommodate 
resulting pressures. Excavated soil or construction materials should not be stockpiled adjacent to 
shoring or open excavations. Stockpiled soil and construction materials should be set back a 
distance at least equal to the height of the excavation. 

In fill areas, complete removal of compressible swficial materials including vegetation, topsoil, 
loose or soft alluvium, and otherwise unsuitable material is required prior to fill placement. A 
minimum overexcavation of 2 ft is recommended within all areas to receive compacted fill; the 
overexcavation should extend horizontally a minimum distance of 2 ft from edges of new fills or 
sti-uctures. Actual depths and extent of the required removals should be determined i n  the field 
by qualified geotechnical personnel. Overexcavated areas should be cleaned of loose soils and 
debris and sliould be observed to be firm and unyielding before receiving fill. The bottom of the 
overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned to near 
optimum moisture content, and compacted in place to at least 90 percent relative compaction. 

6.1.2 Cuts and Excavations 

Preliminary plans do not show any permanent cuts necessary to achieve finish grades, However, 
temporary cuts may be required to facilitate the constn~ctioll of proposed improvements. 
Temporary excavations, including temporary sloping or shoring, will need to be designed by the 
contractor for local and global stability, once the means and methods of construction are 
detelmined. 



6.1.3 Groundwater Control 

Groundwater was encountered in both of the borings performed near the proposed wall between 
Elevation -5.0 and -10.0 A. Based on latest cross sections provided by the designers, the bottom 
of proposed leveling pad is at approximate El. +5 fi. The deepest excavation for the proposed 
MSE wall is expected to be several feet above the obselved groundwater elevations. However, 
due to the proximity of the site to the Cerritos Channel where the water elevation is dictated by 
tidal fluctuations, hgher groundwater elevations than those encountered during the field 
investigation are likely; therefore, the contractor should be prepared to control groundwater 
during footing construction. Any groundwater encountered during footing construction should be 
controlled in accordance with Section 19-3.04 of the Caltrans Standard Specifications (2006~). 
Any seepage or groundwater removed from an excavation should be tested and disposed of in 
compliailce with all applicable local, state and federal requirements. Free water should not be 
allowed to stand in any excavations. If excavations become flooded, at least the bottom 6 inches 
of soil should be removed and replaced or re-compacted to 95 percent relative conipaction. 
Additional removals may be required at the discretion of the Engineer. 

6.2 Review of Construction Plans 

Recommendatiolls contained herein are based on cw-sent design information. The geoteclvlical 
consultant sl~ould review the final construction plans and specifications in order to confirm that 
the general intent of the recommendations contained in this report have been incorporated into 
the final construction documents. 

6.3 Geotechnical Observation and Testing 

Quali.fied geotechnical personnel should perform inspections and testing during the following 
stages of const~uction: 

Grading operations, including excavations and placement of compacted fill. 
Placement of reinforcing elements for the MSE structure. 
Shoring installation. 

* Removal or installation of support of buried utilities or structuses. 
e When any unusual subsurface conditions are encountered. 
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EARTHSPECTIVES 
250 Goddard Phone: (949) 777-1 270 
Irvine, California 9261 8 Fax: (949) 777-1 283 

November 12.2009 
EarthMechanic, Inc. 
17660 Newhope, Suite E 
Fountain Valley, California 92708 

Attention: Mr. Ranian Guneranian 

Dear Ranjan: 

SPT Hammer Energy Measurement 
Borings A-09-053, R-09-004, and R-09-009 
ACTA Schuyler Heim Bridge Replacement 
Long Beach, California 
ES Project No. 09095-141 

INTRODUCTION 

This letter report summarizes the results of EarthSpectives' (ES) SPT hammer energy measurements 

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It 

provides a description of the test program and results. 

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system 

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and 

6066 test standards. Results are summarized in Table 1, while more details regarding energy records 

are provided in Appendix A. 

TESTING CONDITIONS 

Test Borings 
SPT hammer energy measurements were performed at three boring locations drilled by three different 

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R 

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ 

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal 

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig 

equipped with a Automatic trip hammer and HF2-518 drill rod, while C&L Drilling samplers were 

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made 

drill rod. 

Instrumentation 
SPT energy measurements were performed by placing a 2 ft instrumented section of drill r o d  at the top 

of the drill string between the hammer and the existing sampling rods. The instruments consist of two 

Geofechnical Specialty Engineering 



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view 

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during 

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The 

raw data were stored directly on a portable field computer for subsequent analysis in the office. 

RESULTS 

Results from SPT hammer energy measurements are summarized in Tables I. It shows the Energy 

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred 

energy to rated energy of the hammer which is the product of the weight of the hammer times the 

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft). 

TABLE 1 -SUMMARY OF SPT HAMMER ENERGY MEASUREMTS 

I AVERAGE SPT HAMMER EFFICIENCY 

SAMPLING DEPTH 
(FT) 

5 
10 
15 
20 
2 1 
25 
30 
35 
40 
45 
5 0 
56 
60 
70 
80 
90 
100 
105 
110 
115 
120 

- 

125 
130 
135 
140 
145 
155 

NOTE: Numbers in each 

BORING R-09-009 
C&L Drilling, Inc. 

Mud Rotary 
Rope and Cat-Head 

Manual Hammer 
-- 

50%, 64%, 58% 
-- 

489'0, 69%, 61 % 
-- 
-- 

49%, 69%, 58% 
-- 

56%, 73%, 65% 
-- 
-- 
-- 

49%, 74%, 64% 
51%, 73%, 59% 
47%, 78%, 65% 
41%, 76%, 54% 
51%, 76%, 63% 

-- 
51%, 8'1 %, 66% 

-- 
36%, 78%, 62% 

-- 

51 %, 80%, 68% 
-- 

43%, 70%, 61% 
-- 

36%, 75%, 62% 
depth 

BORING A-09-053 
2R Drilling, Inc. 

Hollow Stem 
Automatic Trip hammer 

77%, 92%, 87% 
72%, 95%, 87% 
75%, 84%, 80°/o 
73%, 88%, 83% 

-- 
71 Oh, 76%, 74% 
70%,86%, 82% 
80%, 84%, 82% 
79%, 85%, 83% 
81 %, 86%, 84% 
78%, 83%, 81 % 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

cell are Min, Max, and Avg 

(ENERGY TRANSFER RATIO) 
BORING R-09-004 

So Cal drilling, Inc. 
Mud Rotary 

Automatic Trip hammer 

-- 

49%, 76%, 65% 
-- 
-- 

77%, 80%, 79% 
-- 

77%, 81 %, 80% 
-- 

77%, 84%, 82% 
-- 
-- 

79%, 82%, 80% 
78%, 85%, 83% 
78%, 81%, 80% 
76%, 83%, 82% 
78%, 82%, 80% 

-- 
75%, 84%, 81 % 

-- 
76%, 80%, 79% 

-- 
75%, 81%, 80% 

-- 
73%, 80%, 78% 

-- 
75%, 81%, 80% 
78%, 84%, 81 % 

efficiency for that sampling 



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of 

blow number in Appendix A. Table immediately following the plot also provides the minimum, 

maximum, and average values at each sampling depth in addition to raw data. 

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an 

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall 

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall 

average of 62 percent for boring hole R-09-009. 

LIMITATIONS 

Professional judgments represented in this report are based on evaluations of the technical 

information gathered, our understanding of the proposed construction, and our general experience in 

the geotechnical field. We do not guarantee the perforlnance of the project in any respect, only that 

our engineering work and judgments are rendered while striving to meet the standard of care of our 

profession at this time. 

CLOSURE 

It has been a pleasure serving you on this project and we look forward to working with you again. 

Please call i f  you have any questions. 

Sincerely Submitted for EarthSpectives 

Hossein K. Rashidi, Ph.D., P.E. 
Principal Engineer 
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P i l e :  A - 0 9 - 0 5 3  Proj : ACTA HEIM BRIDGE PROJECT Pgl 
I n f o :  HOLLOW STEM S P :  0 . 4 9 2  k / f t m 3  
AR : 1 . 2  i n " 2  WS: 1 6 8 0 8  f t / s  
LE: 5 6 . 0  f t  EM: 3 0 0 0 0  KSI  
_ _ _ _ _ _ _ _ _ _ _ - _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max M e a s u r e d  C - S t r e s s  
E2F: UNDEFINED C S I :  Max F 1  o r  F2 C - S t r e s s  
E F 2 :  E n e r g y  by F - 2  Method TSX: M a x  C o m p u t e d  T - S t r e s s  
EV2 : UNDEFINED 
_ _ _ _ _ _ _ _ _ _ - _ _ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - - - - - -  

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI  TSX 
end b l / f t  f  t K-f t 5 I < - f t  b l /min ksi l c s i  l c s i  

1 4  5  . O O  AV 0 . 2 8  8 2  0  1 . 5 0  2 0 4  5 4 . 7  2 0 . 0 6  2 0 . 1 3  6 . 8 1  



Pile : A-  09- 053 Proj : ACTA HEIM BRIDGE PROJECT Pg2 
Info: HOLLOW STEM 
_ _ - - _ _ - _ _ _ _ - - _ _ - C _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - 

COMMENTS 
JC = 0.70 
Sample at 5 ft 
Sample at 10 ft 
Sample at 15 ft 
Sample at 20 ft 
Sample at 25 ft 
Sample at 30 ft 
Sample at 35 ft 
Sample at 40 ft 
Sample at 45 ft 
Sample at 50 ft 

DRIVEN (2009-0ct-13 : A-09-053,MDF) 
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P i l e  : R -  0 9 - 0 0 4  P r o j  : ACTA HEIM BRIDGE PROJECT P g l  
I n f o  : MUD ROTARY S P :  0 . 4 9 2  k / f t n 3  
AR : 1 . 4  i n - 2  WS: 1 6 8 0 8  ft/s 
LE:  1 6 3 . 0  ft EM: 3 0 0 0 0  KSI 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max Measured C - S t r e s s  
E 2 F  : UNDEFINED C S I :  Max F 1  o r  F2  C - S t r e s s  
E F 2 :  E n e r g y  by F - 2  Method TSX: Max C o m p u t e d  T - S t r e s s  
EV2: UNDEFINED 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth T Y  EMX ETR E 2 F  EF2 EV2 B PM CSX C S I  TSX 
end b l / f t  f t K-ft % K - f  t bl/rnin k s i  ksi l c s i  

1 2  1 0 . 0 0  AV 0 - 2 0  5 9  0  2 . 7 9  1 6 4  0 . 0  2 6 . 2 0  3 2 . 0 4  1 1 . 8 3  



P i l e :  R - 0 9 - 0 0 4  Proj : ACTA HEIM BRIDGE PROJECT Pg2 
Info : MUD ROTARY 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# dep th  TY EMX ETR E2F  EF2 EV2 BPM CSX C S I  TSX 
end b l / f t  f t  K- f t  5 K - f t  b l /m in  k s i  ksi k s i  
5 7 5  5 1 3 5 . 0 0  AV 0 . 2 8  8 0  0  5 . 1 4  2 1 0  3 8 . 6  3 5 . 6 8  3 5 . 6 8  1 2 . 6 5  

MX 0 . 2 8  8 1  0  5 . 3 8  2 2 2  3 9 . 4  3 6 . 7 5  3 6 . 7 5  1 4 . 0 2  
MN 0 . 2 6  7 5  0  4 . 9 6  1 5 4  0 . 0  3 4 . 2 8  3 4 . 2 8  1 1 . 1 5  

COMMENTS 
JC = 0 . 7 0  
Sample a t  3 0  f t 
Sample a t  5 6  f t  
Sample a t  8 0  ft 
Sample a t  9 0  f t  
Sample a t  1 0 5  f t  
Sample a t  115 f t  
Sample a t  1 2 5  f t  
Sample a t  1 3 5  f t  
Sample a t  1 4 5  f t  
Sample at  155 f t  

DRIVEN ( 2 0 0 9 - 0 c t - 2 2  : R-09-004.MDF)  
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P i l e :  R - 0 9 - 0 0 9  P r o j  : ACTA HEIM BRIDGE PROJECT Pg1 
I n f o :  MUD ROTARY- rope and cathead SP: 0 . 4 9 2  k/ftn3 
AR : 1.4 i n - 2  WS: 1 6 8 0 8  f t / s  
LE:  1 6 5 . 0  ft EM: 3 0 0 0 0  ICSI 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max Measured C - S t r e s s  
E 2 F :  UNDEFINED C S I :  Max F1 or  F 2  C - S t r e s s  
E F 2 :  E n e r g y  by F-2 Method TSX: Max C o m p u t e d  T - S t r e s s  
EV2:  UNDEFINED 
_ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - 
BL# depth TY EMX ETR E 2 F  EF2 EV2 B PM CSX C S I  TSX 
end b l / f t  f t  K - f t  % K - f t  b l /min  k s i  k s i  k s i  
1 3 1 0 . 0 0  AV 0 . 2 0  55 0 2 . 1 0  0 2 4 . 0  2 8 . 2 7  2 8 . 2 7  0 . 0 0  



Pile: R-09-009  
I n f o :  MUD ROTARY- rope and ca thead 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth TY EMX ETR E2F 
end bl/ft f t K - f t  % 
687  9  1 4 0 . 0 0  AV 0 . 2 4  6 8  0  

MX 0 . 3 0  80  0  
MN 0 . 1 8  5 1  0 

P r o j :  ACTA HEIM BRIDGE PROJECT Pg2 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EF2 EV2 BPM CSX CSI TSX 

K-f t bl/min k s i  k s i  ksi 
3 . 0 1  2 3 6  3 4 . 8  2 3 . 3 1  2 3 . 3 1  2 . 7 9  
3 . 6 9  3 0 3  3 8 . 8  2 8 . 0 9  2 8 . 0 9  5.59 
0 . 0 0  1 3  0 . 0  3 . 8 0  3 . 8 0  0 . 4 7  

COMMENTS 
J C  = 0 . 7 0  
Sample a t  20 f t  
Sample at 60 f t  
Sample a t  80 f t  
Sample a t  90 ft 
Sample a t  1 0 0  f t  
Sample at 1 1 0  f t  
Sample a t  1 2 0  f t  
Sample at 1 3 0  f t  
Sample at 1 4 0  f t 
Sample at 155 f t  

DRIVEN ( 2 0 0 9 - O c t - 2 8  : R-09-009.MDF) 



APPENDIX C. 

GEOVISION GEOPHYSICAL INVESTIGATION REPORT 



Earth Mechanics Inc. Project Number 06-123 

SCHUYLER HEBM BRIDGE PROJECT 

PORT OF LOS ANGELES, CALIFORNIA 

SUSPENSION PS VELOCITBES 

BORlNGS R-09-007, R-09-014, R-09-021, 

R-09-022, R-09-025 and R-09-028 

Report 9375-01 rev a 

November 1 I, 2009 



Earth Mechanics Inc. Project Number 06-123 

SCHUYLER HEIM BRIDGE PROJECT 

PORT OF LOS ANGELES, CALIFORNIA 

SUSPENSION PS VELOCITIES 

BORINGS R-09-007, R-09-014, R-09-021, 

R-09-022, R-09-025 and R-09-028 

Report 9375-01 rev a 

November I I, 2009 

Prepared for: 

Earth Mechanics, Inc. 
17660 Newhope Street, Suite E 

Fountain Valley, California 92708 

(714) 751-3826 

EM1 Project Number 06-1 23 

Prepared by 

GEOVision Geophysical Services 
I 124 Olympic Drive 

Corona, California 92881 

(951) 549-1 234 

GEOVision Report 9375-01 rev a Paqe 2 of 72 November 11, 2009 



Earth Mechanics Inc Project Number 06-123 

TABLE OF CONTENTS 

TABLE OF CONTENTS ............................................................................................................................................ 3 

TABLE OF FIGURES ................................................................................................................................................ 4 

TABLE OF TABLES .................................................................................................................................................. 4 

INTRODUCTION ................................................................................................................................................. 5 

SCOPE OF WORK ................................................................................................................................................. 6 

INSTRUMENTATION ............................................................................................................................................... 7 

MEASUREMENT PROCEDURES ................................................................................................................... 10 

SUSPENSION MEASUREMENT PROCEDURES .................................................................................................................. 10 

DATA ANALYSIS ..................................................................................................................................................... I 1  

SUSPENSION ANALYSIS ........................................................................................................................................... I 1 

RESULTS ................................................................................................................................................................... 13 

SUMMARY ................................................................................................................................................................ 14 

APPENDIX A SUSPENSION VELOCITY MEASUREMENT QUALITY ASSURANCE SUSPENSION 
SOURCE TO RECElVER ANALYSIS RESULTS ............................................................................................... 41 

APPENDIX B BORING GEOPHYSICAL LOGGING SYSTEMS . NIST TRACEABLE CALIBRATION 
PROCEDURES AND CALIBRATION RECORDS ......................................................................................... 64 

GEOVision Report 9375-01 rev a Page 3 of 72 November 11. 2009 



tann lvlecnanlcs lnc . Project Number 06-123 

Table of Figures 
......................................................................................... Figure I : Concept illustration of P-S logging system 6 

Figure 2: Example of filtered (1400 Hz lowpass) record .................................................................................... 17 
Figure 3 . Example of unfiltered record ................................................................................................................. 18 

.................................................... Figure 4: Boring R.09.007. Suspension R1-R2 P- and SH-wave velocities 19 

.................................................... Figure 5: Boring R.09.014. Suspension R1-R2 P- and SH-wave velocities 22 

.................................................... Figure 6: Boring R.09.021. Suspension R1-R2 P- and SH-wave velocities 25 

.................................................... Figure 7: Boring R.09.022. Suspension R1-R2 P- and &-wave velocities 29 

.................................................... Figure 8: Boring R.09.025. Suspension R1-R2 P- and SH-wave velocities 33 

.................................................... Figure 9: Boring R.09.028. Suspension R1-R2 P- and SH-wave velocities 37 

Table of Tables 
Table 1 Boring locations and logging dates ........................................................................................................... 6 
Table 2 . Logging dates and depth ranges ............................................................................................................ 10 

................................. Table 3 . Boring R-09-007, Suspension R1-R2 depths and P- and SH-wave velocities 20 

................................. Table 4 . Boring R-09-014, Suspension R1-R2 depths and P- and SH-wave velocities 23 

................................. Table 5 . Boring R-09-021, Suspension R1-R2 depths and P- and SH-wave velocities 26 

................................. Table 6 . Boring R-09-022, Suspension R1-R2 depths and P- and SH-wave velocities 30 

................................. Table 7 . Boring R-09-025, Suspension R1-R2 depths and P- and SH-wave velocities 34 

................................. Table 8 . Boring R-09-028, Suspension R1-R2 depths and P- and SH-wave velocities 38 

GEOVision Report 9375-01 rev a Page 4 of 72 November 1 1. 2009 



t a n n  ~viecnanlcs ~nc.  Project Number 06-1 23 

INTRODUCTION 

Boring geophysical ~neasurements were collected in six uncased borings for the Schuyles FIeim 

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisition was 

perfornied between October 19 to Noveiilber 6, 2009 by Victor Gonzalez and Charles Carter of 

GEOTfision. Data analysis was perfornled by Victor Gonzalez and revigwed by Robert Steller of 

GEOJ/ision. Report preparation was performed by Victor Gonzalez and reviewed by Joh11 Die111 

of GEOVision. The worlc was perfor~ned under subcontract with Earth Mechanics, Inc. (EMI) 

with G. J. Gunaranjan serving as the point of contact for EMI. 

This report describes the field n~easurements, data analysis, and results of this worlc. 
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SCOPE CF WORM 

This repoi-t presents the results of boring geophysical measurements collected between October 

19 and November 6, 2009 in six 4 718 -inch uncased borings, as detailed in Table 1. The purpose 

of the study was to supple~nent stratigraphic iilfor~natio~l obtained during EMI's soil sainpling 

prograin and to acquire shes wave velocities and co~npressional wave velocities as a f~l~lction of 

depth. 

I I ELEVATION - FEET I COORDINATES - FEET "' I 

( I )  Coordinates and elevations provided by EM1 

I DESIGNATION I LOGGED I 

Table 1 Boring locations and logging dates 

The OYO Suspension Logging System was used to obtain in-situ horizontal shear and 

coinpessioi~al wave velocity rneasuren~ellts at 1.6-foot intervals. The acquired data were 

analyzed and a profile of velocity versus depth was produced for both compressional and 

horizoi~tally polarized shear waves. 

NORTHING 

A detailed for the velocity ineasureinent teclmiques used in this study is: 

Guidelines for Deteimining Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Instit~~te, Palo Alto, California, November 1993, 

Sections 7 and 8. 

EASTING 
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Suspension Instrumentation 

Suspension soil velocity measurements were perfornled in all borings using the PS suspension 

logging system, manufactured by OYO Corporation, and their subsidiary, Robertson 

Geologging. This systein directly determines the average velocity of a 3.3-foot high segnlent of 

the soil colunxl sun-ounding the boring of interest by measuring the elapsed time between 

arrivals of a wave propagating upward tlu-ough the soil column. The receivers that detect the 

wave, and the source that generates the wave, are moved as a unit in the boring producing 

relatively constant amplitude signals at all depths. 

The suspeilsion systeln probe consists of a combined reversible polarity solenoid l~orizontal 

shear-wave source (SH) and con~pressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers i s  3.3 feet, 

allowillg average wave velocity in the region between the receivers to be deterillined by 

inversion of the wave travel time between the two receivers. The total length of the probe as used 

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottoin 

end of the probe. 

The probe receives control signals frol~l, and sends the receiver signals to, instru~nentation on the 

surface via an arinored 4 or 7 conductor cable. The cable is wouild onto the drum of a w i n c l ~  and 
. . 

is used to s~lpport the probe. Cable travel is measured to provide probe depth data, using a 3.28- 

foot circumference sheave fitted with a digital rotaiy encoder. 

The entire probe is suspended in the boring by the cable, tllerefore, source nlotion is no t  coupled 

directly to the boring walls; rather, the source motion creates a horizontally propagating 

inlpulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure 

wave is coavei-ted to P and S14-waves in the surrounding soil and rock as it impinges upon the 

wall of the boring. These waves propagate tlrough the soil and roclc surrounding the boring, in 

tuin causing a pressure wave to be generated in the fluid surroundiilg the receivers as the soil 

GEOVision Report 9375-01 rev a Page 7 of 72 Novern ber 11,2009 



Earth Mechanics Inc. Project Number 06-123 

waves pass their location. Separation of the P and SH-waves at the receivers is performed using 

the followiilg steps: 

1. Orientatioll of the l~orizontal receivers is mailltailled parallel to the axis of the source, 

maxinlizing the alnplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded wit11 the source actuated in opposite 

directions, prod~~cing SH-wave signals of opposite polarity, providing a characteristic SH- 

wave signature distinct from the P-wave signal. 

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and 

dalnp sigilificailtly before the slower SH-wave signal arrives at the receiver. I11 saturated 

soils, the received P-wave signal is typically of much higher frequency than the received 

SH-wave signal, peinlitting additional separatioi~ of the two signals by low pass filtering. 

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers 

because tlle wavelength of tlie pressure pulse in fluid is significantly greater thm the 

diilleilsion of the fluid annulus surrounding the probe, preventing sigilificant energy 

transmission tluough tlle fluid medium. 

I11 operation, a distinct, repeatable pattern of impulses is generated at each depth as follows: 

1. The source is fired in one direction producing doininantly horizontal shear wit11 sollie 

vertical compression, and the signals fiom the horizontal receivers situated parallel to the 

axis of inotion of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded. 

3. Tlle source is fired again and the veitical receiver signals are recorded. The repeated 

source pattern facilitates the picking of the P and SH-wave arrivals; reversal of the  source 

chailges the polarity of the SH-wave pattern but not the P-wave pattern. 

The data from each receiver during each source activation is recorded as a different channel on 

the recording system. The Suspension PS system has six channels (two simultaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six channels with 

a collvnoil time scale. Data are stored on disk for further processing. Up to 8 sampling sequellces 

can be sulmned to iinprove the signal to noise ratio of the signals. 
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Review of the displayed data on the recorder or co~llputer scree11 allows the operator to  set the 

gains, filters, delay time, pulse length (energy), salllple rate, and su~mliing  u umber to optilnize 

the quality of the data before recording. Verificatioi~ of the calibratioil of t11e Suspension PS 

digital recorder is perfor~lled every twelve months using a NIST traceable frequency source and 

countel-, as outlined in Appendix B. 
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RES 

Suspension Measurement Procedures 

Six 4 718-inch uilcased boriilgs filled with fi'esl~water drilling mud were logged. Measurements 

followed the GEOVisio17 Procedure for P-S Suspension Seismic Velocity Logging, revision 1.4. 

Prior to each loggiilg run, the probe was positioned with the top of the probe at the top of the 

drilling mud tub, ground surface, or other statioilary reference poiilt. Subsequently, the electroilic 

depth couilter was set to 8.2 feet, the distance between the mid-point of the receiver and the top 

of the probe, minus the height of the stationaly reference point, as verified with a tape measure, 

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the 

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as 

surnnlarized in Table 2. 

At each ineasuremeilt depth the ineasurement sequence of two opposite horizontal records and 

one vertical record was performed, and the gains were adjusted as required. The data fi-om each 

depth were viewed on the colnputer display, checked, and recorded on disk before moving to the 

next depth. 

Upoil coillpletioil of the measuremeilts, the probe zero depth indication at the stationaiy 

reference point was verified and recorded on the field logs prior to removal from the  boring. 

Field data were backed up to USB flash drive each day upon completion of data acquisition. 

Table 2. Logging dates and depth ranges 

BORING 
NUMBER 

R-09-007 

R-09-014 

R-09-021 

R-09-022 

R-09-025 

R-09-028 

CFn\/isinn Rpnnrt 9375-n1 rev n 

TOOL AND RUN 
NUMBER 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

DEPTH 
RANGE 
(FEET) 

3.3 - 136.2 

3.3 - 118.1 

6.6 - 154.2 

3.3 - 162.4 

DEPTH TO 
OF 

BORING 
(FEET) 

150 

165 

170 

175 

1 1 /05/2009 

1 1 /06/2009 

SUSPENSION PS 1 

SUSPENSION PS 1 

SAMPLE 
INTERVAL 

(FEET) 

1.6 

1.6 

1.6 

1.6 

3.3 - 160.8 

3.3 - 162.4 

DATE 
LOGGED 

1011 912009 

1012012009 

10121 12009 

1 1 I0212009 

175 

175 

1.6 

1.6 
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DATA ANAL'r'SIS 

Suspension Analysis 

Using tlle proprietaly OYO program PSLOG.EXE version 1.0, the recorded digital waveforlns 

were analyzed to locate the most prominent first minima, first maxima, or first break on the 

vertical axis records, indicating the arrival of P-wave energy. The difference in travel time 

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate the P-wave velocity for 

that 3 .:-foot segillellt of the soil colunlll. When observable, P-wave arrivals on the horizolltal 

axis records were used to verify the velocities detei-mined from the vertical axis data. The time 

piclts were then transfel-red into an EXCEL template (EXCEL version 2003 SP2) to complete the 

velocity calculatiolls based on the arrival time picks made in PSLOG. 

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-R1) was also piclted 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived from the travel time between receivers. I11 this analysis, the depth values as recorded 

were illcreased by 4.53 feet to coi-sespond to the mid-point of the 6.33-foot S-R1 interval. Travel 

tillles were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting 

0.35 milliseconds, the calculated and experimentally verified delay from source trigger pulse 

(beginning of record) to source impact. This delay corresponds to the duration of acceleration of 

the solenoid before impact. 

As with the P-wave records, using PSLOG, the recorded digital waveforlns were analyzed to 

locate the presence of clear SH-wave pulses, as indicated by the presence of opposite polarity 

pulses on each pair of horizontal records. Ideally, the SH-wave signals from the 'normal' and 

'reverse' source pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass 

filtering call be used to remove the higher frequeilcy P-wave signal from the SH-wave signal. 

Generally, tlle first nlaxiina were piclted for the 'noimal' signals and the first lninirna for the 

'reverse' signals, althougl~ other points on the waveform were used if the first pulse was distorted. 

The absolute arrival time of the 'nolmal' and 'reverse' signals may vary by +I- 0.2 milliseconds, 

due to differences in the actuation time of the solenoid source caused by constant nlechanical 

bias in the source or by boring inclination. This variation does not affect the R1-FC! velocity 
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determinations, as the differential time is ~neasured between an-ivals of waves created by the 

same source act~~ation. The final velocity value is the average of the values obtained from the 

'norlnal' and 'reverse' source actuations. 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 6.33-foot 

interval fro111 source to receiver 1 was calculated and plotted for verification of the velocity 

derived from the travel time between receivers. In this analysis, the depth values were illcreased 

by 4.53 feet to correspolld to the mid-point of the 6.33-foot S-RI interval. Travel tiines were 

obtained by piclting the first break of the SH-wave signal at the near receiver and subtracting 

0.35 milliseconds, the calculated and experinlentally verified delay fsom the beginlliilg of the 

record at the source trigger pulse to source impact. 

These data and analysis were reviewed by Robert Steller as a colnponellt of GEOVision's in- 

house QA-QC program. 

Figwe 2 shows an example of R1 - R2 nleasureinellts on a sample filtered suspeilsion record. In 

Figure 2, the time difference over the 3.3-foot interval of 1.88 milliseconds for the horizontal 

signals is equivalent to an SH-wave velocity of 1745 feetlsecond. Whenever possible, time 

differences were deternlined from several phase points on the SH-waveform records to verify the 

data obtained fi-om the first arrival of the SH-wave pulse. Figure 3 displays the same record 

before filtering of the SH-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, 

illustrating the presence of higl~er frequency P-wave energy at the beginllillg of the record, and 

distortion of the lower frequency SH-wave by residual P-wave signal. 
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RESULTS 

Suspension Results 

Suspension R1-R2 P- and SH-wave velocities are plotted in Figures 4, 5 ,  6, 7, 8, and 9. The 

suspension velocity data presented in these figures are presented in Table 3, 4, 5 ,  6, 7, and 8, 

respectively. These plots and data are included in the EXCEL analysis files transnlitted 

separately. 

P- and SH-wave velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data 

are plotted together in Figures A-1 tlxough A-6 to aid in visual coniparison. It should be noted 

that Rl-R2 data are an average velocity over a 3.3-foot segment of the soil coluinn; S-RI data 

are an average over 6.33 feet, creating a significant smootl~ing relative to tlie R1-R2 plots. S-Rl 

data are presented in Tables A-1 tlxough A-6, and included in the EXCEL analysis files. 

Calibration procedures and records for the suspension PS nleasure~nellt system are preseiited in 

Appendix B. 
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SUMMARY 

Discussion of Suspension Results 

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotaly nlud (rotaiy wash) metllods, as were these borings. Thus data collected in these uncased 

borings was of veiy good quality. 

Suspel~sion PS velocity data quality is judged based upon 5 criteria: 

1. Consistent data between receiver to receiver (R1 - R 2 )  and source to receiver (S - R1) 

data. 

2. Consistent relationship between P-wave and SH -wave (excluding transitioll to saturated 

soils) 

3. Collsistellcy between data from adjacent depth intervals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

5. Consistency of profile between adjacent borings, if available. 

These data show good correlation between R1 - R2 and S - R1. Additionally, there i s  a good 

coil-elation between P-wave and SH-wave velocities, as both show similar velocity inflections. 

Data fi-om adjacent depth intervals are generally similar. P-wave and SH-wave onsets are clear 

and later oscillations are well damped. 

Velocity profiles between borings in the study area are generally similar. All borings exhibit SH- 

wave velocities ranging fro111 approximately 200 - 300 fps near the surface, increasing to over 

1,000 fps at depth. All borings show an increase to water velocitiesin the P-wave profiles at 10 - 

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a similar 

decrease in P-wave velocity at approximately 45 - 55 feet bgs which typically indicates an 

organic-rich zone. 
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Quality Assurance 

These boring geophysical nleasureillents were perforined using industry-standard or better 

methods for illeasurements and analyses. All work was perforined under GEOVision quality 

assurance procedures, which include: 

e Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instrumeiltatioi~ 

Use of standard field data logs 

e Use of independent verification of velocity data by comparison of receiver-to-receiver and 

source-to-receiver velocities 

Independent review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 

Suspension Data Reliability 

P- and SH-wave velocity measurement using the Suspension Method gives average velocities 

over a 3.3-foot interval of depth. This high resolution results in the scatter of values show11 in the 

graphs. In uncased borings, individual measurements are very reliable, with estinlated precisioil 

of +/- 5%. Standardized field procedures and quality assurance cl~eclcs contribute to the 

reliability of the data. 
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or 7-Conductor cable OYO PS-170 or 

Head Reducer 

Upper Geophone 

Lower Geophone 

Source Driver 

Figure I: Concept illustration of P-S logging system 
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Figure 2: Example of filtered (1400 Hz lowpass) record 
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Far HN 
9.910 

Far HR 
Ill. 140 

Far U 
5.555 

Hear HN 
8.038 

Near HR 
8.260 

Near U 
5.69: 

Figure 3. Example of unfiltered record 
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SCWUYLER HEIM BWlDQE BQRIBtlO W4840.P 
Recelver ta Receiver Vo and V, Anillysle 

Q 4 QQQ 2000 3000 4QQQ 5000 QQQQ 9QQ0 
VELOCITY [Ws) 

Figure 4: Boring R-09-007, S u s p e n s i o n  R1 -R2 P- a n d  &-wave veloci t ies  
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave 'Jelocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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SCHUYLER HEIM BRIDGE BQRlNG R494q4 
Receiver ta Receiver V, and V, Analysis 

0 4 000 2000 3000 4000 5000 6000 9006 
VELOCITY {flis) 

Figure 5: Boring R-09-014, Suspension R1-R2 P- and SH-wave velocities 
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 
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Summary of  Compressional Wave Velocity, Shear Wave \/elocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 
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Q 4 000 280Q 3000 4000 5000 BQQQ 7000 
VELOCITY (Ws) 

Figure 6: Boring R-09-021, Suspension Rl-R2 P- and &-wave velocities 
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Table 5. Boring R-09-021, Suspension Rl -R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of  Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear \Nave \Jelocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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SGCICEYLER HElM BRIDGE BORING Rag11322 
Receiver to Receiver V, and \I, Analysis 

--E~F-- Near-Far Receivers, Vp 

i I 

Q 2QQQ 4000 QQOQ 8000 
VELOCITY [Ws) 

Figure 7: Boring R-09-022, Suspension R1-R2 P- and &-wave velocities 
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpoint Between Midpoint Between 
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Summary of Compressional Wave \Jelccity, Shear Wave \Jelocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpoint Between Midpoint Between 
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SCHIJYLER WElM BRIDGE BORING R-68-625 
Receiver to Receiver V, and V, Analysis 

Figure 8: Boring R-09-025, Suspension R1-R2 P- and &-wave velocities 
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Table 7. Boring R-09-025, Suspension R1-R2 depths and  P- and  SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 -. - 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
. . Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 

Midpoint Between Midpoint Between 
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SCHMYLER HElM BRIDGE BORlMQ R43428 
Receiver to Reeelver V, and V, Analysls 

-++Near-Far Receivers, Vp 

l l l l l l l 1 1 1 1 1 1 1 ~ 1 1 ~ 1 1 1 f  1 1 1 1 1 1 1 1 1 1 "  

Figure 9: Boring R-09-028, Suspens ion  R1-R2 P- a n d  &-wave velocities 
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 

Midpoint Between 

Metric Units 

Depth at I Velocity I 
Midpoint Between Poisson's 

Receivers v, V, Ratio I/ 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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APPENDIX A 

SUSPENSION VELOCITY MEASUREMENT 
QUALITY ASSURANCE SUSPENSION SOURCE 

TO RECEIVER ANALYSIS RESUHS 
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SCHhZYLER HElM BRIDGE B6WIMG R491889 
Sourcss to Weeelver and Rccelvar tab Recelvss Analyslo 

-8- Near-Far Receivers, Vs  

+ Source-Near Receiver, Vs 

Near-Far Receivers, Vp  

8 4 008 2800 3000 4000 5080 @DO0 46OQ 

VELOCITY [Ws) 

Figure A-I .  Boring R-09-007, R1 - R2 high resolution analysis 
and S - R l  quality assurance analysis P- and &-wave data 
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Table A - I .  Boring R-09-007, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Depth at Midpoint Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's  Ratio 
Based  on Source-to-Receiver Travel Time Data - Borehole R-09-007 
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SCHUYLER HElM BRIDGE BORING R494'14 
8oblrea to Reeslver and Reeslver to Recalver Analysis 

Source-Near Receiver. V s  

Near-Far Receivers, Vp 

P 
- 

F l - ~ ~ - - ~ - ~ - - - ~ t - r r - ? ? ~ ? t ~ ~ - l - l - l - t  

Q 1 000 2000 3000 4000 50QQ Q0Q0 7060 

VELOCITY INS) 

Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A.2. Boring R-09-014, S - R l  quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R.09-014 
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-4 

SCHUYLEW HEIM BRIDGE BORING R4B424 
Source to Wacelver and Racelver to Receiver Analysis 

0 

-@- Source-Near Receiver, Vs 

-+a- Near-Far Receivers, Vp 

Figure A-3. Boring R-09-021, R l  - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional  Wave Velocity, Shea r  Wave Velocity, and  Poisson's Ratio 
Based  o n  Source-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHUYLEW HElM BRIDGE BORING Rag1822 
Source ts Rrcelver and Receiver to Recelvlrr Analysls 

Source-Near Receiver. Vs 

Near-Far Receivers, Vp 

---- ---------- 1---- 

8 2000 4000 @OD0 8QBQ 

VELOCITY {fils) 

Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and &-wave data 

Summary of  Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Between Source and 

M 
Depth at Midpoint 

Between Source and 
Near Receiver 

(m) 

2.5 

3.0 

3.5 

4.0 

4.6 

5.0 

5.5 

6.0 

6.5 

7.0 

7.5 

8.0 

8.5 

9.0 

9.5 

10.0 

10.5 

11.0 

11.5 

11.9 

12.5 

13.0 

13.5 

14.0 

14.5 

15.0 

15.5 

16.0 

16.5 

17.0 

17.5 

17.8 

18.5 

19.0 

19.5 

20.0 

20.5 

21.0 

21.5 

22.0 

22.5 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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8CHblYEER HEIM BRlDOE B8RlNG W48425 
8sures $0 Reeelver and Reeelvar to Waceluer Analysis 

0 

+Source-Near Receiver, Vs 

+Near-Far Receivers, Vp 

Figure A-5. Boring R-09-025, R l  - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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. . Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 - 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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8CHUYLEW HEIM BRIDGE BOWING R48428 ' 
~ O M T C ~  to Reeelvcr and Rccelver to We~elver Analysis 

u Source-Near Receiver, Vs  

+ Near-Far Receivers, Vp 

0 4 QOO 2000 3006 4600 5600 8000 7000 
VELOCITY [Ms) 

Figure A-6. Boring I?-09-028, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 



Table A-6. Boring R-09-028, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's  Ratio 
Based on  Source-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source40-Receiver Travel Time Data - Borehole R-09-028 
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APPENDIX B 

BORING GEOPHYSICAL LOGGING 
SYSTEMS - NlST TRACEABLE CALIBRATION 
PROCEDURES AND CALIBRATION RECORDS 
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YWetralogy 
7?00 Fellwiclc Lane 
Wets~minsler, CA 92683 
'I"oll Free: 866-723-2257 

Manufacturer: o y o  
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160023 
Serial Number: 160023 
Cal. Procedure: Customer 
PO Numbel-: 9200-0907 16-01 

GEOVision Geophysical Services 
1 124 Olympic Drive 

Corona, CA 92881-3390 

Page 1 of 4 

Lab Code: 105014-0 

Ambient Tem~erature: 23" C 
Ambient Humidity: 56% R H  
Condition As Found: In Tolerance 
Condition AS Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 
Calibration Due Date: 07/17/2010 
Calibration Interval: 12 Months 

Remarlts: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in SCE Document MO13987. The data can be found on pages 2 and 3 of this report with the original observation data on page 4. 

Standards Utilized 

Calibrntion Performed By: 1 . ~ u a l i & ~ c v i c w e r - :  
/" 

_ A  - 1 1 
Branson, Craig A Metrologist 71 4-895-071 4 
. -- 
Nnmc Tille Phone 

~ u e - ~ a t e  
07/29/2009 

1 1/04/2009 

01/24/2010 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by t h e  client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0, and in comoliance with ISO/IEC 17025:2005, ANSllNCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 

(;al..Daie - 
01/29/2009 

05/04/2009 

01/24/2009 

the ~ n c e r t a i ~ $ & ~ ~ & ~ ~ \ ~ ~ p 9 " ~ g ~ 1 " ~ ~ ; " , " i n t Y  of the measurement, where k=Z. 
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Counter, Universal 

Generator, Function, Synthesizer 
Standard, Frequency, Controlled, Gps 

--.- ,- - -  - 
+-&lqdeg~b?T~:-tc' 2i;EC-- 

5 3 3 5 ~  OPT oi0,~03040 

3325A 

910 

1.D. NO.. 
SI-01252 

51-01 347 

Sl-03686 

- * , 
Mgn4faGture~ A ; - .  t -: ,'-' 
Hewlett Packard 

Hewiett Packard 

Fluke 
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Remarks: 

,w,,dCn,r CPM: I'errio,~ 2.2.2 (P~oJcrrioi~nl) ATTACIPR/I[ENT 2 Customel- 
S,C DUI: (5) 

D ~ ~ D U I ;  ( , IUIO~J7E-4CSFd650-91CO-~~O5A72E361Cl~ (0) Page 1 of 2 

Test No. 573794 
Custom Specification Report 

Asset NO. 160023 Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 
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STEP 
NUM 

. 

CALIBRATION 
TOLERANCE --- 

49.50 to 50.50 HZ 
[EMU 0.000250] -- 

99.0 to 101.0 Hz 
[EMU 0.000500] -- 

198.0 to 202.0 Hz 
[EMU 0.001000] 

495.0 to 505.0 Hz 
[EMU 0.0025001 

--- 

990 to 1010 Hz 
[EMU 0.0050001 --- -- 

1980 t o  2020 Hz 
[EMU 0.010000] 

-- 

49.50 t o  50.50 Hz 
(EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU O.OOOSOO] 

198.0 t o  202.0 Hz 
[EMU 0.001000] 

495.0 t o  505.0 Hz 
[EMU 0.0025001 

-- 

990 t o  1010 Hz 
[EMU 0.005000] 

1980 t o  2020 Hz 
[EMU 0.010000] 

49.50 to  50.50 Hz 
[EMU 0.000250] - 

99.0 t o  101.0 Hz 
[EMU 0.000500] 

- -  

198.0 t o  202.0 Hz 
[EMU 0.001000] 

495.0 t o  505.0 Hz 
[EMU 0.0025001 

Out 
of 

 TO^ 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

ASLEFT 

Same 

Same 

Same 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

AS FOUND 

50.00 

100.0 

200.0 

FUNCTION 
TESTED 

CH HN 
Frequency 
Sine Wave 

I 

I 
_ _ _ - -  

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

NOMINAL 
VALUE 

50.00 Hz 

100.0 Hz 

200.0 Hz 

-- 

I 

I 
--- - 

I 
--- 

CH HR 
FI equency 
Sine Wave 

I 

I 

I 

I 

I 
- 

CH V 

. _ _  

-.- 

500.0 Hz 

-- 

Frequency 
Sine Wave -- 

1 

I 

I 
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I Rernarlts: I 

A.lt8,lCnlr cpA4: VETSIOII 2.2.2 ( P I O J ~ ~ ~ O I I ~ I )  ATTACHMENT 2 Customer 
Sjc DUI: /9548AF3D-C74D-4C9F-AEEF-2IEFS6OBC4S1] (c) 

Doc DU1: /~lD1OF47E-4CSF4650-9ICB-AO5.4 72E361CIJ (0) Page 2 of 2 
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/ G a 6 2 3  

SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

Counter mfg.: 
Serial no.: 
By: 

Signal generator rnfg.: 
Serial no.: 
By: 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 
Delay: 

Ovo Model no.: 3403 
160023 Calibration date: 711 712009 
Craia Branson Due date: 711 71201 0 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: 1/29/2009 
SCE #S1-01252 Due date: 7/29/2009 

Hewlett-Packard Model no.: 3325A 
2652A25647 Calibration date: 5/4/2009 
SCE #S1-01347 Due date: 1 1/4/2009 

See sample period in table below 
0 

Stack (1 std) I 
System date = correct date and time 711 712009 / O / ?  

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- I % of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*100)% As found 

Calibrated by: Craig Branson 711 712009 
Name Date / Signature 

Witnessed by: Robert Steller 711 712009 
Name Date Signature 

1 Suspension PS Seismic RecorderILogger Calibration Data Form Rev 2.0 July 21 , 2008 1 
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EDISON ES " Calibration Report I llllll l~SQil NiiIiiiill Ill1 IIII 
573795 

\ \ ( I (  / / , I  / < \ ' f  11 //o/,':,/ I i/'l:,[l\ C ~ > i ! l )  ,Ill\- 

Metrology 
7300 Fen~vick Lane 
Westminster, CA 9?(3S3 

GEOVision Geophysical Services 
1 124 Olytnpic Drive 

Corona, CA 92881-3390 

Toll I:~.i.:e: 866-723-2257 
Lab C o d e :  105014-0 

Manufacturer: OYO 
Model Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number: 160024 
Serial Number: 160024 
Cal. Procedure: Customer 

PO Number: 9200-0907 16-01 

Ambient Ternnerature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 07/17/2009 
Calibration Due Date: 07/17/2010 
Calibration Interval: 1 2  Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
i n  SCE Document M013987. The data can be found on 2 and 3 of this report with the original observation data on page 4. 

Standards Utilized 
- - ( I.D. No. 1 - ~ a n ~ f a c t u r e r  : 1 ~ 0 i j G l  NO.. -, - _ - ' _I~escFipt ion-  s --I- - I Cal.   ate ( Due Date ] 

- .  . - L ^ ' '  
Calibration Performed By: - . .- - -- -. -- - 

-: , i 

Branson, Claig A ( ~ 3  Metrologist 714-895-0714 -- --- 
Tlllc P l ~ o n e  N n m e  Nnme 

- - 

SI-01252 

S1-01347 

51-03686 

This report may not be  reproduced, except in full, without written permission of this laboratory. This report must not be used by t h e  client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISOllEC 17025:2005, ANSIINCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
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01 /24/2009 

07/29/2009 

11/04/2009 

01/24/2010 
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Out 
of 

To1 

1 

ASLEFT 

Same 

Same 

--A I 

November 1 1,2009 

CALIBRATION 
TOLERANCE 

49.50 to 50.50 Hz 
[EMU 0.0002501 

99.0 to 101.0 Hz 
[EMU 0.000500] 

I 
- 

ASFOUND 

50.00 

100.0 

200.0 Hz  

500.0 Hz  

1000 Hz  

2000 Hz  

50.00 Hz  

100.0 Hz  

200.0 Hz 

500.0 Hz  

1000 Hz 

2000 Hz  

50.00 Hz  

100.0 Hz 

200.C Hz  

500.0 Hz 

- - 

- 

-- -- 

-- 

- - - -- - - 

VALUE 

50.00 Hz  

100.0 H z  

STEP 
NUM 

r - 

I 

I 

I 

CH HR 
FI equency 
Sine Wave 

I 

I 

I 

I 

I 
-- 

CH V 
FI equency 
S ~ n e  Wave 

I 
- - 

I 

I 

FUNCTION 
TESTED 

CH HN 
Frequency 
Sine Wave 

I 

200.2 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

1001 

2000 

50.00 

100.0 
pp 

200.0 

500.0 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

198.0 to 202.0 Hz 
[EMU 0.001000] 

-- 

495.0 to 505.0 Hz 
[EMU 0.002500J 

990 to 1010 Hz 
[EMU 0.005000] 

-- -- 

1980 to 2020 Hz 
[EMU 0.010000] 

49.50 to 50.50 Hz 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

[EMU 0.001000] 
198.0 to 202.0 Hz 

495.0 to 505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000] 

-- 

1980 to 2020 Hz 
[EMU 0.010000] 
- -- 

49.50 to 50.50 Hz  
VMU 0.000250] 

-- -- 

99.0 to 101.0 Hz 
[EMU 0.000500] 

- 

198.0 to 202.0 Hz 
[EMU 0.001000] 

pp 

495.0 t o  505.0 Hz 
[EMU 0.002500] 
-- -A 



tar l r i  ~v~ecr lar~~cs 111c. rrojecr luumoer u o - - ~ ~ s  

Wemarlts: 

d.ltrdCn1r CPM: I'ers~'osio,j 2.2.2 (ProJerrio,~~,l) 
S,r DUI: (9548AF3D-C74D-4C9F-,IEEF-2lEF560BC451) (c) 
Doc DUI: (1269COB3-3A 13-416A-810F-409D9887DDDd) (0) 

ATTACHMENT 2 
Page 2 of 2 

Customer 

GEOVision Report 9375-01 rev a P a ~ e  71 of 72 November 11, 2009 



tarth IMechan~cs lnc 

SUSPENSION PS SEISMIC LOGGERIRECORDER CALlBRATlON DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

Counter mfg.: 
Serial no.: 
By: 

OYO Model no.: 3403 
160024 Calibration date: 711 712009 
Craig Branson Due date: 711 71201 0 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: I I2912009 
SCE #S1-01252 Due date: 712912009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: SCE #Sl-01347 Due date: 11/4/2009 

SYSTEM SETTINGS: 
Gain: 8 
Filter I OKHz 
Range: See sample period in table below 
Delay: 0 
Stack (1 std) 1 
System date = correct date and time 711 712009 103.7 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)lACT*l 00)% As found 6 - 1 0  % AS left 0. lo .[ 

Calibrated by: Craig Branson 711 712009 
Name Date V~ignature 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Witnessed by: Robert Steller 711 712009 
Name Date Signature 

[ Suspension PS Seismic RecorderILogger Calibration Data Form Rev 2.0 July 21, 2008 

Sample 
Period 

(micros) 
200 
100 
5 0 
2 0 
10 
5 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 
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File 
Name 

501 
5 02 
503 
504 
505 
506 

November 11,2009 

Time for 
9 cycles 

Hn (msec) 

1 9 0 , b O  
90.00 

YY.95  
/%.DO 

9.000 
Y . 5 0 0  

Average 
Frequency 

V (Hz) 
50.~0 
i O 0 . Q  

ZOO.= 

/ooa 
ZBDB 

Average 
Frequency 

Hn (Hz) 
50.00 

I 0 b . 0  

Z 0 0 . k  
5 ~ o . o  

/ O O O  

Ebso 

Time for 
9 cycles 

Hr (msec) 
/do.- 
q q o o  
qs.'.ob 
(8.00 

g.?qo 
q. 50s 

Average 
Frequency 

Hr (Hz) 
50.60 
/ Q ~ . o  

LQD.0 
Fm.0  
/do1 
zoo0 

Time for 
9 cycles 
V (rnsec) 
/ ~ Q . o @  

90.00 
5 .  
1 8.6 Q 

q . o ~ ~  
4,500 



APPENDIX D. 

LABORATORY SOIL TEST RESULTS 



Laboratory No.: 

Date: 

Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) ( ~ c f )  

R-09-009 D-0 1 5 24.5 94.3 

R-09-009 S-03 15 24.7 N A 

R-09-009 D-07 35 52.9 72.3 

R-09-009 S-10 5 0 52.6 N A 

R-09-009 D-I  I 5 5 28.6 92.9 

R-09-009 D-I 3 6 5 32.0 89.6 

R-09-009 S-14 70 29.2 N A 

R-09-009 S-16 80 26.6 N A 

R-09-009 S-19 I 1 0  12.0 N A 

R-09-009 S-22 140 9.6 N A 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-123-03 



Laboratory No.: 

Date: 

Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-009 U-09 45 I .38 

R-09-009 D-13 65 2.86 

POCKET PENETROMETER DATA 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-123-03 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) (%) 

R-09-009 S-02 10 5.44 
R-09-009 S-04 20 3.42 
R-09-009 S-06 3 0 67.93 
R-09-009 S-07 3 5 99.1 5 
R-09-009 D-11 55 63.85 

PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 





AP E~gineering & Testing, ins. 

G M I N  SIZE DISTRIBUTION CURVE 
ASTM D 422 

Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 1 211 1 109 
Checked by: AP Date: 1211 2/09 

GRAVEL SAND SILT OR CLAY 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SIZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

' Gravel Sand Fines LL:PL:PI 
ASTM 

(feet) D 2487 

O R-09-009 S-16 80 0.00 85.64 14.36 NIA SM 

• R-09-009 S-19 11 0 23.28 66.13 10.59 N/A SW-SM 

A R-09-009 S-22 140 39.61 50.88 9.51 NIA SW-SM 







AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 12/01 I09 
Project No.: 06-1 23-03 Checked By: AP Date: 1211 2/09 

50 

=' 

a 40 :: 
n 
Z g 30 - 
0 + 
V) 5 20 
a 

10 

0 
0 10 20 30 40 50 60 70 80 90 100 

LIQUID LIMIT (LL) 

PROCEDURE USED 
65 

Wet Preparation 
60 

C 

Dry Preparation .y c 0 
c 
," 55 

ProcedureA 2 
3 
CI 

Multipoint Test .- U) 
50 

Procedure B 
One-point Test 45 

10 25 I 0 0  

Number of Blows 

* NP denotes "non-plastic" 

u.s.c.s 
Symbol 

CL 

PI 

22 

NP 

P L 

27 

NP 

LL 

49 

NP 

Depth 
(feet) 

50 

65 

* 
Boring 
Number 

R-09-009 

R-09-009 

Sample 
Number 

S-10 

D-13 



A? Engineering & Tesfing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 01 10511 0 
Project No.: 06-123-03 Checked By: AP Date: 01 10711 0 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL PL PI U.S.C.S 

Number Number (feet) Symbol 

+ R-09-009 D-I I 55 27 22 5 ML 



AP Engineering & Tesiing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 12/01/09 
Project No.: 06-1 23-03 Checked By: AP Date: 1211 2/09 

50 

- 
40 

X 
W 
n z 

30 - 
U - 
I- 3 20 
n 

10 

0 

0 10 20 30 40 50 60 70 80 90 100 

LIQUID LIMIT (LL) 

PROCEDURE USED 
35 

Wet Preparation 
30 - 

C 

Dry Preparation +. c 0 

C 

$ 25 
ProcedureA S! 

3 
C1 

Multipoint Test .- U) p 20 

ProcedureB 
One-point Test 15 

10 25 100 

Number of Blows 

* NP denotes "non-plastic" 

U.S.C.S 
Symbol 

ML 

Boring 
Number 

R-09-009 

P L 

NP 

PI 

NP 

Sample 
Number 

S-14 

Depth 
(feet) 

70 

LL 

NP 



SPECIFIC GRAVlTV 
ASTM D854 

AP Number: 29-1 121 

Client: Name: Earth Mechanics, Inc. 
Project Name: ACTA Heim Bridge Replacement Data Input By: KM 
Project No. : 06-123-03 

SOIL CLASSIFICATION 



CORROSION TEST RESULTS 

AP Engineering & Testing, Inc. 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 41 7 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 



AP Engineering & Testing, lnc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 11/22/09 

Boring No.: R-09-009 Date: I211 1 I09 

Sample No.: D-01 Depth (ft): 5 

Description: Olive Gray Silty Sand 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks 

Number Ring Wt. (ksf) Reading (psf) Reading (psf) 

I 187.24 45.73 0.3 468 408 

2 185.57 46.01 0.5 660 552 

3 185.47 47.59 1 .O 888 780 





AP Engineering 8( Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 11/22/09 

Boring No.: R-09-009 Date: 1211 1 I09 

Sample No.: D-15 Depth (ft): 75 

Description: Gray Poorly-Graded Sand 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Regular Shearing Shear Rate (inlmin): 0.005 

Residual Shearing 5 Passes Shear Distance (in): 0.3 

r 

Sample 

Number 

I 

2 

3 

Max. Shear 

Reading (psf) 

31 80 

641 9 

7307 

Sample + 

Ring Wt. 

196.88 

196.90 

196.92 

Ultimate Shear 

Reading (psf) 

21 72 

4536 

5388 

Remarks Ring Wt. 

44.1 3 

43.86 

42.89 

Normal Load 

(ksf) 

4.0 

8.0 

10.0 







Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) ( PC~? 

R-09-01 I D-02 10 27.2 91.4 

R-09-011 D-04 20 26.6 97.2 

R-09-011 5-07 35 39.1 NA 

R-09-011 D-08 40 35.1 87.9 

R-09-011 D-10 50 39.8 78.5 

R-09-01 I S-I  I 55 38.8 NA 

R-09-011 S-13 6.5 32.2 N A 

R-09-011 S-15 75 21.8 NA 

R-09-01 I D-16 80 28.9 97. I 

R-09-011 S-19 110 22.1 NA 

R-09-011 S-23 150 18.7 NA 

MOISTURE AND BENSI"P TEST RESULTS 

Client Name: Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-01 I D-10 50 0.50 

R-09-01 I U-14 70 3.25 

POCKET PENETROMEER DATA 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) (%) 

R-09-01 I D-02 10 6.60 
R-09-011 D-04 20 4.17 
R-09-011 U-06 30 23.02 

PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 







AP Engineering & Testing, tnc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: DK Date: 12/08/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 1211 1 109 

Checked by: AP Date: 1211 2/09 

GRAVEL SAND SILT OR CLAY 

COARSE FINE 2OARSE MEDIUM FINE 
I 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

--- 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

O R-09-011 S-17 90 0.00 85.42 14.58 NIA SM 

[r] R-09-011 S-19 110 0.00 84.84 15.16 NIA SM 

A R-09-011 S-23 150 7.02 75.27 17.71 NIA SM 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement 
Project No.: 06-1 23-03 

Tested By: DK Date: I 1/24/09 
Checked By: AP Date: 1211 2/09 

PROCEDURE USED 

Wet Preparation 

Dry Preparation 

I Procedure A 
Multipoint Test 

ProcedureB 
One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

Q R-09-011 S-07 35 29 23 6 CL-ML 

A R-09-011 D-08 40 29 22 7 CL-ML 

I * NP denotes "non-plastic" I 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: I 1/24/09 
Project No.: 06-123-03 Checked By: AP Date: 1211 2/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 
Number Number (feet) Symbol 

+ R-09-011 D-10 50 5 1 23 28 CH 

A R-09-03 1 S-3 I 55 3 1 26 5 ML 





CORROSlON TEST RESULTS 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 417 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 



SPECIFIC G W V I W  
ASTM D854 

APNumber: 29-1121 

Client: Name: Earth Mechanics, Inc. Tested By: KM Date: 1 1/24/09 
Project Name: ACTA Heim Bridge Replacement Data Input By: KM Date: 1211 1 I09 

Project No. : 06-123-03 Checked By: AP Date: I 211 1 I09 

BORING NUMBER R-09-0 I I 

SAMPLE NUMBER U-14 

DEPTH (FT) 70 

SOIL CLASSIFICATION 

I 
METHOD (A OR B) B 

FLASK NUMBER 2 

WT. FLASK+WATER+SOIL, g 368.25 

TEMPERATURE, "C 19.8 - -  
CORRECTION FACTOR 1 .OOOO 

WT. DRY SOIL, g 46.78 

WT. FLASK + WATER, g 249.30 

% RETAINED #4 0.00 

% PASSING #4 100.00 

MATERIAL EXCLUDED None 



VERTICAL STRESS (ksf) 

At Field Moisture After Saturation 

Initial Dry Unit Weight (pcf): 77.3 

Initial Moisture Content (%): 39.8 

Final Moisture Content (%): 39.1 

Assumed Specific Gravity: 

Soil Description: Fat Clay Initial Void Ratio: 

CONSOLIDATION CURVE 
ASTM D 2435 1 111 712009 



10 

Time (minutes) 

Boring No. : R-09-011 Sample Type: Mod. Cal. 

Sample No.: D-1 0 Soil Description: Fat Clay 

Depth (feet): 50 Vertical Pressure (ksf): 1 

Test Condition: Saturated 

Time (minutes) Dial Reading (inches) 
0.1 0.3666 
0.25 0.3664 
0.5 0.3661 
1 0.3659 
2 0.3655 
4 0.365 
8 0.3645 

1440 0.3625 

CONSOLIDATION CUWE 
ASTM D 2435 







10 20 30 

Square root Time (minutes) 

Boring No. : R-09-011 Sample Type: Mod. Cal. 
Sample No.: D-10 Soil Description: Fat Clay 
Depth (feet): 50 Vertical Pressure (ksf): 4 

Test Condition: Saturated 

( SQRT Time (minutes) 1 Dial Reading (inches) 1 

CONSOLIDATION CURVE I Project No.: 06-123-03 
ASTM D 2435 Date: 1 1 11 7/09 





AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 27.2 % 
Moisture Content (after): 

Sample Type: Cal. Mod. 
Soil Description: Gray Poorly-Graded Sand wl silt 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters Peak Ultimate 



AP Engineering & Testing, lnc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 2/01 109 

Boring No.: R-09-011 Date: 1211 1 I09 

Sample No.: D-12 Depth (ft): 6 0 

Description: Gray Sandy Silt 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks 

Number Ring Wt. (ksf) Reading (psf) Reading (psf) 

1 197.56 43.02 3.0 2487 2003 

2 196.67 44.97 6.0 4596 41 04 

3 192.17 43.27 9.0 6359 5879 





VERTICAL STRESS (ksf) 

+At Field Moisture After Saturation 

Initial Dry Unit Weight (pcf): 104.2 

Initial Moisture Content (%): 22.0 

Final Moisture Content (%): 20.4 

Assumed Specific Gravity: 

Soil Description: Sandy Silt Initial Void Ratio: 

CONSOLIDATION CURVE 
ASTM D 2435 









Square root Time (minutes) 

Soil Description: 
Vertical Pressure (ksf): 
Test Condition: 

CONSOLIDATION CURVE 
ASTM D 2435 
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SITE SPECIFIC GROUND MOTION MEMOFUNDUM 



  
 
 

17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  

 
 



Schuyler Heim Bridge Replacement Project 
Site-Specific Ground Motion Study – ARS Comparison 

February 8, 2010 
Page 5 

 

17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 19.4 in

Min= -15.8 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 6 - FN

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 39.1 in/s

Min= -18.6 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.51 g

Min= -0.45 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 



 

APPENDIX F. REVIEW COMMENTS AND RESPONSES 

 



Rc: MSE Wall BDA Section 

Subject: Re: MSE Wall BDA Sectioil 
From: Seungwoon Hail <seungwoon - l~an@dot.ca.gov> 
Date: Mon, 12 Apr 2010 12:09:05 -0400 
To: Arid Arulmoli <asiili~~oli@eai.tl~~~ecl~.com> 
CC: Eric Brown <e.bsowl@eartl-~n~ecl~.coi~~>, "Haitao-Liu@dot.ca.gov" <Haitao Liu@doi.ca.gov>, 
Pal Wilson <P. Wilsoi~@eaitl~mecl~.coi~~>, Ranjan Gui~al-anjai~ <ra i~j rn@ea. t l~ i~~ec~.coi~~>,  Dell-Jeng 
Jang <dell-jeilgj mg@dot.ca.gov> 

Arul, 

As we discussed over the phone, I summarized our comments below. Please note that all comments 
below, and our previous comments on the bridges are applicable to all the wall reports. Also, I removed 
some of comments that we resolved during discussion. If you have any questions, Please contact us. 

Comments on retaining wall reports 

1. Please revisit idealized soil profile and parameters, and revise them if necessary. Especially when 
global slope and external stability is considered, a failure tend to develop through a weak layer, which 
should be considered in the design. Therefore, layers with averaged parameters may not represent the 
weak layers. Also confirm undrained residual strength of liquefiable layers. 

2. Please provide stability analysis for each phase construction if strength increase is considered with 
phase construction. 

3. Please check allowable static long-term and short-term settlement, and seismic induced settlement 
with the Structure. Especially, caltrans standard cantilever walls may not carry the settlement estimated 
in the report. Also, when calculating bearing capacity of the standard wall, settlement should be 
considered since settlement will control the footing design for most sandy soils. 

4. Backfill material and soil corrosivity requirement should conform to our standard special provision 
(SSP) for MSE wall. The requirement in SSP is more stringent than that in BDS. 

5. Please provide a table showing bearing capacity FOS and minimum strap length to meet external 
stability, global stability and settlement. 

6. Structural backfill is assumed to have a friction angie of 34 degree with zero cohesion, and 
compacted to a minimum 95 percent. 

7. For Wall A l ,  please check inputs regarding a spreadsheet, "Stress at Various Points Below an Earth 
Embankment." The Inputs for embankment geometry is not consistent with real embankment geometry. 

8. Please verify bearing pressure of MSE wall. Caltran will also check BDA provided by EM1 

9.For Wall H I ,  end bearing of ClDH pile for retaining wall should be limited to consider potential defect 
at the pile bottom during construction. Also, ClDH pile construction should comply to Caltrans SSP. 



A ACREE FULLY WILLCOhlPLY 
0 AGREE PMTLY SEENOTED EXCEPTION5 
? FIIWRRFF RFABOffiARENOlEO 

NO. 

1 

. - . - . . - - - 

D COIMENT HAS BEEN SUPERCEDED BY DESIGN DNELDPhIENT Page 1 of 3 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. 

Tab: Walls 65% PS&E 

Reviewed By: COMMENTS 

Please revisit idealized soil profile and parameters, and revise them if 
necessaiy. Especially when global slope and external stability is 
considered, a failure tend to develop through a weak layer, which should be 
considered in the design. Therefore, layers with averaged parameters may 
not represent the weak layers. Also confirm undrained residual strength of 
liquefiable layers. 

RESPONSE BY: 

Patrick Wilson 
(PW). 

Eric Brown (EB). 
K. Aml Arulmoli 
(KA). Kandiah 

Pratheepan (KP) 

ACTION 
REQ'D 

A 

RESPONSE 

I. Wall A i .  The residual shear strength for the liquefiable 
material between El. -5 ft and -22 ft was revised to be 
700 psf consistent with the lowest NI(6O-CS) blowcount 
in that layer; 13 bpf for R-09-0381 D-4. Revised global 
stability analysis indicates a pseudo-static factor of 
safety greater than 1.1, meeting Caltrans requirements. 
Revised global stability calculations are attached. 

II. Wall C1. The residual shear strength for the 
liquefiable material between El. -1 1 ft and -25 fl was 
discretized into two layers (1) the material between El. - 
11 ft to -20 ft revised to be 1200 psf consistent with the 
lowest Ni(60-CS) blowcount in that layer of 24 bpf for R. 
09.00915-4 and (2) material between El. -20 ft to -25 fl 
revised to be 600 psf consistent with the lowest Nl(60- 
CS) blowcount in that layerof 10 bpf for sample R-09- 
01 11s-5. Revised global stability calculations are 
attached. 

Ill. Walls EllE2. The critical layer in the global stability 
analysis is the material between El. -5 ft and -17 ft and 
is modeled as 600 psf, which is supported by triaxial 
test results performed on three different samples; R-09- 
033111-4, R-09-0341U-3 and R-09-0351U-3. 

IV. Walls GllG2. The idealized soil profile beneath walls 
GilG2 has been revised. The critical revision was the 
reduction of the undrained shear strength in the layer 
from -6 to -23 ft to 650 psf, which was verified as the 
most conservative strength in that layer, according to 
the lab test data. 

V. Wall Hi. The undrained shear strength of material 
between El. -5 ft and -30 fl was reduced from 750 psf to 
700 psf, which is supported by triaxial test results 
performed on samples R-09-0361U-5 and R-09-0371U-6. 

DATE 

STATUS 
(OPEN 1 
CLOSED) 



RESPOlBESFOR WTIi3tREaD 
A AGRCC FULLY WILLCOMPLY 
B AGRCE PARTLY SEENOTED EXCEPIIONS 
C DISAGREE REASONfi ARE NOTED 

MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E l  (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE 
Wall G I  (Bridgle No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H I  (Bridge No. 53-XXXX) 

D C O U I l E N i W  BEENSUPERCEDED BY DESIW OEVELWhlENl 
E OUESTIONONLY ANSWERTHEOUESTION 

Page 2 of 3 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 

Tab: Walls 65% PSRE 

COMMENTS 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

PWIEB IKA  

P W I  EB I KA I KP 

PW I EB I KA I KP 

PW I EB I KP 

FORM 

Caltrans District 7 
Geotechnical Design South - 2 

District-Co-Rte-PM: 

EA No.: 

DATE 

April 12. 2010 

ACTION 
REQ'D 

A 

A 

A 

A 

Milestone: 
Consultant: 

NO. 

2 

3 

4 

5 

SUBMITTAL REVIEW 

07-LA-47-PM (Varies) 
238501 

RESPONSE 

Will comply. Strength increase due to consolidation of 
fine grained layers was considered in the global stability 
analysis of MSE walls E1-E2 and MSE wall GI. Global 
stabiiity analysis for the temporary condition during 
constmction for these walls indicate a factor of safety 
greater than 1.25 for all wails. Global stability 
calculations for the temporary condition for these walls 
are attached. 
Will comply. Based upon our conversations with wall 
contractors, the allowable differential settlement for an 
MSE Wail is 1% along the wall length. Static and 
seismic settlement calculations indicate the anticipated 
differential settlements are within the tolerable limits for 
MSE walls. 

For retaining wall G2 (standard cantilever wall) the 
settlement analysis has been revised to account for the 
proposed staged constmction and indicates the 
anticipated static settlement beneath the proposed wall 
afterfooting construction is less than 4 inches with a 
maximum differential settlement of 2 inches along the 
wall length; which is considered within the tolerable 
limits of a Caltrans Standard Type 1 wall. The 
recommendations in the report have been revised to 
require that wall G2 should not be constucled until the 
settlment period for the embankment is complete (a 
temporary shoring wall will be required to retain the 
embankment during the settlement period). The revised 
settlement calculations are attached. 

The bearing capacity calculations for retaining wall G2 
have been revised according to the methodology 
proposed by Meyerhoff (1956) considering that the 
footing will be embedded in granular fill material 
compacted to 90% relative density. The revised bearing 

Will comply. The corrosion requirements for MSE 
backiill will be revised and are attached. 
Will comply. A table will be added lo the "Bearing 
Capacity" section that will list the FOS for bearing 
capacity and global stability for a range of strap lengths. 
A sample table for MSE Walls El-€2 is attached. 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. 

65% PSLE 
Earth Mechanics. 

Reviewed By: 

Inc. 

COMMENTS 

Please provide stability analysis for each phase construction if strength 
increase is considered with phase constmction. 

Please check allowable static long-term and short-term settlement, and 
seismic induced settlement with the Structure. Especially, caltrans standard 
cantilever walls may not carry the settlement estimated in the report. Also, 
when calculating bearing capacity of the standard wall, settlement should 
be considered since settlement will control the footing design for most 
sandy soils. 

Backfill material and soil corrosivity requirement should conform to our 
standard special provision (SSP) for MSE wall. The requirement in SSP is 
more stringent than that in BDS. 

Please provide a table showing bearing capacity FOS and minimum strap 
length to meet external stability, global stability and settlement. 
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MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E l  (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE 
Wall G I  (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H I  (Bridge No. 53-XXXX) 

C DISAGREE REASWSARENOTED 
D COI.IMENT HN BEEN SUPERCEDED BY DESIW DEVELOPMENT 
E WESTIONONLY ANSWERTHE WESTION 

Page 3 of 3 

CURRENT 
STATUS 
(OPEN 1 
CLOSED) 

SUBMITTAL REVIEW COMMENTS FORM 

Tab: Walls 65% PS&E 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

PW I EB I KA I KP 

PW I EB I KA I KP 

PW 1 EB 1 KA 1 KP 

PW I EB I KA 

PW I EB I KA I KP 

P W I  E B I W  I K P  

PW EB KA KP 

Callrans District 7 
Geolechnical Design South - 2 

District-Co-Rte-PM: 

EA No.: 

DATE 

April 12, 2010 

07-LA-47-PM (Varies) 
238501 

Milestone: 
Consultant: 

NO. 

6 

7 

8 

9 

10 

11 

12 

ACTION 
REQ'D 

A 

A 

A 

A 

A 

A 

A 

65% PS&E 
Earth Mechanics, 

Reviewed By: 

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. RESPONSE 

Will comply. Idealized soil profiles and global stability 
analyses have been revised to reflect a 34 degreelzero 
cohesion material for structural backfill. 
Will comply. The stress calculations as part of the 
settlement analysis beneath MSE Wall A1 which now 
reflect the current geometry of the proposed 
embankment are attached. 
Will comply. Based upon our conversations with the 
designerj, the demand bearing pressures listed in the 
Caltrans BDA (2002) are suitable for use in determining 
demand bearing pressures for walls with a level bacMill 
and equivalent vehicle surcharge. 
Will comply. Axial capacity calculations have been 
revised to limit the end bearing to no more than 20% of 
the nominal resistance. Revised axial pile capacity 
calculations are attached. 

Also, the recommendations provided in Section 6.2 
"CIDH Pile Construction" have been confirmed to be in 
compliance with Caltrans SSP'S. 

Will comply. LOTB's have been revised to only show 
SPT blowcounts. 

Will comply. Settlement rate calculations have been 
revised to use the lowest consolidation coefficient 
determined from lab testing. Revised settlement 
calculations are attached. 
A section will be included to each report that addresses 
the settlment benath adjacent utilities. 

inc. 

COMMENTS 

Structural backfill is assumed to have a friction angle of 34 degree with zero 
cohesion, and compacted to a minimum 95 percent. 

For Wall AI, please check inputs regarding a spreadsheet, "Stress at 
Various Points Below an Earth Embankment." The Inputs for embankment 
geometry is not consistent with real embankment geometry. 

Please verify bearing pressure of MSE wall. Caltran will also check BDA 
provided by EMI. 

For Wall HI ,  end bearing of ClDH pile for retaining wall should be limited to 
consider potential defect at the pile bottom during const~clion. Also, ClDH 
pile construction should comply lo Caltrans SSP. 
From Review of Bridge Foundation Reports - Log of Test Borings. 
Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs. 

From Review of Bridge Foundation Reports - Consolidation Coefficient (CV) 
is a function of the effective overburden and pre-consolidation stress for a 
given soil. Please present the correlation curve between consolidation 
coefficient and applied vertical pressure, and select the lowest coefficient, or 
the coefficient value under the actual effective overburden by the end of 
construction for the settlement evaluation. 

Settlement of adjacent utilities. 



May 10,2010 
EM1 Project No. 06-123-03 

Alarneda Corridor Transportation Authority 
One Civic Plaza, Suite 350 
Carson, California 90745 

Attention: Mr. Lucien Hersh, P.E. 
Project Manager 

Subject: Firznl Fourtdation Report, Retnirtirzg Wall I%P 
Los Arzgeles County, Califorizia, (7-LA-47, PM 0.18, EA 238501) 

Dear Mr. Hersh: 

Attached is our Final Foundation Repol-t for the subject retaining wall. This report presents the 
findings and conclusions of our geotechnical investigation as well as analyses results and 
recommendations for design and constmction of the subject retaining wall. 

The Foundation Report for the subject wall, dated February 10, 2010, was submitted to Caltrans. 
The Caltrans Office of Geotechnical Design Soutll 1 (OGDS-1) reviewed the report and provided 
their cormnents on April 12, 2010. EM1 developed responses to the OGDS-1 review comments 
and submitted them on May 4,2010. OGDS-1 review comments and EM1 responses are included 
in Appendix E. The responses to these review comnents have been incorporated into tlGs Final 
Foundation Repol-t. We appreciate the oppol-tunity to provide geotechnical services for this 
project. If you have any questions please call us. 

Sincerely, 

EARTH MECI--IANICS, INC. 

NO. GE 2806 
EXP. 6-30-2010 

Patrick Wilson, P1D Eric Brown, GE 
Staff Engineer Senior Engineer 

(Arul) K. Arulmoli, PlD, GE 
Project Manager 

17660 Newhope Street, Suite E, Fou1ltail1 Valley, California 92708 Tel: (7 14) 75 1-3826 Fax: (7 14) 75 1-3928 
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RETAINING WALL H1 
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Prepared for: 

Alameda Corridor Transportation Authority 
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Carson, California 90745 

Prepared by: 

Earth Mechanics, Inc. 
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Fountain Valley, California. 92708 
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May l C ,  2010 
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1.0 INTRODUCTION 

1.4 Purpose Scope of Work 

T h s  Foundation Repol-t presents the findings and conclusions of a geotechnical investigation 
conducted by Earth Mechanics, Inc. (EMI) for the proposed Retaining Wall HI in Los Angeles 
County, Califoniia. The report has been prepared in general accordance with Caltrans Guidelines 
for Foundation Investigation and Reports (Caltrans, 2006e). It presents results of our foundation 
analyses and provides design and construction recoinmendations to assist the bridge designers in 
preparing the project Plans, Specifications, mid Estimates (PS&E) for the project. 

?he geotechiical services provided for this project included the following taslcs: 

0 Collection and review of existing geotechnical information; 
B Field exploration consisting of drilling, sampling and logging exploratory borings; 
0 Laboratory testing of selected bullc and relatively undisturbed soil samples; 
a Engineering analysis to develop foundation design and constiuction recommendations; 
e Preparation of this report presenting our findings, conclusions, and recommendations. 

1.2 Project Description 

The Sr;huyle~ Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a 
joint. partnership between Caltrans and the Alameda Corridor Transportation Authority (ACTA). 
The project proposes to replace the seismically deficient Schuyler Heim Bridge over Cerritos 
Channel aid add a four-lane elevated roadway connection to Alameda Street that will bypass 
three sig~lalized ir~tetersections and five at-grade railroad crossings. The location of the project is 
sliowi~ in Figwe I .  

'I'he proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge with an elevated profile to provide a minimum vertical clearance of 
47 ft in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The 
proposed bridge replacement project includes bridge structures along the southbound exit ramps 
and northbound entrance ramps at New Dock Street and State Route-103 (SR-103). This report is 
prepared for the proposed Retaining Wall H1 located on the east side of the SR-471Henry Ford 
Ave~ue  connecior ramp (Figure 2). 

Retaining W-all HI, located along the eastern edge of the SR-471Henry Ford Avenue connector 
rm-p beiwcen Sta. 702+90 and Sta. 707-t.25 ("Hy' Linej is proposed to be a Caltrans Type 1 
retaining wall and uill be approximately 428 A !ong with retained lieiglits varying from 4 ft to 
10 ft. 

1.3 Limitations 

This report is inrended for use by Alaneda Corridor Transportation Authority (ACTA), its 
design team members, mid the California Department of Transportation (Caltrans) for the 



proposed Retaining Wall HI. This repol-t is based on the project as described 11erein and the 
ilxFoi~nation obtained fiom the exploratory borings at the approximate locations indicated on the 
attached plans. The findings and recommendations contained in this report are based on the 
results of the field investigation, laboratory tests, and engineering analyses. Also, soils and 
subsurface conditions encountered in the exploratoiy borings are presumed to be representative 
of the project site; however, subsurface conditions and characteristics of soils between 
exploratory borings can vary. Findings reflect an interpretation of the direct evidence obtained. 
Recommendations presented herein are based on the assumption that an appropriate level of 
quality coi~trol and quality assurance (inspections and tests) will be provided during construction. 
EM1 should be notified of any pertinent changes in the project plans or if subsurface conditions 
ase found to vary from those described herein. Modifications to the project plans or variations in 
subsurface conditions may require re-evaluation of the reconmendations contained in this repol-t. 

'I'he data, opinions, and recommendations contained herein are applicable to the specific design 
elements and locations which are the subject of this report. Data, opinions, and recomnendations 
herein have no applicability to any other design elements or to any other locations, and any and 
all subsequent users accept any and all liability resulting from any use or reuse o f  the data, 
opinions, and recommendations without the prior written consent of EMI. 

EMI is no1 responsible for construction means, metl~ods, teclmiques, sequences, or procedures, 
or for safety yrecautions or programs in connection with the construction, for the acts or 
om~ssions of the Contractor, or any other person performing any of the construction, or for the 
failure of any worker to carry out the construction in accordance with the Final construction 
drawings and specifications. 

Services perfol-tned by F,MJ were conducted in a manner consistent with that level of  care and 
skill ordinarily exercised by members of the profession currently practicing in the sarne locality 
under similar conditions. No other representation, expressed or implied, and no warranty or 
guarantee is ilicluded or intended. 





~ --- - 

UYLER HElM BRIDGE 

Date: 5-1 0-1 0 Project No. 06-123 1 Structure Location Map Figure 



2.0 FIELD INVESTIGATION AND LABORATORY TESTING 

2.1 Existing Information 

Existing subsurface iilfornlation sun-ounding the Sclluyler Heim Bridge is available from reports 
prepared by LKR Group, Lnc. (LKR, 1998), MAA Engineering Consultants, Inc. (MAA, 1993) 
and Diaz-Youi-man and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler 
Heim Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade 
Separation Project, respectively. From these three sousces, the nearest boring to Retaining Wall 
HI is shown on the as-built Logs-of-Test-Boring (LOTB) sheets prepared by LKR for the 
seismic retrofit of the Schuyler Heiin Bridge and is approximately 950 ft south of the southern 
end of the proposed wall pair. 

2.2 Supplemental Field Exploration 

A geoteclmical field investigation was conducted by EM1 for the entire project between October 
arid November, 2009 which included a total of 22 hollow-stem auger borings, 42 rotary wash 
borings and 38 CPT soundings for embanlunents and structures and 14 additional hollow-stem 
auger borings for pavement. From that exploration program, two rotary wash borings, one CPT 
sounding and three hollow-stem auger borings were perfomled in the vicinity of Retaining Wall 
141. The purpose of the explorations was to log subsurface conditions and collect soil samples 
from locations near the proposed wall. Soil exploration information is summarized in Table 1. 
Approximate locations oi' the explorations perfonned by EM1 for this project are shown on 
Figwe 3 and on the LOTR sheets included at the end of this report. Upon completion, the 
exploration locations were surveyed by Wagner Engineering & Swvey, Inc. (WES) under a 
subcontract wit11 E M .  

2.2.1 Soil Borings 

The borings sussoinding the proposed retaining wall were perfonned at grade on the shoulder of 
the existing SR-47IHe1n-y Ford Avenue Off-Ramp. The deepest boring penetrated down to about 
elevation -1 00.0 fi, approximately 99.2 ft below ground surface. 

Rotary borings were performed by C&L Drilling Co. (C&L) and SoCal Drilling Co. (SoCal), 
under a subcontract with EMI, using a truck-mounted drill rig equipped with 5-in diameter tri- 
ccne drill bit and a mud-rorary circulation drill system. Auger borings were performed by 2R 
Drilling Ce. (2R): under a subcontract with EMI, using a truck-mounted hollow-stem auger drill 
rig equi-pped with 8-inch diameter augers. Subsurface soils and conditions were logged and 
samples of soils were collected for laboratory testing. Large bulk samples of near-surface soils 
were logged and collected. Smaller soil samples were collected from borings generally at 5 ft 
vertical intervals by means of split-spoon drive samplers; the Standard Penetration Test (SPT) 
sampler and the Modified California Drive (MCD) sampler were used to collect small disturbed 
and relatively undisturbed samples, respectively. The MCD is a split-barrel sampler with a 
tapercd cutting tip and lined with a series of 1 inch tall brass rings. The SPT sampler (1.4 inch 
ID) and MCD sampler (2.4 indl ID, 3.25 inch OD) were driven using a 140 pou~id hammer 



falling 30 inches down a total depth of 18 inches or uultil refusal. The blowcounts for the last ft of 
penetration were recorded on the boring logs. 

As pal? of the field investigation, SPT hammer energy measurenients were perfoi~ned by 
Ea-thspectives (ES) under a subcontract with EMI. Based on those measurements, the average 
hammer efficiency was 62 percent in the borings perfonned by C&L, and 79 percent in the 
borings performed by SoCal and 80 percent in the borings perfoimed by 2R. A copy of the ES 
report is provided in Appendix A. 

Boring geophysical measurements were also collected by GeoVision under a subcontract with 
EM1 in six uncased borings as part of the project. Compression (P) and shear (S) wave velocities 
were measured along the entire boring depth at the six selected boring locations. A copy of the 
GeoVision report is provided in Appendix B. 

TABLE 1. SOIL EXPLORATION INFORMATION 

Approx. Approx. Bottom of 
Approx. Approx. Approx. 

Boring Line Station Offset (ft) GSE (ft) 
GWE Boring Elevation Method 

(ft) (ft) 

R-09-036"' 702+90.6 88.2 Lt +3.4 -11.6 -72.6 
-- - -- - - . 

RW 
- -- - 

K-09-037"' 704+03.1 48.5 Rt -0.9 -8.4 -82.4 
. - - --- - - -. 

RW 
- -- 

~.-.09-106(~' "H" 704+28.8 22.2 Lt 1-1.0 NE -10.5 
- -. - 

HS A 
- -- - -- ... 

1%-09-4 09(~) .Line 705+91.0 37.0 Rt +0.9 NE -10.6 
- -. - - -- . . 

HS A 
...-- ... -- . - .. 

A-09-1 10'~' 707+76.3 39.2 Rt +1.2 NE -10.3 
.- --- - - - --- -. - - 

HSA 
. . - . . .- .- -. .. - . .. - 

CPT-09-066 702+17.7 51.1Rt -0.8 NR . -100.0 CPT 

Notes: 1. Boringperforn~ed by C&L. Drilling Co. 
2. Bnringperfonned by SoCalDrilling Co. 
3 Eoring performed by 2R Drilling Co. 
4. G WE = Groundwater Elevation. 
5. GSE = Ground Surface Elevation (estimatedfionz topographic plans). 
6. Top of Boring Elevation Based on NAVD88. 
7. R W = Rotur-y Wash, HSA = Hollow Stem Auger, CPT = Cone Penetration Test. 
8. h;H = Not Recorced, NE = Not Encountered. 

2.2.2 CPT Soundings 

Cone Penetrztion Test (CPT) soundillgs were performed by Middle Earth Geo Testing, Inc. 
(!diddle TiartZ1) under a subcontract w ~ t h  EMI, using an electronic cone penetrometer in general 
nccorda~lce with the curreill ASThI Slandards (ASTM D5778 and ASTM D3441). The CPT 
equiprnent cvrlsisted of a cone penetrometer assembly mounted at the end of a series -of hollow 
sounding rods. The cone penetrometer assembly consisted of a conical tip with a GO" apex angle 
and a projected crosr sectional area of 1.55 in2 (10 cm2) and a cylindrical friction sleeve with a 
surface area of 23.25 in2 (150 cm2). The interior of the cone penetrometer is instnmlented with 
strain gauges th3t allow simultaneous measurements of cone tip and friction sleeve resistance 
during peneiration. Tile cone penetrometer assembly is coiltjnuously pushed into the soil by a set 



of l~ydra~~l ic  rams at a standard rate of 0.79 inch per second (20 mm per second) while the cone 
tip resistance and sleeve friction resistance are recorded every 1.967 inches (50 mm) and stored 
in digital folin. A specially designed all wheel drive 25-ton truck provides the required reaction 
weight for pusl~ing the cone assembly and is also used to transport and house the test equipment. 
The computer generated graphical logs include cone resistance, friction resistance, and friction 
ratio. Soil behavior type interpretations are based on guidelines by Robertson and Campanella 
(1 989). 

2.3 Laboratory Testing 

Laboratory tests were performed to determine relevant physical characteristics and engineering 
properties of the in-situ soils at the site. Selected soil samples were tested to determine soil type 
and other physical and engineering propel-ties. A list of tests performed, the corresponding test 
methods, and purpose of testing is presented in Table 2. 

The laboratory soil tests were conducted in general accordance with California Test (CT) 
methods or American Society for Testing and Materials (ASTM) standards. The distribution of 
laboratory tests is shown on the LOTB sheets at the end of the report and test results are given in 
Appendix C. 

i 
i TABLE 2. EXPLANATION OF LABORATORY TESTS PERFORMED 

I I Applicable Test i 
! Type of Test I Method Purpose 
3 

Dry Density / ASTM D 2937 1 Estimate in-situ dry soil dens' 
i... .--..-.-............- ....-..... ---- --.- ; .............. 1 

I Moisture Content / ASTM D 2216 1 Estimate in-situ soil moisture content 
i .......... -- ... I 
1 No. 200 Wash f ASTM D 1140 1 Determine the percentage of fine-grained  articles of soil 1 
I Sieve Analysis & / 

1 ASTM D 422 1 Determine particle size distribution of soil Hydrometer I 
I i Atterberg Limits / ASTM D 43 18 1 Determine plasticity of fine-grained soil 

j ................................ 
i Specific Gravity / ASTM D 854 / Determine specific gravity of soil grains 

! , 
*-- -2 ....... -- -- : 1 

/ Consolidatioll ' ASTM D 2435 1 Determine compressibilitv of fine-aained soil 1 
, UU Triaxial / ASTM D 2850 1 Estimate strength parameters of fine-grained soil 

! 
I , .- -" .- .. : 
! 

CT 216 Compaction 1 I-___ - ............. : 
j Determine maximum density and optimum lnoistwe of soil 

I CT 301 , 
i K-Value ! Determine R-value of soil 
1 So1.1 pH i CT 643 
i -. -- &.,.,. - f Determine - pH of soil for corrosion potential evaluation 

I Minim-ml Resistivity 1 CT 643 i Determine resistivity of soil for corrosion potential evaluatio~l 1 
i i --.-.-I------ 2- 

/ Sulfate Content / CT 417 I Determine sulfate in soil for corrosion ~otential evaluation i 
i 

CT 422 / Chloride Co~tent i Determine chloride in soil for corrosion potential evaluation I i 
1 1 
I 1Vctes: 1. ASTM = .American Sociev for Testing and Materials. 
I 2. CT = Cnl$ornia Test Method. 
1 





3.0 GEOLOGY 

3.1 Physiography 

The Schuyler Heiin Bridge spans the Cerritos Channel in the Port of Long Beach. Lilte most of 
the shipping channels within the pol$ the Cesritos channel is a man-made channel that was 
dredged into the former Wilmington Lagoon which was a coastal marshland with abundant tidal 
channels, estuaries, and small marshy islands. The site area is in the coastal area of Sai Pedro 
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain 
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the 
nostheast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the south (Figure 
4). The western margin of the basin is open to the Pacific Ocean except for one prominent hill, 
the Palos Verdes Hills w11icl-i is a peninsula separating Santa Monica Bay on the north froin San 
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone 
(Scllell. 2007). 

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along 
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet above 
the plain. The margins of the hills and mountains surrounding the basin are commonly elevated 
somewhat above the general level of these major plains by an apron of uplifted sediments such as 
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills. 

The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills such 
as the northwesterly alignment of hills and mesas called the Newport-Inglewood Structural 
Zone-NISZ (Figure 4). The NISZ extends from the Newport Bay area on the south to the Beverly 
Hills area on the north, and is a result of geologically recent folding and earthquake fault 
disp1ac;ements. The NISZ divides the basin floor into two major plains, The Downey-Tustin 
Plain on the northeast and the Toll-ance plain (including the Long Beach Plain) on the southwest. 
The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5). 

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers. 
Tl-iese rivers enter the basin through valleys or canyons in the surrounding mountains such as Los 
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin 
floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all minor 
tributaries in the Basin are confined within concrete-or rip-rap-lined channels but in the natural 
state they meandered back and forth across the Basin floor, commonly shifting outlets. For 
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay through 
Ballona gap and the San Gabriel River flowed into Wilmington Lagoon which is now occupied 
by the Port of 1,os Angeles. At present, the Los Angeles River flows to the Port of Long Beach- 
L,os Angeles area. 

The floor of the Los Angeles Basin is directly underlain by unconsolidated Quaternary-age sandy 
sediments. These generally can be subdivided into loose unconsolidated Holocene-age sediments 
which cover the bulk of the basin, and the underlying Pleistocene-age materials of the Lakewood 
and San Pedro formations which are only exposed in some of the uplifts of the NISZ and the 
marginal plains. Hard roclts occur only in the mountains surrounding the basin and at depths 
ranging from a few thousand feet to as much as 30,000 feet in the deepest past of the central Los 
Angeles Basin. 



Except for the Newpol-t-Inglewood and the Palos Verdes fault zones, most surface geological 
faults such as the Santa Monica, Hollywood, and Whittier faults occur along the basin margins 
(Figure 4). In Addition to these known surface faults, the Los Angeles region is underlain by 
buried thrust and reverse faults. These are poorly understood features with poorly known 
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults wlich 
make up the Puente Hills blind thrust fault system, are examples (Figure 4). However, any large 
earthquakes associated with these subsurface features are most likely to originate at great depths 
(e.g. abo~lt 10 to 12 miles), and thus these should not impact the subject site significantly more 
than similar-sized eartl~quakes on the nearer Newport Inglewood or Palos Verdes faults. The 
1987 Whittier earthquake occurred on one of these subsurface faults (either the Santa F e  Springs 
or the Coyote Hills faults) dipping liortherly under the Repetto-Puente h l ls  and the San Gabriel 
Valley northeast of the site. The 1994 Northridge earthquake occcll~ed on a so~ltherly dipping 
buried fault below the San Fernando Valley. 

3.2 Stratigraphy 

The project area is underlain by a sequence of geologic strata consistent with the general 
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart 
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles 
area. Review of the borehole logs drilled for this project, along with existing boring logs from 
other geoteclvlical studies and from published sources (e.g. Zielbauer, et al., 1962; Wright 1991; 
U.S. Geological Survey, 2007; Schell, 2007), indicates similar strata. 

The uppermost deposits of most significance to the project were deposited during the last ice age 
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise in sea level 
was not collstant but comprised several fluctuations. Interaction between the fluctuating sea level 
and sedimentary deposition from inland streams resulted in a complex association of irregular 
and discontinuous beds and lenses of marine and non-marine sedimentary strata. The major 
stratigraphic units underlying the project corridor are summarized below: 

1) The surficial strata consist of sandy alluvium deposited by streams of the Los Angeles 
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along 
the coast during the past few thousand years (- past 5,000 to 7,000 years). These are 
about 20 to 30 feet thick. 

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays 
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits 
occur at depths of about 25 &5 to 70 rtlO feet and represent primarily marine sediments 
deposited during the later stages of the most recent rise in sea level that began about 
15,000 to 20,000 years ago. However, these deposits commonly contain sand and fine 
gravel lenses deposited by seasonal river flooding during intermittent wetter periods and 
storms inland. 

3) These are underlain by the Gaspur Formation which is coarser grained sand and gravel 
material deposited in a relict channel of the Los Angeles River that was cut when sea 
level was lower during the last ice age. As the climate warmed, sea level rose due to 
melting ice at the Polar ice caps and the shore line retreated inland. The Gaspur is about 
70 A10 feet to about 190 feet deep and consists of an upper primarily sandy unit and a 



deeper coarser sand and gravel unit. The gravels of the Gaspur channel extend far inland 
and coinprise a major aquifer in the Los Angeles area. 

4) The Gaspur channel was cut into older Pleistocene material of the Lakewood Formatioll 
which is about 160 to 300 thousand years old. The Lakewood is partially marine and 
partially non marine that was deposited during previous Pleistocene ice ages. Lakewood 
sediments were intermittently exposed to surficial weathering resulting in desiccation, 
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to 
abo~lt 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Formation. 

5 )  The San Pedro Formation extends to about 1100 A50 feet depth and conlprises gently 
tilted inarine silts and sands overlying the folded Tertiary-age marine deposits (Pico, 
Repetto, Fernando formations), and the ancient igneous and metamorphic basement rocks 
at a depth of about 10,000 feet. 

TABLE 3. STRATIGRAPHY AND CORRELATION CHART, LONG BEACH A W A  

Zielbauer C A  Dept. of 
Geologic Sequence and others Water 

Formation (CJSGS, 2007) Age Estimate 
Series (1962) 

Resources 
(1961) 

Dunemeach Sand, 
Coastal Marsh, 

Holocene Transgressive Marine, Do~ninguez 4 5  ka Gaspur Gaspur 
Stream 

Latest Pleistocene 
Mesa 

(-30-80 ka) Older Dune Sand, 
Stream Alluvium, Near- Early 0 stage 5 

Upper Pacific 
shore Marine, (1 10-130 ka) 200 ft sand Gage 

Lakewood Fm (Marine Constrained between 
and Non Marine) Harbor 0 stage 5 and 9 

(-1 60-300 ka) 

0 stage 9-1 1 
Bent Spring (-300-450 ka) 400 ft gravel Lynwood 

Upper 0 stage 12-14 
Wilmington (-475-580 ka) -- 

Lower 
Pleistocene 

San Pedro Formation 

Lower 0 stage 15-17+ 
Wilmington (-5 80-<7 80 ka) 

-2.0 ~ a r  >2.6 Ma 
from magnetic 

Pliocene A polarity and 
paleontology . - - -- 

-2.0 Ma or >2.6 Ma 

Upper 
Silverado 

Silverado 

from magnetic Lower 
Pliocene B polarity and Silverado 

paleontology 

>2.6 Ma from 
Upper PicoIFernando Pliocene C magnetic polarity and Pico Pic0 

Pliocene Formation 
paleontology 



Units 1 thsough 3 were penetrated by many of the deeper on-land borings drilled for this 
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand samples are from 
the Gaspur Formation. The over-water borings generally penetrated deeper and extended through 
the Gaspw into the upper part of the Lakewood Folmation. Other units of the stratigraphic 
succession (e.g. the Mesa and Pacific pasts of the Lakewood Folmation) me present in areas 
adjacent to the project area but were eroded away by the erosion that accolnpanied deposition of 
the Gaspw sediments and therefore me not important to the project. Likewise, the Sail Pedro 
formation is deep below the site and is not important to the project. 

3.3 Geologic Structure 

The regional geological structure was introduced above in the geological Setting. The project 
area is near the crest of the Wilmington Anticline (Figure 5) which is a west-nol-tl~west trending 
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late 
Pleistocene strata (Lakewood Formation) fonn a thin veneer across the Wilmington fold and 
appear to be unaffected by the deeper folding and faulting. 

There me no known active faults at the project site. The nearest major active faults are the Palos 
Verdes fault to the southwest and the Newpoi-t-Inglewood (Cherry Hill segment) to the noi-theast 
(Figures 4 and 5). The Thurns-Huntington Beach fault is deep below the surface (Figure 6). This 
f a ~ ~ l t  is a tlmst fault dipping noi-theasterly at about 25-35 degrees. Some geoscientists suspect the 
fault is a potentially active blind tlmst fault but high-resolution geophysical data clearly show 
the fault does not displace sediments younger than 3 or 4 million years old (Schell, 2007). 
Furlhermore, the fault displacement diminishes toward the northwest and is virtually nil under 
the project area (Figures 5 and 6). 

3.4 Seismicity 

The project site is in seismically active southern Califonlia. The present-day seismotectonic 
stress field in the Los Angeles region is one of north-northeasterly compression. This i s  indicated 
by the geologic stmctures, by earthquake focal-mechanism solutions, and by  geodetic 
measurements. These data suggest crustal shortening of between 5 and 9 d y r  across the 
greater 1,os Angeles area (Argus et al., 1999). 

Historical earthquake epicenter maps show widespread seismicity tlu.ougliout the region. The 
larger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose 
clusters along the Newport-Inglewood Structural Zone, along the southern margin o f  the Santa 
Monica Mountains, along the northern side of the San Fernando Valley, the southern margin of 
the San Gabriel Mo~mtains, and in the Coyote Hills-Puente Hills area. Although historical 
earthquakes have occurred in proxiinity to known faults, they are often difficult t o  directly 
associate with mapped faults unless there was a surface rupture or a robust sequence of 
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be 
correlated with known faults. Part of the correlation difficulty is due to the fact that the basin is 
underlain by the subsurface blind tlmst faults that me not likely to be discovered until they 
ruptuse during an earthquake. 



The largest historical ea~-tl~q~talses in the region were the 1994 Noi-tlwidge and the 1971 San 
Fernando earthquake both of which occurred north of the Los Angeles Basin (Figure 7). The 
1994 earthq~take had a moment magnitude (MW) of about 6.7 (MS = 6.8, ML = 6.4), and 
o c c ~ u ~ e d  on a sorttherly dipping subsurface fault which was unknown prior to the earthquake. 
The main shoclc occurred at a depth of abo~lt 12 miles below the community of Reseda in the San 
Fernando Valley. Eai-thquake aftershocks clearly defined the rupture surface dipping about 35 
degrees southerly from a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The 
causative fault was never identified with certainty, but it may have been on the eastern extension 
of the Oakridge fault (Yeats and Huftile, 1995), a southerly dipping fault bounding the V e n b a  
Basin and dipping under the Santa Susana Mountains. 

The 1971 San Fernando ea-thqualte was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the 
1994 event but did involve surface rupture. The 1971 event occ~lsred on a northerly dipping 
thrust fault that dips from the northern side of the San Fernando Valley to a depth of about 9 
miles under the San Gabriel Mountains. Several mapped surface faults such as the Sylnlar fault, 
Tujunga fault, and Lakeview fault were involved. These faults are commonly considered to be 
part of the Sierra Madre fault system which extends easterly along the southern margin of the 
San Gabriel Mountains from the San Fernando Valley to the north side of the San Gabriel 
Valley, and to the Cucamonga fault in the San Bernardino area. 

The largest historical earthquake in the Los Angeles region to have a major impact on  the site 
area was the 1933 Long Beach event which had a magnitude of about MW = 6.4 (ML = 6.3). 
This earthq~take did not rupture the smface b~tt  is believed to have been associated with the 
Newport-Inglewood Structural Zone because of the distribution of aftershocks and the 
abundance of ground disturbances in proximity to the fault zone (Figure 7). Although ground 
failures were abundant along the NISZ trend, no unequivocal s~u-face rupture was identified 
(Benioff, 1938). Reevaluation of the seismicity data by Hauksson and Gross (1991) led to 
relocation of the 1933 earthquake hypocenter to a depth of about 6 miles below the Huntington 
Beach-Newport Reach city boundary. 

The 1987 Whittier earthquake (ML = 5.9, MW = 5.9) occurred on subsurface faults dipping 
under the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer, 
1999; Shaw et al., 2002). This zone of fattlts is referred to as the Puente Hills blind t h ~ t s t  fault 
system (Figuse 4). This event did not rupture the ground surface. 

Another sig~lificant earthquake in the Los Angeles region was the 1812 earthquake which caused 
damage at the San Juan Capistrano Mission. The location and magnitude of the 1812 earthquake 
are unknown because of the sparse population at the time, but geological studies (Jacoby et al., 
1988; Weldon et al., 2004) postulated that it did not occur in the Los Angeles Basiii area, but 
rather, was a large (Mp 7.0) distant event on the San Andreas fault in the Wrightwood area of the 
San Gabriel Mountains. 

The earliest documented eai-thqualte in the region was reported by the Spanish Poi-tola' 
expedition as they camped near the Santa Ana River in 1769. Tlis event has been attributed by 
various geoscientists to just about every fault in the Los Angeles area but it could just as well 
have been a distant event that shoolc a wide area as did the 1971 San Fernando, the 1987 
Whittier, and the 1994 Northridge events, as well as many other more-distant events (for 
example, the 18 12 or 1992 Landers events). 



3.5 Geologic Hazards 

3.5.1 Surface Fault Rupture 

No surficial faults are known at the site, therefore the potential for ground rupture due to  faulting 
is negligible. The nearest major faults with a known potential for surface ~upture are the 
Newport-Inglewood zone to the northeast and the Palos Verdes Hill fatllt to the southwest 
(Figures 4, 5, and 6). 

3.5.2 Subsidence 

The ground surface in the Long Beach Harbor area has undergone substantial lowering during 
the 20th century due to subsidence of the sediments and rocks underlying the area. Some of t h s  
s~bsidence may have been due to natural causes (e.g. natural ground-water decline, sediment 
compaction, tectonics, 1933 Long Beach eartl~qualte). Harris (1 945) estimated natural subsidence 
of about half an inch per year. The principal cause of the subsidence has been attributed to 
withdrawal of oil and gas (Allen, 1984; Strehle, 1987), but gsound-water extraction undoubtedly 
contrib~~ted, perhaps 2 feet out of the 29 feet (7%), to the total subsidence. 

Subsidence accelerated with development of the Wilmington oil field in 1936. The area of 
subsidence forrns a circular or bowl-shaped area centered on the northeast coiner of Terminal 
Island (Figure 8A). The maximum subsidence in the center of the subsidence bowl i s  about 29 
feet. Subsidence along the Heim Bridge project corridor in the western part of the subsidence 
bowl was about 14 feet (Figure 8A). The maximum rate of subsidence reached about 2.4 feet per 
year by 1951. The subsidence was so great that dikes had to be built within the harbor area to 
prevent flooding by sea water. Some of the subsided areas behind the diltes have recently been 
filled bringing the ground surface back to above sea level (- +15 feet). 

Subsidence was arrested by restoring pressure to the oil zones through injection of water into the 
oil wells. This has not only stopped subsidence but has resulted in some rebound, and also has 
been of economic benefit by driving more oil to the producing wells. Initial injection began in 
1953 but was not fully established until about 1958; by 1961 injection was widespread. 
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in 1958 
and reached a maximum by about 1964 with only minor fluctuations since. Maximum elevation 
rebound has been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet 
(Figure 8B). 

The subsidence did not cause significant damage to most surface facilities but it did damage oil 
wells at about 1,500-2,000 feet depth, and induced several small earthquakes. In all, about 500 
wells were damaged. Some of the oil well casings were sheared off or so severely damaged that 
the wells had to be abandoned and redrilled. 

Mathematical calculations indicate that up to 66 feet of subsidence could occur if allowed to 
contin~~e unchecked. To prevent and control further subsidence, injection must be maintained 
even after cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department 
(LBGOD) surveys elevation changes twice a year, and monitors oil field fluid injection designed 
to correct elevation changes. The LBGOD estimates survey accuracy of about 0.24 inches; areas 



are considered to be stable if elevation changes are less than that (LBGOD, 2009). Bench marlts 
rise and fall in a somewhat random manner that is not con~pletely understood but injections do 
seem to correct elevation changes. The correlation between injection and elevation rebound 
appears to be good, but it lnay take a few months to a year or so to be fully realized. 

Tliere are 3 "index" bench marks near the Heim Bridge; one at the noi-tli abutment and two more 
a little farther to the north. Several other bench marlts are scattered aro~lnd the bridge area. Based 
on measurements of these benchmarks, it appears that subsidence of the Heim Bridge area has 
resumed since 1995 and total subsidence of about 2 feet has been observed in the Heim Bridge 
area since 1995. During the recent years, the annual subsidence rate seems to have decreased; 
Measurements were approximately 0.6 in. during the period between May 2007 and April 2008 
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009). 

3.5.3 Flooding 

The flood inundation inap in the Los Angeles County safety element of the General Plan (1990) 
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in 
the San Ferrlando Valley. However, the reservoir volume, even in the extremely rare case of 
when it is full, is quite small and it is difficult to imagine that a significant flood surge could be 
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and 
Los Angeles Basin; therefore, the potential for flooding of the site is considered low. 

3.5.4 Tsunami and Seiche 

Tsunamis are sea waves generated by submarine earthquakes, landslides, and volcanic eruptions. 
Seiches are waves internal to an enclosed or highly restricted body of water that wash back and 
forth across the basin. Smaller tsunamis may be common but their run-ups are no more than 
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunamis 
are caused by submarine earthquakes with a magnitude of about 7 or larger. 

Most tsunamis to affect the Los Angeles-Long Beach harbor areas have been generated by 
distant earthquakes although California has had few locally generated, historic tsunamis, namely 
the 1812 Santa Barbara earthquake and the 1927 Point Argue110 earthquake. According to 
Houston (1979), the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being 
the worst) indicating a potential for water run-ups of 5 to 15 feet. 

Cdifonlia has been stluck by several other significant tsunamis generated in the northern Pacific 
(for example, the 1946 Aleutian earthquake of Mw = 7.8 and 1964 Alaska event of M w  = 9.2); 
and in the soutl~ern Pacific (1 922 Chile earthquake of Mw = 8.4 and the 1960 Chile event of Mw 
= 9.5). The 1964 Alaska earthquake caused severe damage and 15 fatalities i n  northern 
California. In southern California, the most serious recorded tsunami was generated b y  the 1960 
Chile earthquake. The greatest damage occurred in the Long Beach-Los Angeles Harbor where 
5-foot-high seiche waves surged back and forth in the channels. Currents of 12 knots were 
reported as the water rose and fell rapidly. A 6-foot drop in water level occurred in 1 minute at 
Long Beach and 3 foot drop in 5 minutes along the Cerritos Channel. The currents tore some 300 
small boats and yachts from the slips and as many as 30 were sunk. Damage was estimated at 
between $500,000 to over $1,000,000. 



A comprehensive tsunami analysis for tlie ports of Long Beach and Los Aiigeles by Moffat & 
Nicliol (2007) basically confinned the tsunami hazard from distant events. The analysis included 
tsunamis generated by local sources such an ea-ihquakes in the nearby offshore Southern 
California Continental Borderland, and by landslides off the Palos Verdes shelf. No tsunamis 
have been documented from such local events dwing lzistorical times. These events are 
extremely rare with recurrence intervals up to about 10,000 years. The results of the analysis 
indicate that the maximum water level within the Cel-ritos channel near Heinl bridge could be as 
high as about 11 feet. Current speeds should be less than about 3 ftlsec. 
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4.0 SUBSURFACE CONDITIONS 

4.1 Subsurface Conditions 

Soil stratigraphy is defined by the available soils infomation and the exploratory borings and 
CPT soundings (described in Section 2) perfomled under the supervision of EM1 personnel for 
the project. Within the depths explored (down to about elevation -100 ft), the subsurface profile 
consists of about 55 ft of interlayered alluvial deposits overlying Gaspur Formation sand. 

At the subject site, natural grade lies at an elevation of about zero. The near surface deposits 
consist of silty sand and sandy silt between natural grade and about elevation -5 ft. The neas 
surface deposits are underlain by a thick strata of inter-layered medium stiff to stiff silt, sandy 
silt, and some clay and loose to medium dense silty sand down to about elevation -55 ft. Below 
elevation -55 ft, lies the Gaspur Formation which consists of dense to very dense sand and silty 
sand within the depths explored. 

It should be noted that the above soil description is general and is intended to describe the 
subsurface in very broad temls. The soil descriptions above should not be construed to mean that 
the subsurface profile is unifonn and that soil is homogeneous within the project area. For details 
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of the report. 

4.2 Groundwater Conditions 

During the EMJ investigation in 2009, groundwater was recorded in both of the deep borings 
performed near the proposed wall at elevation -8.4 fi and -11.6 feet. The elevation that 
groundwater was encountered in each boring is listed in Table 1 and also on LOTB sheets at the 
end of the report. However, due to the proximity of the site to the Cessitos Channel, where the 
water elevation is dictated by tidal fluctuations, higher groundwater elevations than those 
encountered during the field investigation are likely. 

Based on the observed high water groundwater elevation for the Cessitos Channel, the design 
groundwater was placed conservatively at elevation +5 ft or the ground surface in locations 
where finished grade is proposed to be below elevation +5 ft. 

4.3 Idealized Soil Profile 

Based on information collected fiom borings R-09-036, R-09-037, A-09-106, A-09-1 09, A-09- 
110 and CPT soundirig CPT-09-066, an idealized soil profile for foundation analysis and design 
was developed along the alignment of the proposed wall. The subsurface profile beneath the 
proposed structures is shown in Figure 9. The soil profile and design strength parameters are 
presented below in Table 4. 



TABLE 4. IDEALIZED SOIL PROFILE AND PARAMETERS 

Approx. Elev. (ft) Predominant Soil Type 
Total Unit Cohesion Friction 

Weight 
(1b/ft2) Angle 

(1b/ft3) (degree) 

+2.0 to -5.0 Siltv Sand / Sandv Silt 120 0 30 

-5.0 to -30.0 Clayey Silt / Sandy Silt 120 700 0 

-30.0 to -40.0 Silty Sand / Sandy Silt 120 0 30 
- 

-40.0 to -50.0 Clayey Silt 1 Lean Clay / Silty Clay 120 2,500 0 - -. . 

-50.0 to -65.0 Silty Sand 120 0 3 4 
-- -- . 

-65.0 to -100.0 Sand / Sand with Silt / Silty Sand 125 0 3 8 





5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Seismic Evaluation 

As part of EMI's scope of work for the Schuyler Heiln Bridge (Replace) project, a ground 
motion study was perfolmed in accordance with the 2009 Caltrans Seismic Design Criteria 
(Caltrans, 2009). Due to the weak near surface deposits encountered throughout the project area, 
a site response analysis was perfollned to develop the design acceleration response spectra. 

As described in Section 2, down-hole shear wave velocity measurements were taken in six of the 
rotary wash borings performed along the mainline bridge alignment. Shear wave velocity 
profiles were generated for the upper 30 meters (100 ft) of the soil profile and input into the 
program SHAKE91 along with the seven sets of spectl-um compatible time histories to develop a 
site specific ARS spectr~un. Tlie design ARS spectrum was generated by enveloping the lllean 
plus one standard deviation surface ground accelerations from the SHAKE analysis. Details of 
the site specific ground motion study are suinnlarized in a memorandum prepared by EMI, which 
is included in Appendix D. 

The site response analysis, performed in accordance with the 2009 SDC, results in a peak ground 
acceleration (PGA) of 0.5g for the site. Liquefaction potential and seismic settlement analysis 
were performed using a PGA of 0.5g resulting from a magnitude 7.0 event. Pseudo-static global 
stability analyses were performed using a seismic coefficient of 0.17 equal to one-third the PGA 
in accordance with Caltrans guidelines (Caltrans, 2006e). 

Ground Rupt~lre: No known active surface faults traverse the project area. The Califoi-nia 
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the 
proximity of the site. Therefore, the risk of ground surface rupture and related hazards is 
considered low. 

5.2 Soil Liquefaction Potential and Seismically-Induced Settlement 

The liquefaction potential of tlie saturated, granular materials below the water table was 
evaluated using the procedures outlined by Seed et al. (1983) and updated by NCEER (1997) and 
Youd et al. (2001). For liq~lefaction potential evaluation of clayey soils, the procedure outlined in 
Boulanger and Idriss (2006) was used. The seismically-induced soil settlement was estimated 
using the procedures outlined by Tokimatsu and Seed (1987). As discussed in Section 4.2, the 
design groundwater was assumed to be at the lower of elevation t-5 ft or the ground surface for 
tlie liquefaction potential evaluation. 

Layers, pocltets and lenses of saturated coarse-grained alluvial deposits above the dense Gaspur 
Formation (located below approximate elevation -55 ft) are expected to be susceptible to 
liquefaction. Seismically induced-settlements of a few to several inches are anticipated. The 
elevations of the potentially liquefiable material and the corresponding anticipated seismic 
settlements are shown in Table 5.  The location of the potentially liquefiable material during tlie 
design earthquake is also identified in the subsurface profile shown in Figure 9. 



TABLE 5. LIQUEFACTION AND SEISMIC SETTLEMENT ANALYSIS RESULTS 

Approximate Elevations of Layer Approximate Total Approximate 
BoringICPT Liquefiable Zones Seismically induced Seismically induced 

Sounding No. 
(ft)' Settlement (inches) Settlement (inches) 

-- -- 

Notes: i. Elevcltions are based OH NAVD88. 

5.3 Soil Corrosivity 

Samples representative of soils throughout the project area were tested to determine corrosivity 
including minimum resistivity, pH, soluble sulfate content, and soluble chloride content. Three 
soil samples were tested for corrosivity using the procedures described in California Test 
methods 417, 422, 532, and 643. The pH was determined to vary between 7.5 and 8.0, the 
minirnum resistivities were found to vary between 65 and 190 ohm-cm, soluble chloride contents 
varied between 2,257 and 12,774 parts per million (ppm) and soluble sulfate contents varied 
between 5 1 8 and 1,187 ppm. 

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5 
or less, or the chloride concentration is 500 parts per million (ppm) or greater, or the sulfate 
concentration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered 
to be corrosive. 

5.4 Retaining Wall Recommendations 

As described in Section 1.2, Proposed Retaining Wall H1 is a Caltrans Type I Retaining Wall 
located between approximate Stations 702+90 and Sta. 707+25 ("H" Line). The retaining wall is 
approxiinately 428 ft long and will vary in design height from 4 to 10 ft. 

Based upon the preliminary cross sections provided by the wall designers, the proposed wall will 
have a footing bottom between approximately elevation -6 to -10 ft. Due to the soft to loose 
consistency of the near surface deposits along the proposed wall, spread footings are not suitable 
for support of the proposed wall. While both driven piles and Cast-In-Drilled-Hole (CIDH) piles 
are feasible foundation alternatives, it is our understanding that pile driving restrictions for tlie 
project make driven piles a less desireable foundation alternative compared to CIDH piles. Due 



to the presence of sl~allow groundwater which will require "wet" consti-uction methods and pile 
integrity testing, 24-inch diameter CIDH piles are reconuneilded for support of the proposed 
structure. 

5.4.1 Lateral Earth Pressures 

The proposed retaining wall will be a "cut" wall and will retain the native, near-surface alluvium. 
A static active lateral earth pressure of 40 psf per ft of depth is recommended for design of 
cantilever retaining walls with a uniform lateral pressure of at least 80 psf due t o  vehicle 
surcharge load. This static active lateral earth pressure is applicable for a fiee-draining and level 
backfill. 

Per Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of earthquakes need to be 
considered in the design of retaining walls which s~ipport bridge abutments, soundwalls, or other 
installations for which there is a low tolerance for failure. Since the subject wall does not support 
any sti-ucture for which there is a low tolerance for failure, per Caltrans practice, the s~lbject wall 
need not to be designed for seismic earth pressures. 

5.4.2 Pile Foundations 

Axial Pile Capacity: Axial pile analyses were performed using the computer program SHAFT 
6.0 (Ensoft 2007). The calculated axial geotechnical capacities and pile tip elevations for a single 
24-inch CIDH pile is presented in Table 6. For the extreme event limit case, negative skin 
friction due to seismic settlement was estimated using residual strengths for liquefiable soils 
based upoil the method outlined in Seed and Harder (1990). The bottom of the liquefiable layer 
contributing to negative sldn friction was detern~ined to be at elevation -40 ft based upon the 
seismic settlement analysis perfonned on boring C-09-066. 

The maximtun pile-head settlement due to the nomiilal resistance is estimated to be less than 1- 
inch. For axial loading, a group effect reduction factor of 0.8 was included in determining the tip 
elevation shown in Table 6. 

TABLE 6. RECOMMENDED PILE TIP ELEVATIONS 

Approx. Wall Approx. Design Nominal Resistance 
Pile Loading Station; ---.AQlp- Design T ~ D  El. S~ec i f i ed  Tip El. 

ccuw T :- - Cutoff El. (Service) - - .  
- - 

II UIUG (kip) Compr. 'l'ension (ft)")- (ft) 
(ft) - -. -... 

K l  n f-\ 

Note: (1) Design tip elevation is controlled by the followig demands: (a) Compression, (b) Lateral Loads. 

Lateral Pile Capacity: Pile-head shear capacity and maximum bending moment caused by lateral 
pile-head deflections for a free-head connection with the pile cap are provided in Table 7. The 
design tip elevation for lateral loading is given in Table 6. 



Lateral pile analyses were perfolmed using the computer progranl LPILE (Ensoft 2007). The 
intelxally generated p-y curves for sandy soils were estimated using the API criteria (API, 2000). 
The internally generated p-y curves for stiff fine-grained soils were estimated using the method 
proposed by Reese (Reese et al., 1975), and the internally generated p-y curves for soft fine- 
grained soils were estimated using the method proposed by Matlock (Matlock, 1970). A group 
reduction factor of 0.9 was used in the analysis based a staggered pile layout with an average pile 
spacing of 6 ft along the length of the wall and the procedures outlined in the Ensoft Group 7.0 
software Techca l  Manual (Ensoft 2006). Liquefied soils were modeled using a p-multiplier to 
degrade the static strength (Ashford et al., 2008). 

The solutions presented are entirely based on soil resistance and lineas pile properties. Therefore, 
these values may be limited by the flexural strength (plastic moment) of the piles and other 
conllection details. 

TABLE 7.24-IN CIDH PILE "FmE" HEAD SOLUTION 

Pile Head Deflection (in) Pile Head Shear (I) Maximum Moment (k-in) 

Notes: 1 Grozp effects considered with a reduction factor of 0.9 017 '3." 

5.4.3 Global Wall Stability 

'The "global" stability of the Retaining Wall H1 was evaluated for both static and pseudo-static 
conditions using the computer program GSTABLE7 (Gregory, 2006). Strengths of liquefiable 
soils were estimated using the method outlined in Seed and Harder (1990). The cross-section 
selected for stability analysis was near "H" Line Sta. 705t-75 where the retained wall height is 
greatest. 

Slope stability analyses were conducted for the static condition. In accordance with. Caltrans 
Guidelines (2006e), stability analysis for the seismic condition was performed using the pseudo- 
static approach with a seismic coefficient of 0.17; Caltrans guidelines require a seismic 
coefficient equal to one-third the peak horizontal acceleration (0.5 g, based on the site specific 
ground rnoiion study, see Appendix D) but not exceeding 0.2. 

According to the results of the analyses and Caltrans guidelines, the slopes meet the minimum 
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the 
seismic condition per Caltrans Foundation Design Guidelines (2006e). 



6.0 CONSTRUCTION CONSIDERATIONS 

All work should be performed in accordance with the Caltrans Standard Specifications (Caltrans, 
2006c) except as indicated in the Special Provisiolls prepared for the project improvements. 

6.1 Earthwork 

6.1.1 General 

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard 
Specifications (Caltrans, 2006~). Appropriate measwes should be taken to prevent damage to 
adjacent existing structures and utilities. Design and consti-uction of temporary slopes or shoring 
should be made the contractor's responsibility. It should be noted that it is the responsibility of 
the contractor to oversee the safety of the woskers in the field during construction. The contractor 
shall conform to all applicable occupational safety and health standards, rules, regulations, and 
orders established by the State of California. In addition, other State, County, or Municipal 
regulations may supersede the recommendations presented in this section. If a trench shoring 
design and safety plan is required, the geotechnical consultant should review the plan t o  confinn 
that recommendations presented in this report have been applied to the design. 

Heavy const~~lction equipment should not be used immediately adjacent to shoring due to large 
lateral pressures induced by such equipment unless the shoring is designed to accommodate 
resulting pressures. Excavated soil or construction materials should not be stockpiled adjacent to 
shoring or open excavations. Stockpiled soil and constructioil materials should be set baclc a 
distance at least equal to the height of the excavation. 

In fill areas, complete removal of coinpressible surficial materials including vegetation, topsoil, 
loose or soft alluvium, and othenvise unsuitable material is required prior to fill placement. A 
minimuin overexcavation of 2 ft is recommended within all areas to receive compacted fill; the 
overexcavation should extend horizontally a minimum distance of 2 ft from edges of new fills or 
structures. Actual depths and extent of the required removals should be determined in  the field 
by qualified geotechnical personllel. Overexcavated areas should be cleaned of loose soils and 
debris and should be observed to be firm and unyielding before receiving fill. The bottom of the 
overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioiied to near 
optimum moisture content, and compacted in place to at least 90 percent relative compaction. 

6.3..2 Cuts and Excavations 

Preliminay plans do not show any permanent cuts necessary to achieve finish grades. However, 
temporary cuts may be required to facilitate the construction of proposed improvements. 
Temporary excavations, including temporary sloping or shoring, will need to be designed by the 
contractor for local and global stability, once the means and methods of constn~ction are 
determined. 



6.1.3 Groundwater Control 

Groundwater was encountered in both of the borings performed near the proposed wall between 
elevation -8.4 and -1 1.6 ft. Based on the latest cross sections provided by the desigilers, the 
bottom of proposed footing bottom varies between about elevation -6 and -1 0 ft. In addition, due 
to the proximity of the site to the Cerritos Channel where the water elevation is dictated by tidal 
fluctuations, higher groundwater elevations than those encountered during the field investigatioil 
are likely. 

Due to the proposed footing bottom elevations, the contractor should anticipate encountering 
groundwater during construction. The contractor should be prepared to manage groundwater and 
conduct construction activities in soft ground conditions. The groundwater should be controlled 
in accordance with Section 19-3.04 of the Caltrans Standard Specifications (2006~). Any seepage 
or groundwater removed from an excavation should be tested and disposed of in compliance with 
all applicable local, state and federal requirements. Free water should not be allowed to  stand in 
any excavations. If excavations become flooded, at least the bottom 6 inches of soil should be 
removed and replaced or re-compacted to 95 percent relative compaction. Additional removals 
may be required at the discretion of the Engineer. 

6.2 CIDH Pile Construction 

Loose soils should be cleaned from the bottom of the borings. Pile borings should be inspected 
and approved by the geotechnical engineer prior to the installation of reinforcement. Extreme 
care in drilling, placement of steel, and the pouring of concrete is essential to avoid excessive 
disturbance of pile boring walls. Concrete placement by pumping or tremie tube to the bottom of 
the pile borings is recommended. Specifications should require that sufficient space b e  provided 
in the pile reinforcing cage during fabrication to allow the insertion of a tremie tube for concrete 
placement. 

The pile reinforcing cage should be installed and the concrete pumped immediately after drilling 
is completed. No boring should be drilled immediately adjacent to another pile until the concrete 
in the other pile has attained its initial set. 

Groundwater was encountered between elevation -8.4 and -1 1.6 feet in October and November 
2009. Actual groundwater elevation may be different during construction due t o  seasonal 
rainfall, surface runoff and other man-made conditions. In addition, due to the proximity of the 
site to the Cerritos Channel where the water elevation is dictated by tidal fluctuations, higher 
groundwater elevations than those encountered during the field investigation are likely. 
Therefore, contractors should be prepared to use a "wet" method of construction. As a standard 
Caltrans practice for "wet" construction, PVC tubings must be installed within the reinforcement 
cage of the CIDH pile for gamma-ray testing. 

Pockets and lenses of loose sandy material and very soft to soft fine-grained material were 
encountered in our soil borings and these materials are susceptible to caving. If caving occurs, a 
temporary casing may be required during construction. Casings should have an outer diameter 
equal to or exceeding the pile diameter. Temporary casing should be pulled as the concrete is 



being poured while always maintailling at least a 5 ft head of concrete inside the casing. 
Coiltractor can choose to use a "wet" method of constiuction to control caving. 

In the event that any boring becomes bell-shaped and cannot be advanced due to severe caving, 
all loose inaterial should be removed from the bottom of the boring and the caved region filled 
with low strength sand-cement slurry. Drilling may continue when the slursy has reached its 
initial set. 

6.3 Backfill Requirements for Walls 

Backfill should be compacted in accordance with Section 19-5 of the Caltrans Standard 
Specifications (2006~). Backfill should be placed in loose lifts not exceeding 8 inches in 
thickness, moisture-conditioned or dried to near optimum moisture content, and compacted to at 
least 95 percent relative compaction. The relative compaction should be based on the rnaxim~un 
density determined by California Test Method 21 6. Jetting or flooding to compact backfill is not 
recommended. Heavy compaction equipment, such as vibratory rollers, dozers, o r  loaders, 
should not be used adjacent to the walls in order to avoid damaging the walls due to large lateral 
earth pressures. 

6.4 Review of Construction Plans 

Recomn~endations contained herein are based on current design information. The geoteclmical 
consultant sl~ould review the final construction plans and specifications in order to confirm that 
the general intent of the recommendations contained in this report have been incorporated into 
the final construction documents. 

6.5 Geotechnical Observation and Testing 

Qualified geotechnical personnel should perform inspections and testing during the following 
stages of construction: 

Grading operations, including excavations and placement of compacted fill. 
Shoring instailation. 
Footing excavations. 
CIDH pile construction. 
CIDH pile integrity testing. 
Raclcdrain installation and backfilling of retaining wall. 
Removal or illstallation of support of buried utilities or structures. 
When any unusual subsurface conditions are encountered. 
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EARTHSPECTIVES 
250 Goddard Phone: (949) 777-1 270 
Irvine, California 92618 Fax: (949) 777-1 283 

EarthMechanic, Inc. 
17660 Newhope, Suite E 
Fountain Valley, California 92708 

November 12, 2009 

Attention: Mr. Ranian Guneranian 

Dear Ranjan: 

SPT Hammer Energy Measurement 
Borings A-09-053, R-09-004, and R-09-009 
ACTA Schuyler Heim Bridge Replacement 
Long Beach, California 
ES Project No. 09095-141 

INTRODUCTION 

This letter report summarizes the results of EarthSpectives' (ES) SPT hammer energy measurements 

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It 

provides a description of the test program and results. 

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system 

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and 

6066 test standards. Results are summarized in Table 1, while more details regarding energy records 

are provided in Appendix A. 

TESTING CONDITIONS 

Test Borings 
SPT hammer energy measurements were performed at three boring locations drilled by three different 

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R 

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ 

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal 

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig 

equipped with a Automatic trip hammer and HF2-518 drill rod, while C&L Drilling samplers were 

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made 

drill rod. 

Instrumentation 
SPT energy measurements were performed by placing a 2 ft instrumented section of drill r o d  at the top 

of the drill string between the hammer and the existing sampling rods. The instruments consist of two 

Geotechnical Specialty Engineering 



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view 

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during 

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The 

raw data were stored directly on a portable field computer for subsequent analysis in the office. 

RESULTS 

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy 

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred 

energy to rated energy of the hammer which is the product of the weight of the hammer times the 

height of fall (140 ib x 30 inches = 4200 Ib-in = 0.35 kip-ft). 

TABLE I -SUMMARY OF SPT HAMMER ENERGY MEASUREMTS 

AVERAGE SPT HAMMER EFFICIENCY 

SAMPLING DEPTH 
(FT) 

(ENERGY TRANSFER RATIO! 
BORING R-09-009 
C&L Drilling, Inc. 

Mud Rotary 
Rope and Cat-Head 

BORING A-09-053 
2R Drilling, Inc. 

Hollow Stem 
Automatic Trip hammer 

BORING R-09-004 
So Cal drilling, Inc. 

Mud Rotary 
Automatic Trip hammer 



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided a s  function of 

blow number in Appendix A. Table immediately following the plot also provides the minimum, 

maximum, and average values at each sampling depth in addition to raw data. 

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an 

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall 

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall 

average of 62 percent for boring hole R-09-009. 

LIMITATIONS 

Professional judgments represented in this report are based on evaluations of the technical 

information gathered, our understanding of the proposed construction, and our general experience in 

the geotechnical field. We do not guarantee the perfofmance of the project in any respect, only that 

our engineering work and judgments are rendered while striving to meet the standard of care of our 

profession at this time. 

CLOSURE 

It has been a pleasure serving you on this project and we look forward to working with you again. 

Please call if you have any questions. 

Sincerely Submitted for EarthSpectives 

Hossein K. Rashidi, Ph.D., P.E. 
Principal Engineer 
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P i l e :  A-09-053  P r o j  : ACTA HEIM BRIDGE PROJECT P g l  
I n f o :  HOLLOW STEM S P :  0 . 4 9 2  k / f t - 3  
AR : 1 . 2  i n - 2  WS: 1 6 8 0 8  f t / s  
LE: 5 6 . 0  ft EM: 3 0 0 0 0  KSI  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  M i n u t e  
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max Measured C - S t r e s s  
E2F:  UNDEFINED CSI: Max F 1  o r  F2 C - S t r e s s  
EF2:  E n e r g y  by F - 2  Method TSX: Max C o m p u t e d  T - S t r e s s  
EV2 : UNDEFINED 
_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - 
BL# d e p t h  TY EMX ETR E2F EF2 EV2 B PM CSX CSI TSX 
e n d  b l / f t  f t  K-ft 5 I < - f t  b l /min lcs i l c s i  l c s i  

1 4  5 . 0 0  AV 0 . 2 8  8 2  0  1 . 5 0  2 0 4  5 4 . 7  2 0 . 0 6  2 0 . 1 3  6 . 8 1  



Pile: A-09-053 Proj : ACTA HEIM BRIDGE PROJECT ~ g 2  
I n f o :  HOLLOW STEM 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - 

COMMENTS 
J C  = 0.70 
Sample at 5 ft 
Sample at 10 ft 
Sample at 15 ft 
Sample at 20 ft 
Sample at  25 ft 
Sample at 30 ft 
Sample at 35 ft 
Sample at 40 ft 
Sample at 45 ft 
Sample at 50 ft 

DRIVEN (2009-0ct-13 : A-09-053.MDF) 
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P i l e :  R -  0 9 - 0 0 4  P r o j  : ACTA HEIM BRIDGE PROJECT P g l  
I n f o  : MUD ROTARY S P :  0 . 4 9 2  k / f t e 3  
AR : 1 . 4  i n - 2  WS: 1 6 8 0 8  f t / s  
LE:  1 6 3 . 0  f t  EM: 3 0 0 0 0  KSI  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max Measured C - S t r e s s  
E2 F  : UNDEFINED C S I :  Max F 1  o r  F2  C - S t r e s s  
EF2 :  E n e r g y  by F - 2  ~ e t h o d  TSX: Max C o m p u t e d  T - S t r e s s  
EV2: UNDEFINED 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# d e p t h T Y  EMX ETR E 2 F  EF2 EV2 B PM CSX C S I  TSX 
end b l / f  t f t K-f  t P K - f t  b l / m i n  k s i  ksi k s i  
1 2 1 0 . 0 0  AV 0 . 2 0  5 9  0  2 . 7 9  1 6 4  0 . 0  2 6 . 2 0  3 2 . 0 4  1 1 . 8 3  

1 2 0  5 G O .  00  AV 0 . 2 8  8  0  0  4 . 8 2  1 9 1  3 7 . 9  3 4 . 5 5  3 4 . 5 5  1 5 . 4 9  
MX 0 . 2 8  8  2  0  4 . 9 3  2 0 2  3 9 . 9  3 5 . 3 0  3 5 . 3 0  2 1 . 6 2  
MN 0 . 2 7  7  9  0  4 . 4 7  1 8 7  0 . 0  3 2 . 4 4  3 2 . 4 4  1 4 . 4 3  



P i l e :  R-09-004 P r o j  : ACTA HEIM BRIDGE PROJECT Pg2  
I n f o :  MUD ROTARY 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end b l / f t  ft K - f t  3 K-f t bl /min k s i  k s i  k s i  
5 7 5  5  1 3 5 . 0 0  AV 0 . 2 8  8 0  0  5 . 1 4  2 1 0  3 8 . 6  3 5 . 6 8  3 5 . 6 8  1 2 . 6 5  

MX 0 . 2 8  8  1 0  5 . 3 8  222 3 9 . 4  3 6 . 7 5  3 6 . 7 5  1 4 . 0 2  
MN 0 . 2 6  7 5 0  4 . 9 6  1 5 4  0 . 0  3 4 . 2 8  3 4 . 2 8  1 1 . 1 5  

8 3 0  8 1 6 5 . 9 5  'AV 0 . 2 8  8 1 0  4 . 0 7  2 2 1  3 9 . 7  3 2 . 5 0  3 2 . 5 0  6 . 5 7  
MX 0 . 2 9  8  4  0  4 . 2 6  232  3 9 . 8  3 4 . 2 6  3 4 . 2 6  9 . 6 4  
MN 0 . 2 7  7 8 0  3 . 8 2  207  3 9 . 2  3 0 . 0 5  3 0 . 0 5  4 . 7 9  

COMMENTS 
J C  = 0 . 7 0  
S a m p l e  a t  3 0  f t  
S a m p l e  a t  56  ft 
S a m p l e  a t  80  f t  
S a m p l e  a t  90 f t  
S a m p l e  a t  1 0 5  f t  
S a m p l e  a t  115 ft 
S a m p l e  a t  1 2 5  ft 
S a m p l e  a t  135 ft 
S a m p l e  at 1 4 5  f t  
S a m p l e  a t  155 ft 

DRIVEN ( 2 0 0 9 - 0 c t - 2 2  : R-09-004.MDF) 



E a r t h S p e c t i v e s  2009-Oct-28 

A C T A  SCHUYLER HEIM BRIDGE REPLACEMENT, B O R I N G  HOLE R-09-009, C6L D R I L L I N G  

EMX ( k i p s - f t )  
Max T r a n s f e r r e d  E n e r g y  
0 . 0 0  0 . 2 0  0 . 4 0 ,  

N o t e s  1 .  Sample  a t  2 0  f t  
2 .  Sample  a t  60 f t  
3 .  Sample  a t  8 0  f t  
4 .  S a m p l e  a t  9 0  f t  
5 .  S a m p l e  a t  1 0 0  f t  

N o t e s  6 .  S a m p l e  a t  1 1 0  f t  
7 .  S a m p l e  a t  1 2 0  f t  
8 .  S a m p l e  a t  130 f t  
9.  S a m p l e  a t  140  f t  

10. S a m p l e  a t  1 5 5  f t  

BPM ( b l / r n i n )  
B l o w s  P e r  M i n u t e  

N o t e s  



P i l e :  R - 0 9 - 0 0 9  P r o j :  ACTA H E I M  BRIDGE PROJECT P g l  
I n f o :  MUD ROTARY- rope and c a t h e a d  S P :  0 . 4 9 2  k / f t A 3  
AR : 1 . 4  i n - 2  WS: 1 6 8 0 8  f t / s  
LE:  1 6 5 . 0  f t  EM: 3 0 0 0 0  ICSI 
_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: M a x  T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  R a t i o  CSX: Max Measured C - S t r e s s  
E2 F : UNDEFINED C S I :  M a x  F 1  o r  F 2  C - S t r e s s  
EF2 : E n e r g y  by F-2  Method TSX: Max C o m p u t e d  T - S t r e s s  
EV2 : UNDEFINED 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - -  - - - - - - - - - - - - 
BL# d e p t h  TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 

end b l / f t  f t K-ft 9 K - f t  b l /min  l c s i  l c s  i ks i 

1 3 1 0 . 0 0  AV 0 . 2 0  55 0 2 . 3 0  0 2 4 . 0  2 8 . 2 7  2 8 . 2 7  0 . 0 0  



Pile: R-09-009 Proj: ACTA HEIM BRIDGE PROJECT P g 2  
Info: MUD ROTARY- rope and cathead 
_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# depth TY EMX E T R  E2F EF2 EV2 BPM CSX CSI TSX 
end bljft ft K-ft 9 K-ft bl/min ksi k s i  ksi 
687 9 140.00 AV 0.24 68 0 3.01 236 34.8 23.31 23.31 2.79 

MX 0.30 8 0 0 3.69 303 38.8 28.09 28.09 5.59 
MN 0.18 51 0 0.00 13 0.0 3.80 3.80 0.47 

COMMENTS 
JC = 0.70 
Sample at 20 ft 
Sample at 60 ft 
Sample at 80 ft 
Sample at 90 f t 
Sample at 100 ft 
Sample at 110 ft 
Sample at 120 ft 
Sample at 130 ft 
Sample at 14 0 f t 
Sample at 155 ft 

DRIVEN (2009-0ct-28 : R-09-009.MDF) 
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INTRODUCTION 

Boring geophysical measurements were collected in six uncased boriilgs for the Schuyler Heim 

Bridge Project at the Port of Los Angeles, Califorilia. Geophysical data acquisition was 

performed betweenmOctober 19 to November 6, 2009 by Victor Gonzalez and Charles Caster of 

GEOTfision. Data analysis was performed by Victor Gonzalez and reviewed by Robert Steller of 

GEOTfision. Repoi-t preparation was performed by Victor Goilzalez and reviewed by Jolln Diehl 

of GEOVision. The work was performed under subcoiltract with Eai-th Mechanics, Inc. (EMI) 

with G. J. Gunaranjan serving as the point of contact for EMI. 

This. report describes the field measurements, data analysis, and results of this work. 
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SCOPE OF WORK 

This report presents the results of boring geophysical ineasurelnents collected between October 

19 and November 6,2009 in six 4 718 -inch uncased borings, as detailed in Table 1. The purpose 

of the study was to suppleineilt stratigrapl~ic information obtained during EMI's soil sampling 

progranl and to acquire shear wave velocities and coinpressional wave velocities as a f~l~lnction of 

depth. 

-I 

I ELEVATION - FEET I COORDINATES - FEET "' I 
BORING 

DESIGNATION 

"'Coordinates and elevations provided by EM1 

Table 1 Boring locations and logging dates 

DATES 

LOGGED 

MLLW "' 

The OYO Suspension Logging Systenl was used to obtain in-situ horizontal shear and 

colllpressional wave velocity ineasureillents at 1.6-foot intervals. The acquired data  were 

analyzed and a profile of velocity versus depth was produced for both conlpressiollal and 

horizoi~tally polarized shear waves. 

A detailed reference for the velocity lneasurement teclmiques used in this study is: 

Guidelines for Determining Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, 

Sections 7 and 8 .  

NORTHING 

GEOVision Report 9375-01 rev a 
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Suspension Instrumentation 

Suspension soil velocity nleasure~llents were performed in all borings using the PS suspeilsio~~ 

logging system, manufactured by OYO Co~yoration, and their subsidia~y, Roberts011 

Geologging. This system directly determines the average velocity of a 3.3-foot high segmeilt of 

the soil columl sulxounding the boring of interest by n~easuring the elapsed time between 

arrivals of a wave propagating upward tlu-ough the soil colu~~m.  The receivers that detect the 

wave, and the source that generates the wave, are inoved as a unit in the boring producing 

relatively constant amplitude signals at all depths. 

The suspension systenl probe consists of a conlbined reversible polarity solenoid horizoiltal 

shear-wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure I .  The separation of the two receivers i s  3.3 feet, 

allowing average wave velocity in the region between the receivers to be dete~~ilined by 

inversion of the wave travel time between the two receivers. The total length of the probe as used 

in these sulveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bcttonl 

end of the probe. 

The probe receives control signals from, and sends the receiver signals to, instrunlentation on the 

surface via an arnlored 4 or 7 conductor cable. The cable is wound onto the drum of a winch and 

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28- 

foot cii-cu~llference sheave fitted wit11 a digital rotary encoder. 

The entire probe is suspended in the boring by the cable, therefore, source motion is not  coupled 

directly to the boring walls; rather, the source motion creates a horizontally propagating 

illlpulsive pressure wave in the fluid filling the boring and sun-ounding the source. This pressure 

wave is convested to P and SH-waves in the sun-oundii~g soil and rock as it iinpinges upon the 

wall of the boring. These waves pl-opagate through the soil and rock surrounding the boring, in 

tuin causing a pressure wave to be generated in the fluid sun-ounding the receivers as the soil 
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waves pass their location. Separation of the P and SH-waves at the receivers is performed using 

the following steps: 

1 .  Orientation of the l~orizontal receivers is maintained parallel to the axis of the source, 

~llaxinlizing the amplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providiag a cha~acteristic SId- 

wave signat~lre distinct from the P-wave signal. 

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and 

da~np sigilificantly before the slower SH-wave signal arrives at the receiver. I11 saturated 

soils, the received P-wave signal is typically of much higher frequency than the received 

SH-wave signal, permitting additional separation of the two signals by low pass filtering. 

4. Direct all-ival of the original pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significa~ltly greater than the 

dillleilsion of the fluid a~u~ulus  surrouilding the probe, preventing significant energy 

transmission through the fluid medium. 

I11 operation, a distinct, repeatable pattern of impulses is generated at each depth as follows: 

1. The source is fired in one direction producing dominantly horizontal shear with some 

vertical compression, and the signals fi.0111 the horizontal receivers situated parallel to the 

axis of nlotioil of the source are recorded. 

2. The source is fired again in the opposite direction and the l~orizontal receiver sigilals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded. The repeated 

source pattern facilitates the picking of the P and SH-wave arrivals; reversal of the  source 

cha~lges the polarity of the SH-wave pattern but not the P-wave pattern. 

The data from each receiver during each source activation is recorded as a different channel on 

the recording system. The Suspension PS system has six channels (two simultaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six channels with 

a commxon time scale. Data are stored on disk for further processing. Up to 8 sampling sequences 

call be sumned to inlprove the signal to noise ratio of the signals. 
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Review of the displayed data on the recorder or coillputer screen allows the operator t o  set the 

gains, filters, delay time, pulse length (energy), sanlple rate, and suimlling iluillber to optinlize 

the quality of the data before recording. Verificatioil of the calibration of the Suspensioll PS 

digital recorder is perfornled every twelve months using a NIST traceable frequency source and 

counter, as outliiled in Appendix B. 
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Suspension Measurement Procedures 

Six 4 7/8-inch uilcased borings filled with freshwater drilliiig mud were logged. Measurements 

followed the GEOVisioli Procedure for P-S Suspensioil Seismic Velocity Logging, revisioil 1.4. 

Prior to each logging run, the probe was positioned with the top of tlie probe at the top of the 

drilling illud tub, ground surface, or other stationary reference point. Subsequeiltly, the electroilic 

depth counter was set to 8.2 feet, the distance between the inid-point of the receiver and the top 

01 the probe, minus the height of the stationaiy refereilce point, as verified with a tape measure, 

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the 

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as 

summarized in Table 2. 

At each ~lieasurenieilt depth the ineasureillent sequence of two opposite horizontal records and 

one vertical record was perforilled, and the gains were adjusted as required. The data from each 

depth were viewed on the computer display, checlted, and recorded on disk before moving to the 

next depth. 

Upoil completion of the measuremeilts, the probe zero depth indication at the statioilaiy 

reference point was verified and recorded 011 the field logs prior to removal from the  boring. 

Field data were backed up to USB flash drive each day upon completion of data acquisition. 

Table 2. Logging dates and depth ranges 
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DATA APdAL'fSIS 

Suspension Analysis 

Using the proprietaiy OYO program PSLOG.EXE versioll 1.0, the recorded digital waveforins 

were analyzed to locate the illost proiniilent first minima, first maxima, or first break on the 

vertical axis records, indicating the aisival of P-wave energy. The difference i11 travel time 

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate the P-wave velocity for 

that 3 .;-foot segnlent of the soil colunm. When observable, P-wave arrivals on the horizontal 

axis records were used to verify the velocities deter~nined from the vertical axis data. The time 

picks were then transfei-red into a11 EXCEL tenlplate (EXCEL version 2003 SP2) to colllplete the 

velocity calculations based on the alsival time picks made in PSLOG. 

The P-wave velocity over the 6.33-foot ii~terval from somce to receiver 1 (S-R1) was also piclted 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived from the travel time between receivers. In this analysis, the depth values as recorded 

were increased by 4.53 feet to correspolld to the mid-point of the 6.33-foot S-R1 iilterval. Travel 

tiines were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting 

0.35 milliseconds, the calculated and experilnentally verified delay froin source trigger pulse 

(beginning of record) to source impact. This delay con-esponds to the duratioil of acceleration of 

the soleiloid before impact. 

As with the P-wave records, using PSLOG, the recorded digital waveforms were ai~alyzed to 

locate the presence of clear SH-wave pulses, as indicated by the presence of opposite polarity 

pulses on each pair of l~orizontal records. Ideally, the SH-wave signals from the '~lormal' and 

'reverse' source pulses are very nearly inverted iinages of each other. Digital FFT - IFFT lowpass 

filtering can be used to remove the higher frequency P-wave signal from the SH-wave signal. 

Generally, the first maxima were piclted for the 'nomlal' signals and the first nlinirna for the 

'reverse' signals, altllougil other points on the waveform were used if the first pulse was distorted. 

The absolute arrival time of the 'nonnal' and 'reverse' signals may vary by +/- 0.2 milliseconds, 

due to differences in the actuation time of the solenoid source caused by constallt iliecl1anical 

bias in the source or by boring inclination. This variation does not affect the R1-R2 velocity 
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deterininations, as the differential time is measured between arrivals of waves created by the 

salne source actuation. The final velocity value is the average of the values obtained from the 

'normal' and 'reverse' source actuations. 

As with the P-wave data, SH-wave velocity calculated froin the travel time over the 6.33-foot 

interval fro111 source to receiver 1 was calculated and plotted for verification of the velocity 

derived from the travel time between receivers. I11 this analysis, the depth values were increased 

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel times were 

obtained by picltiilg the first break of the SH-wave signal at the near receiver and subtractiilg 

0.35 milliseconds, the calculated and experimentally verified delay fro111 the beginning of the 

record at the source trigger pulse to source iinpact. 

These data and analysis were reviewed by Robert Steller as a coinponent of GEOT/isiorzYs in- 

house QA-QC program. 

Figure 2 shows an example of R1 - R2 n~easurements on a sample filtered suspension record. In 

Figure 2, the time difference over the 3.3-fool iilterval of 1.88 milliseconds for the l~orizontal 

signals is equivalent to an SH-wave velocity of 1745 feetlsecond. Whenever possible, tiiile 

differences were deterinined from several phase points on the SH-waveform records to verify the 

data obtained fi-om the first ail-ival of the SH-wave pulse. Figure 3 displays the same record 

before filtering of the SH-waveforin record wit11 a 1400 Hz FFT - IFFT digital lowpass filter, 

illustrating the presence of lligher frequency P-wave energy at the beginning of the record, and 

distoi-tion of the lower frequency SH-wave by residual P-wave signal. 
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RESULTS 

Suspension Results 

Suspeilsion R1-R2 P- and SH-wave velocities are plotted in Figures 4, 5 ,  6, 7, 8, and 9. The 

suspension velocity data presented in these figures are presented in Table 3, 4, 5 ,  6, 7, and 8, 

respectively. These plots and data are included in the EXCEL ailalysis files trailsilzitted 

separately. 

P- and S,.l-wave velocity data from R1-R2 analysis and quality assurance analysis of S-R1 data 

are plotted together in Figures A-1 tlxough A-6 to aid in visual comparison. It slzould be noted 

that R1-R2 data are an average velocity over a 3.3-foot segment of the soil columm~; S-R1 data 

are an average over 6.33 feet, creating a significant srnootlling relative to the R1-R2 plots. S-R1 

data are presented in Tables A-1 t l u o ~ g h  A-6, and included in the EXCEL analysis files. 

Calibratioil procedures and records for the suspension PS meas-urement systenl are preseilted in 

Appendix B . 
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Discussion of Suspension Results 

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotary nlud (rotaiy wash) methods, as were these borings. Thus data collected in these uilcased 

borings was of veiy good quality. 

Suspension PS velocity data quality is judged based upoil 5 criteria: 

1. Consistent data betweeil receiver to receiver (R1 - R2) and source to receiver (S - R1) 

data. 

2. Consistent relationship betweeil P-wave and SH -wave (excluding transition to saturated 

soils) 

3. Coilsistency between data froin adjacent depth intervals. 

4. Clarity of P-wave and SH-wave onset, as well as dainping of later oscillations. 

5 .  Consistency of profile betweeil adjacent borings, if available. 

These data show good correlation between R1 - R2 and S - R1. Additionally, there is a good 

con-elation between P-wave and SH-wave velocities, as both show similar velocity i~~flections. 

Data from adjacent depth iiltervals are generally similar. P-wave and SH-wave onsets are clear 

and later oscillatioils are well damped. 

Velocity profiles between borings in the study area are generally similar. All borings exhibit SH- 

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over 

1,000 fps at depth. All borings show an increase to water velocitiesin the P-wave profiles at 10 - 

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a similar 

decrease in P-wave velocity at approxin~ately 45 - 5 5  feet bgs which typically indicates an 

organic-rich zone. 

GEOVision Re~0r t  9375-01 rev a Paae 14 of 72 November 11,2009 



Project Number 06-1 23 

Quality Assurarice 

These boring geophysical nleasurenlents were performed using industry-standasd o r  better 

methods for nleasurenlents and analyses. All work was perfornled under GEOlii'siorz quality 

assurance procedures, which include: 

Use of NIST-traceable calibrations, where applicable, for field and laboratory 

instruinentation 

Use of standard field data logs 

a Use of independent verification of velocity data by co~~~pasison of receiver-to-receiver and 

source-to-receiver velocities 

Independent review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 

Suspension Data Reliability 

P- and SH-wave velocity measurement using the Suspension Method gives average velocities 

over a 3.3-foot interval of depth. This l~igli resolutioll results in the scatter of values s l~own in tlie 

graphs. In uncased borings, individual measureinents are very reliable, with estimated precision 

of +I- 5%. Standardized field procedures and quality assurance checlcs contribute to the 

reliability of the data. 
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4 or 7-Conductor cable OYO PS-170 or 

LoggerIRecorder 

Head Reducer 

Upper Geophone 

Lower Geophone 

Source Driver 

Figure 1: Concept illustration of P-S logging system 
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F a r  HN 
9.918 

F a r  HR 
10. 140 

F a r  U 
5.555 

Hear HN 
8.83E 

Near HR 
8 .  ZbE 

Near U 
5.89: 

Figure 2: Example of filtered (1400 Hz lowpass) record 
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Far HH 
9 -918 

Far HR 
18.148 

Far U 
5.555 

Near HH 
8.030 

Near HR 
8.268 

Near U 
5.095 
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8CHblYLEW HElM BRIDGE BORING R48409 
Recrlvrr to Receiver V, and V, Ancllyala 

6 4 60Q 2QQQ 3060 4QQQ 5000 BQQQ 7000 
VELOCITY (W8) 

Figure 4: Boring R-09-007, Suspension R1-R2 P- and SH-wave velocities 
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional  Wave Velocity, Shea r  Wave Velocity, and  Poisson ' s  Rat io  
Based  o n  Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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Summary of Compressional \Nave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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SCHUYLER HElM BRIDGE BORING R49-044 
Receiver to Receiver V, and V, Analysis 

8 4QQQ 2000 3000 40061 5000 t3OQf.3 9000 
VELOCITY (Ws) 

Figure 5: Boring R-09-014, Suspension R1-R2 P- and &-wave velocities 
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Table 4. Boring R-09-014, Suspension Rl -R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 

Midpoint Between Midpoint Between 
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SGHblYblER HElM BRIDGE BORING R4942 l  
Rreelver to Rrerlvrr V, and V, Rnalysle 

0 

Figure 6: Boring R-09-021, Suspension R1-R2 P- and SH-wave velocities 
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 

Metric Units 

Depth at Velocity 
I 

Midpoint Between Poisson's 
Receivers vs V, Ratio /I 
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Summary of  Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 

Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHUYLER HElM BRIDGE BORING R49422 
Receiver to Receiver V, and V, Analysis 

Figure 7: Boring R-09-022, Suspens ion  Rl -R2 P- and  &-wave velocities 
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional wave \!elocity, Shear Wave \/elocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 

Midpo~nt Between 
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SCHIJYLER WElM BRIDGE BORING R-QB425 
Receiver to Receiver V, and V, Analysis 

Figure 8: Boring R-09-025, Suspension R1 -R2 P- and SH-wave velocities 
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and &-wave velocities 

Summary  of Compressional Wave Velocity, S h e a r  Wave  Velocity, a n d  P o i s s o n ' s  Rat io  
Based  o n  Receiver-to-Receiver Travel Time Data - Borehole  R-09-025 
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tann  ivlecnanlcs ~nc.  vroject ~ u m ~ e r  ub-IZJ 

Summary of Compressional Wave Ve!ocity, Shear Wave Ve!ocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 

Midpoint Between 
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Summary of Compressional  Wave Velocity, Shear  Wave \/elocity, and  Poisson 's  Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Earth Mechanics Inc. Project Number 06-123 

SCHlLdYLEW HEIM BRIDGE BORING $"a48428 
Receiver ts Receiver Vs and V, Analysls 

+Near-Far Receivers, VIJ 

l l l l l l l l l l l l l l l l l l l l l l l l l l l l l  I l l  I I  

0 4 000 2000 3000 4QOQ 5000 6000 SQQQ 
VELOCITY (Ws) 

Figure 9: Boring R-09-028, Suspension R l  -R2 P- and SH-wave velocities 
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C d l L I I  IVIt2LIIdlllGS IIIL'. Project Number 06-123 

Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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t a n n  iviecnanics ~nc. rrolecr ~ u m o e r  ub-I 1.j 

Summary of Compressional Wave Velocity, Shear Wave \/elocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 

Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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APPENDIX A 

SUSPERISIBN VELOCITY MEASUREMENT 
QUALITY ASSURANCE SUSPENSION SOURCE 

TO RECEIVER ANALYSIS RESULTS 
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Earth Mechanics Inc. Project Number 06-123 

8GHMYLER HEIM BRIDGE BORING W.188487 
Source to Wecelvatr and Rscslver ta Recelver Analyals 

0 - 

+ Source-Near Receiver. Vs 

+ Near-Far Receivers. Vp 

I I 

I a0 
Q 4QQO 2QQQ 30QQ 4000 SQQQ @000 9000 

VELOCITY [w8} 

Figure A-I . Boring R-09-007, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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. Table A- I .  Boring R-09-007, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Depth at Midpo~nt 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 - 

Between Source and Between Source and 
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t a n n  lviecnanlcs inc. Project Nu rnber 06-1 23 

8CHUYLER HElM BRIDGE BORING R49494  
Saurce to Recelver and Reeelver ta Recelvsr Analyals 

4 OOQ 

4 20 

4 48 

Source-Neal Receiver. Vs 

Near-Far Receivers, Vp 

--I-I= - - 

Q 4 0OQ 2000 3000 4060 5OQQ QOQQ 7600 

VELOCITY (Ws) 

Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-2. Boring R-09-014, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 

Depth at Midpoint 
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Summary of Compressional Wave \/elocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 
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SGHhllYLEW HElM BRIDGE BORING R43424 
. 

Source to Receiver and Re~elver t~ Receiver Analys1r 

+ Source-Near Receivel. Vs 

-is-- Near-Fa1 Receivers, Vp 

1 - 1 - f - - t - - r 1 ~ - ~ i i - - - I ~ l - i . - =  - 

Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-3. Boring R-09-021, S - R l  quality assurance-analysis P- and &wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and Between Source and 
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t a n n  lviecnanlcs lnc. Project Number Ub-1ZJ 

SCHMYLER HElM BRIDGE BORING R48422 
Souree ta Receiver and Receiver to Raeeluer Annlysls 

0 - 

I 80 
Q 2600 40QQ QOQQ BQQQ 

VELOCITY Ems) 

+ Sou~.ce-Near Receiver, Vs 

+Near-Far Receivers? Vp 

w 

------ -------------- 

Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear  Wave Velocity, and Poisson 's  Ratio 
Based  on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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tar th  Mechanics Inc. Project Number 06-1 23 

8CHbllYLEW HEIM BRIDGE BORING Rag425 
SQMPC~ to Reeelver and Recgllver to Receiver AnelysIs 

--0--Source-Near Receiver, Vs 

+Near-Far Receivers, Vp 

I-8-I-I-t-1-1-1-1-1-1-1-1 

6 2000 4006 6068 8066 

VELOCITY (ftls) 

Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Depth at Midpoint 
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t a r tn  lvlecnan~cs ~nc. rrojecr ivurnoer UO-'ILJ 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Between Source and 

Metric Units 

Depth at Midpoint Velocity 

Between Source and Poisson's 
Near Receiver v, V, Ratio 

(m) (mls) (mls) 

23.0 230 1620 0.49 

23.5 240 1640 0.49 

23.8 240 1600 0.49 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
. Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Between Source and Between Source and 
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Earth Mechanics Inc. Project Number 06-123 

SCHMYLER HElM BRIDGE BORING Wag428 
-wee to Racelvar and Wccelvar ts Wacalver Analysis 

Q 

480 
Q 4 QQQ 2000 3000 4000 5000 600Q 7Q6Q 

VELOCITY ffWs) 

u Soiirce-Near Receiver. Vs 

4%- Near-Far Receivers. Vp 

H 

Figure A-6. Boring R-09-028, R1 - R2 high resolution analysis 
and S - R l  quality assurance analysis P- and &-wave data 
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Table A-6. Boring R-09-028, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Depth at  Midpoint Depth at Midpoint 
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S~ammary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Between Source and Between Source and 
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APPENDIX B 

BORING GEOPHYSICAL LOGGING 
SYSTEMS - NlST TRACEABLE CALIBRATION 
PROCEDURES AND CALIBRATION RECORDS 
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C d l  111 I V I C L I l d l l l b 5  I I I L .  

E Bb ll S 0 N E S "' Calibratioi~ Report 

r t u j e u  I V U I I I U ~ I  UD- IL3 

Page 1 of 4 

Metrology 
7?00 Fe11wic.li 1,ane 
Westminster, CA 92663 

GEOVisioll Geophysical Services 
1124 Olympic Drive 

Corona, CA 92881-3390 

'1ol.l Free: 866-723-2257 
Lab Code: 105014-0 

Manufacturer :  OYO 
Model  Number: 3403 
Description: Unit, Suspension Telemetry 
Asset Number:  160023 
Serial  Number: 160023 
Cal. Procedure:  Customer 
PO Number: 9200-0907 16-0 1 

Ambient  T e m ~ e r a t u r e :  23' C 
Ambient  Humidity: 56% R H  
Condition As Found:  In Tolerance 
Condition As Left: In Tolerance - No Adjustment 
Cal ibrat ion Date: 0711 712009 
Calibration D u e  Date: 07/17/2010 
Calibration Interval :  12 Months 

Rern arlts: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in SCE Document M013987. The data can be found on pages 2 and 3 of this repost with the original observation databn page4. 

Standards Utilized 
I.D. No. 1 Manufacturer- I ~ o d e l ~ o .  r -.IlIe_scription . -' - - - I Cal. Date ( Due Date 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by t h e  client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVCAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISOJIEC 17025:2005, ANSIINCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 

51-01252 
51-01347 
S1-03686 

the uncertai ted is he expa ded uncertainty of the measurement, where k=2. 
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Hewlett Packard 
Hewlett Packard 
Fluke 

5335A OPT 010,203040 

3325A 
910 

Counter, Universal 
Generator, Function, Synthesizer 
Standard, Frequency, Controlled, Gps 

01/29/2009 1 07/29/2009 
05/04/2009 1 11/04/2009 
01/24/2009 1 01/24/2010 



M,r,lCn~r CPM: I'enior! I.?.? (Profersio~inij 

G c  DUI: (9548AF3D-C74D-4C9~-AEEF-I/EIZ560BC451] (5) 

Doc DUI: (A8 IOF47E-4CSF-4650-91CBd05A772E36JCI] (0) 

Test No. 573794 
Custom Specification Report 
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Page 1 of 2 
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Teiernetry, 

ASLEFT 

S a m e  

S a m e  

S a m e  

S a m e  
-- 

S a m e  

S a m e  

S a m e  

S a m e  

S a m e  

S a m e  

Unit, Suspellsion 

AS FOUND 

50.00 

100.0 

200.0 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

Asset NO. 160023 Oyo 3403 

Customer 

November 11, 2009 

[ E M  0.005000] 
-- 

1980 to 2020 Hz 
[EMU 0.010000] 

-- 

49.50 to  50.50 HZ 
[EMU 0.000250] -- - 

99.0 to 101.0 Hz 
[EMU 0.0005001 

- - 

198.0 t o  202.0 Hz 
[EMU 0.001000] 

495.0 t o  505.0 Hz 
[EMU 0.002500] 

Out 
of 

To 1 

- 

NOMINAL 
VALUE 

50.00 Hz  

100.0 H z  

STEP 
NUM 

Page 2 of 4 

ChlLIBRATION 
TOLERANCE -- 

49.50 to 50.50 HZ 
[EMU 0.000250] -- 

99.0 to 101.0 Hz 
[EMU 0.000500] 

---- - 

198.0 to 202.0 Hz 
[EMU 0.001000] 

495.0 to 505.0 Hz 
[EMU 0.002500] 

--- 

990 to 1010 Hz 
[EMU 0.005000] 

--- -- 

1980 t o  2020 Hz 
[EMU 0.010000] 
-- -- 

49.50 to 50.50 HZ 
[EMU 0.000250] 

99.0 t o  101.0 Hz 
[EMU 0.000500] --- -- 

198.0 t o  202.0 Hz 
[EMU 0.001000] 

-- 

495.0 to 505.0 Hz 
[EMU 0.0025001 -- 

990 to 1010 Hz 

FUNCTION 
TESTED 

CH HN 
Frequency 
Sine Wave 

1 

I 

I 

CI-I V 
Frequency 
Sine Wave 

-- 

I 

_ 

1000 Hz 

2000 Hz 

50.00 H Z  

100.0 Hz  

1000 

2000 

50.00 

100.0 

200.0 

500.0 

I 200.0 Hz  

S a m e  

S a m e  

S a m e  

S a m e  

S a m e  

S a m e  

I 

I 

I 500.0 H z  

200.0 Hz 

500.0 Hz  

I 

I 
--- 

- 
Remarits: 

1000 H z  

2000 H z  

! 
CH HR 

FI equency 
S ~ n e  Wave 

I 

I 

I 

50.00 H z  

100.0 Hz  

200.0 Hz  

500.0 Hz 
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SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: OYO Model no.: 3403 
Serial no.: 160023 Calibration date: 711 712009 
By: Craig Branson Due date: 711 71201 0 

Counter mfg.: 
Serial no.: 
By: 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: 1/29/2009 
SCE #Sl-01252 Due date: 7/29/2009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 

SCE #S1-01347 Due date: I 1/4/2009 

8 
I OKHz 
See samole oeriod in table below 

Delay: 0 
Stack (1 std) 1 
System date = correct date and time 711 712009 / O t ?  

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)IACT*l 00)% As found -0. / / As left -0 ,  I I * [  

Calibrated by: Craig Branson 711 712009 
Name Date / Signature 

Witnessed by: Robert Steller 711 712009 
Name Date 

fi, L 
Signature 

Suspension PS Seismic RecorderILogger Calibration Data Form Rev 2.0 July 21 , 2008 
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Average 
Frequency 

V (Hz) 
co,aO 
/840 
E"0.0  

0 

992,ej 
u O a  

Page 68 of 72 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

November 11, 2009 

Time for 
9 cycles 

Hr (msec) 
/go.Oa 
90.06 
45.00 
/ 3.- 
9.ooo 
q.Jso 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Average 
Frequency 

Hr (Hz) 
90.~8 

/oo .o  

zoo. o 
5-08.0 

/BOO 

2660 

Time for 
9 cycles 
V (msec) 
138.oO 
?D.OO 

y5.00 
/8.06 

9 .  o / o  
4.500 

Average 
Frequency 

Hn (Hz) 
50.00 

/ O O . O  

Z0o.o 
f500.0 
/auo 
2000 

Sample 
Period 

(micros) 
200 
100 
5 0 
2 0 
10 
5 

File 
Name 

401 
402 
403 
404 
405 
406 

Time for 
9 cycles 

Hn (msec) 
t g 0 . 0 0  

9 0 ~ 0  
45.00 
/ 8.00 

9.000 
4.500 



1 EDISON ES Calibration Report 

GEOVision Geophysical Services 
1124 Olympic Drive 

Corona, CA 92881-3390 

' " J C C L  I .UI , IULl  "V- ,LC) 

Page I of 4 

'Toll I:~.ee: 866-73.;-7-257 
Lab Code: 105014-0 

Rlanufacturer:  yo 
Model Number: 3403 
Description: Unit, Suspension Telemetry 

Asset Number: 160024 

Serial Number: 160024 

Cal. Procedure: Customer 

PO Number: 9200-0907 16-01 

Ambient Tern~erature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 

Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 

Calibration Due Date: 07/17/2010 

Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with tlie customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in  SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards Utilized 

Caiibraiion Performed By: - - - - a - - 

Branson, Ciaig A -- Metrolog~st 71 4-895-0714 --- 
Nnnic T~t lc  P l~one 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISOIIEC 17025:2005, ANSIINCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the uncerta t ted i the ex anded uncertainty of the measurement, where k=2. 
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I.D, NO; 

SI-01252 

S1-01347 

S1 -03686 

~o&[fld:i"-:-.~=::-': -*- - . -. 
5 3 3 5 ~  OPT O I O , Z O ~ O ~ O  

3325A 

91 0 

M$nqfacturer_ - ' .. ' - ;-- - - - 
Hewlett Packard 

Hewlett Packard 

Flulte 

PueDate 
07/29/2009 

11/04/2009 

01/24/2010 

, -  = -.'I=, ' - - - 
.'-,~es,cFiptjbn'- -', :- . - - :k ..I _ A - - . 

Counter, Universal 

Generator, Function, Synthes~zer 

Standard, Frequency, Controlled, Gps 

-Cali Dgte 

01/29/2009 

05/04/2009 

01 /24/2009 



Test No. 573795 
Asset No. 160024 

Custom Specification Report 
Oyo 3403 Unit, Suspellsioll Telemetry, Page 2 of 4 

MurlCnrr CPM: I'errian 2.2.2 (Projcrriorinl) 

S,r DUI: (954SA~D-C7JD-JC9F-AEEI:-ZIEFS6OBC451] (c) 
ATTACHMENT 2 

Doc DUI: /1169C082-3A13-416iI-8IBF-J09D9887DDDA) (0) Page 1 of 2 
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ASLEFT 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

STEP 
NUM 

- 

NOMINAL 
VALUE 

50.00 HZ 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 
- 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 HZ 

100.0 Hz 

200.0 Hz 

500.0 Hz 

FUNCTION 
TESTED 

CH HN 
F~equency 
S ~ n e  Wave 

I 
.- 

Out 
of 

To1 
AS FOUND 

50.00 

100.0 

200.2 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

1001 

2000 

50.00 

100.0 

200.0 

500.0 

CALIBRATION 
TOLERANCE 

49.50 to 50.50 Hz 
[EMU 0.0002501 

99.0 to 101.0 Hz 
[EMU 0.000500] 

- 

198.0 to 202.0 I3z 

[EMU -- 0.001000] -- 

495.0 to 505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000] 

-- 

1980 to 2020 Hz 
[EMU 0.010000] 

49.50 to 50.50 Hz 
[EMU 0.000250] 

99.0 to 101.0 Hz 
[EMU 0.000500] 

[EMU 0.001000] 
198.0 to  202.0 Hz 

- -- 

495.0 to  505.0 T-lz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000] 
--- 

1980 to  2020 Hz 
[EMU 0.010000] 

49.50 t o  50.50 -- HZ 

-- 

[EMU 0.000250] - 

99.0 to 101.0 Hz 
[EMU 0.000500] 

- 

198.0 t o  202.0 Hz 
[EMU 0.001000] 

- 

[EMU 0.002500] 
495.0 t o  505.0 Hz 

--- 

--- - -1 

-- 

- 

I 
- 

I 
-- 

I 
-- 

CH HR 
FI equency 
S ~ n e  Wave 

I 
-- 

I 
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-- - - - - 

I 
--- 

I 
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APPENDIX C. 

LABORATORY SOIL TEST ]RESULTS 



Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) (PCQ 

R-09-036 S-03 15 43.6 NA 

R-09-036 D-06 3 0 32.2 91.8 

R-09-036 D-08 40 32.8 89.5 

R-09-036 S-09 45 38.7 N A 

R-09-036 S-I I 55 28.4 NA 

R-09-036 D-12 60 36.7 91 .O 

R-09-036 S-13 6 5 25.2 N A 

R-09-036 0-1 4 70 36.9 97.2 

R-09-036 S-I 5 75 14.6 NA 

MOISTURE AND DENSITY TEST RESULTS 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



POCKET PENETROMETER DATA 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 

Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-036 D-02 10 0.53 

R-09-036 D-04 2 0 0.33 

R-09-036 U-05 25 1 .OO 

R-09-036 D-06 3 0 0.67 

R-09-036 D-08 40 1.75 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) (%) 

R-09-036 S-01 5 75.38 
R-09-036 S-03 15 79.26 
R-09-036 D-06 30 32.51 
R-09-036 S-07 35 21.13 
R-09-036 S-09 45 80.1 5 
R-09-036 S-I I 55 45.51 
R-09-036 S-13 65 14.1 1 

PERCENT PASSING NO. 200 SlEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



AP Engineering & Testing, inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 1 I1  9/09 

ACTA Heim Bridge Replacement Computed by: KM Date: 11/24/09 
Checked by: AP Date: 12/01 109 

GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 





AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM B 43118 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 01/06/10 
Project No.: 06- 123-03 Checked By: AP Date: 01/08/10 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Boring Sample Depth LL PL PI U.S.C.S 
Number Number (feet) Symbol 

+ R-09-036 D-04 20 42 2 8 14 ML 



AQ Engineering & Tesiing, Inc. 

APTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement TestedBy: WJO Date: 01/05/10 
Project No.: 06-123-03 Checked By: AP Date: 01 /08/1 0 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Symbol Boring Sample Depth LL PL PI U.S.C .S 

Number Number (feet) Symbol 

O R-09-036 S-09 45 24 19 5 CL-M L 



AP Engineering & Testing, lnc. 

ATTERBERG LIMITS 
ASTM D 434 8 

Project Name: ACTA Heim Bridge Replacement 
Project No.: 06-1 23-03 

Tested By: DK Date: I 1/24/09 
Checked By: AP Date: 12/01 109 

0 10 20 30 40 50 60 70 80 90 100 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Wet Preparation 

Dry Preparation 

Procedure A 
Multipoint Test 

Procedure B 
One-point Test 

Number of Blows 

Boring Sample Depth 
LL PL PI U.S.C.S 

Number Number (feet) Symbol 

+ R-09-036 D-10 50 56 29 27 C H  



SPECIFIC GRAVIW 
ASTM D854 

AP Number: 29-1 121 

Client: Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement Data Input By: KM 
Project No. : 06-123-03 

BORING NUMBER R-09-036 

SAMPLE NUMBER U-05 

DEPTH (FT) 25 

SOIL CLASSIFICATION 

METHOD (A OR B) B 

FLASK NUMBER 1 

WT. FLASK+WATER+SOIL, g 385.76 

TEMPERATURE, "C 19.5 

CORRECTION FACTOR 1.0001 

WT. DRY SOIL, g 37.81 

WT. FLASK + WATER, g 249.36 

% RETAINED #4 0.00 

% PASSING #4 100.00 

MATERIAL EXCLUDED None 

SPECIFIC GRAVITY (Gpzo-c) ~ 2 . 6 8 ~ ~ ~ - I  



CORROSION TEST RESULTS 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 41 7 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 





Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) (PC~) 

R-09-037 B-00 0-2 13.7 N A 

R-09-037 S-0 1 5 46.8 N A 

R-09-037 D-02-2 10.5 61 .I 61.8 

R-09-037 S-03 15 49.2 NA 

R-09-037 D-05-2 25.5 42.3 78.4 

R-09-037 D-08-2 40.5 32.1 90.3 

R-09-037 S-09 45 34.9 NA 

R-09-037 D-I 0-1 50 25.0 100. I 

R-09-037 S-I  I 55 32.3 N A 

R-09-037 D-I 2-1 60 32.9 89.0 

R-09-037 D-I4 70 23.2 78.2 

R-09-037 D-16-1 8 0 23.5 100.2 

MOISTURE AND DENSITY E S T  RESULTS 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



POCKET PENETROMETER DATA 

Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 

Penetrometer (tsf) 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) (%) 

R-09-037 S-01 5 77.72 
R-09-037 D-02-2 10.5 72.38 
R-09-037 S-7 35 71.57 
R-09-037 D-10-1 50 41.77 

J 

PERCENT PASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 









AP Engineering & Testing, lnc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement 
Project No.: 06-123-03 

Tested By: WJO Date: 1211 8/09 
Checked By: AP Date: 12/31 109 

10 20 30 40 50 60 70 80 90 100 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Wet Preparation 

Dry Preparation 

I ProcedureA 
Multipoint Test 

Procedure B 
One-point Test 

I Number of Blows I 

Boring Sample Depth 
LL PL PI U.S.C.S 

Number Number (feet) Symbol 

R-09-037 D-02-2 10.5 NP NP NP 

n R-09-037 S-03 15 48 29 19 M L  

I * NP denotes "non-plastic" I 



AP Engineering & Testing, Inc. 

ATWRBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 1211 8/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/31 109 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

Q R-09-037 D-05-2 35.5 35 27 8 M L  

R-09-037 U-06 30 NP NP NP 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 434 8 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 1211 8/09 

Project No.: 06-123-03 Checked By: AP Date: 12/31/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Number of Blows 

Boring Sample Depth 
Number Number (feet) 

R-09-037 D-08-2 40.5 

R-09-037 S-09 

I * NP denotes "non-plastic" 



SPECIFIC GRAVITY 
ASTM D854 

AP Number: 29-1 121 

Client: Name: Earth Mechanics, Inc. 
Project Name: ACTA Heim Bridge Replacement Data Input By: KM 
Project No. : 06-123-03 

OIL CLASSIFICATION 



CORROSllON TEST RESULTS 

AP Engineering 8r Testing, lnc. 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 41 7 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 







Mold Number A B D 
Water Added, g 40 35 45 
Compact Moisture(%) 18.0 17.5 18.5 
Compaction Gage Pressure, psi 160 200 120 
Exudation Pressure, psi 21 6 458 168 
Sample Height, Inches 2.5 2.5 2.5 
Gross Weight Mold, g 3078 3074 3081 
Tare Weight Mold, g 1970 1969 1971 
Net Sample Weight, g 1108 1105 1110 
Expansion, inchesxl o ' ~  6 12 0 
Stability 2,000 (160 psi) 2 916 0 23/50 4711 08 
Turns Displacement 4.14 3.95 4.06 
R-Value Uncorrected 50 5 8 23 
R-Value Corrected 50 58 23 
Dry Density, pcf 113.8 114.0 113.5 
Traffic Index 8.0 8.0 8.0 
G.E. by Stability 0.84 0.71 1.31 
G.E. by Expansion 0.20 0.40 0.00 

R-VALUE TEST DATA 
ASTM D2844 

Project Name: ACTA Heim Bridge Replaceme Tested By: 
Project Number: 06-123-03 

Depth (ft.): 0.5-3.5 

Soil Description: Grayish Brown Silty Sand 

100 

90 

80 

70 
R-Value by Exudation = 54 
R-Value by Expansion = NIA 
Equilibrium R- Value = 54 

30 

20 

3.7 % Retained on the W o 
0 100 200 300 400 500 600 700 800 

EXUDATION PRESSURE - PSI 



VERTICAL STRESS (ksf) 

At Field Moisture After Saturation 

Initial Dry Unit Weight (pcf): 68.6 

Initial Moisture Content (%): 54.2 

Final Moisture Content (%): 44.8 

Assumed Specific Gravity: 2.7 

Soil Description: Silt with sand Initial Void Ratio: 

CONSOLIDATION CURVE 
ASTM D 2435 



Boring No. : R-09-037 Sample Type: Cal. Mod. 

Sample No.: D-02-1 Soil Description: Silt with sand 

Depth (feet): 10 Vertical Pressure (ksf): 1 

Test Condition: Saturated 

1440 0.3332 

CONSOLIDATION CURVE 
ASTM D 2435 



10 20 30 40 

Square root Time (minutes) 

Boring No. : R-09-037 Sample Type: Cal. Mod. 
Sample No.: D-02-1 Soil Description: Silt with sand 

Depth (feet): 10 Vertical Pressure (ksf): 1 
Test Condition: Saturated 

SQRT Time (minutes) Dial Reading (inches) 
0.3162 0.3485 
0.5000 0.3480 
0.7071 0.3475 

Project Name: ACTA Heim Bridge Replacement 

CONSOLIDATION CURVE Project NO.: 06-123-03 
ASTM D 2435 



10 

Time (minutes) 

Boring No. : R-09-037 
Sample No.: D-02-1 
Depth (feet): 10 

I Project Name: ACTA Heim Bridge Replacement 

CONSOLIDATION C U W E  Project NO.: 06-123-03 

Sample Type: Cal. Mod. 
Soil Description: Silt with sand 
Vertical Pressure (ksf): 4 
Test Condition: Saturated 

Time (minutes) 
0.1 

ASTM D 2435 

Dial Reading (inches) 
0.292 

I Date: 1 1/30/09 
AP No: 29-1 121 Figure No: 



Square root Time (minutes) 

Boring No. : R-09-037 Sample Type: Cal. Mod. 

Sample No.: D-02-1 Soil Description: Silt with sand 

Depth (feet): 10 Vertical Pressure (ksf): 4 

Test Condition: Saturated 

SQRT Time (minutes) Dial Reading (inches) 
0.3162 0.2920 
0.5000 0.2898 

37.9473 0.2461 

Project Name: ACTA Heim Bridge Replacement 

CONSOLIDATION CURVE Project NO.: 06-123-03 
ASTM D 2435 

Figure No: 



VERTICAL STRESS (ksf) 

+At Field Moisture After Saturation 

Initial Dry Unit Weight (pc9: 78.3 

Initial Moisture Content (%): 44.3 

Final Moisture Content (%): 38.8 

Assumed Specific Gravity: 

Soil Description: Sandy Silt Initial Void Ratio: 

CONSOLIDATION CURVE 
ASTM D 2435 







0.1 10 1000 

Time (minutes) 

Boring No. : R-09-037 Sample Type: Cal. Mod. 
Sample No.: D-5A Soil Description: Sandy Silt 
Depth (feet): 25 Vertical Pressure (ksf): 4 

Test Condition: Saturated 

Time (minutes) Dial Reading (inches) 
0.1 0.3538 

CONSOLIDATION CURVE I Project No.: 06-123-03 
ASTM D 2435 Date: 1 1 I30109 

IAP NO: 29-1 121 Figure No: 



20 30 

Square root Time (minutes) 

Boring No. : R-09-037 Sample Type: Cal. Mod. 
Sample No.: D-5A Soil Description: Sandy Silt 
Depth (feet): 25 Vertical Pressure (ksf): 4 

Test Condition: Saturated 

SQRT Time (minutes) Dial Reading (inches) 
0.3162 0.3538 

21 .go89 0.3377 - 
37.9473 0.3366 

CONSOLIDATION CURVE 
ASTM B 2435 



SUMMARY OF LABORATORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008B 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/29/2009 SUMMARIZED BY: JT 



SUMMARY OF LABORATORY TEST RESULTS 
EXPANSION INDEX 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008B 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1211 812009 SUMMARIZED BY: JT 

EXPANSION 



100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

GRAVEL 

BORING SAMPLE DEPTH SAMPLE SOIL  SYMBOL^ No. 1 No. 1 (FT) 1 TYPE I TYPE 

COARSE 1 FINE ICOARS I MEDIUM I FINE 

SAND 

1 project Name: 

SILT OR CLAY 

EGL Project No: 09-230-0086 

GRAINSIZE 

A-09-1 06 

ENVIRONMENTAL ....... 
GEOTECHNOLOGY - LABORATORY 

DISTRIBUTION CURVE 
12/29/09 (ASTM D422) FIGURE 

ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job No: 06-1 23-03 

B-01 4 Bulk C L 







Exudation Pressure (psi) 

Test Name and Method: 

Client: Earth Mechanics, Inc. 
LAB0 RAT0 RY 

est Results: R-Value at 300 psi 

R-VALUE TEST REPORT 

Horizontal 
Expansion Sample Exudation R- R,Value 

Test Compaction Density Moisture Pressure Height Pressure Pressure 
No. Pressure (psi) (pcf) (%) (psi) @ Value Correction 

(in) (psi) 160 psi (psi) 

1 150 111.3 16.1 0.45 67 2.57 143 42 43 

2 200 112.5 15.2 1.27 60 2.53 381 48 48 

3 220 113.8 14.3 2.09 5 1 2.51 780 56 56 



Earth Mechanics, Inc. 
09-230-0086 
1 2/29/2009 
A-09-1 06 

Sample Description: Sandy  clay (CL), dark brown 

Project Name: ACTA Heim Bridge Replacement 

314-inch Sieve 



600 500 400 300 200 

Exudation Pressure (psi) 

Test Name and Method: 
Boring No: A-09-1 09 Resistance R-Value and Expansion Pressure - Cal Test 301 

Sample Type: 

Test Date: 
Project No: 06-1 23-03 

R-VALUE TEST REPORT 

R-Value 
Correction 

72 

22 

45 

R- 
value 

72 

22 

45 

Sample 
Height (in) 

2.53 

2.50 

2.52 

Exudation 
Pressure 

(psi) 

51 8 

172 

314 

Expansion 
Pressure 

(psi) 

0.79 

0.00 

0.52 

Moisture 
(%) 

11.1 

12.9 

12.0 

Pressure 
(psi) @ 
160 psi 

35 

109 

70 

Density 
(pcf) 

122.2 

119.5 

121.0 

Test 
NO. 

1 

2 

3 

Compaction 
Pressure (psi) 

250 

120 

200 



ACTA Heim Bridge Replacement 

06-1 23-03 

Earth Mechanics, Inc. 
09-230-008B 

1211 412009 

A-09-1 09 

Clayey sand (SC), dark brown 

Project Name: ACTA Heim Bridge Replacement 
314-inch Sieve 

R-VALUE TEST RESULTS 



800 700 600 500 400 300 200 

Exudation Pressure (psi) 

Test Name and Method: 
Boring No: A-09-1 I 0  Resistance R-Value and Expansion Pressure - Cal Test 301 

Sample Type: 
Sample Description: Silty sand (SM) 
Test Date: 1211 1 109 GEOTECHNOLOG Client: Earth Mechanics, Inc. 

ect No: 06-1 23-03 

R-VALUE TEST REPORT 

R-Value 
Correction 

72 

60 

79 

Exudation 
Pressure 

(psi) 

458 

107 

786 

R- 
Value 

72 

60 

79 

Horizontal 

(psi) @ 
160 psi 

31 

42 

25 

Expansion 
Pressure 

(psi) 

0.00 

0.00 

0.39 

Sample 
Height 

(in) 

2.55 

2.50 

2.50 

Test 
No. 

I 

2 

3 

Density 
(pcf) 

125.0 

123.8 

126.2 

Compaction 
Pressure (psi) 

350 

250 

350 

Moisture 
m) 
9.3 

10.1 

8.4 



06-1 23-03 

Earth Mechanics, Inc. 

09-230-008B 

1211 112009 

A-09-1 10 

Silty sand (SM), brown with some gravel 

ENVIRONMENTAL Project Name: ACTA Heim Bridge Replacement 

314-inch Sieve GEOTECHNOLOGY Client: Earth Mechanics, Inc. 

R-VALUE TEST RESULTS 
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17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 



Schuyler Heim Bridge Replacement Project 
Site-Specific Ground Motion Study – ARS Comparison 

February 8, 2010 
Page 2 

 

 
17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 17.3 in

Min= -16.2 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 5 - FN

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 24 in/s

Min= -33.7 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.51 g

Min= -0.34 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Schuyler Heim Bridge Firm-ground Reference Time History; Set 6 - FP
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 



APPENDIX E. REVIEW COMMENTS AND RESPONSES 



Rc: MSE Wall BDA Section 

Subject: Re: MSE Wall BDA Sectioil 
From: Seungwoon Hail <seungwoon - l~an@dot.ca.gov> 
Date: Mon, 12 Apr 2010 12:09:05 -0400 
To: Arid Arulmoli <asiili~~oli@eai.tl~~~ecl~.com> 
CC: Eric Brown <e.bsowl@eartl-~n~ecl~.coi~~>, "Haitao-Liu@dot.ca.gov" <Haitao Liu@doi.ca.gov>, 
Pal Wilson <P. Wilsoi~@eaitl~mecl~.coi~~>, Ranjan Gui~al-anjai~ <ra i~j rn@ea. t l~ i~~ec~.coi~~>,  Dell-Jeng 
Jang <dell-jeilgj mg@dot.ca.gov> 

Arul, 

As we discussed over the phone, I summarized our comments below. Please note that all comments 
below, and our previous comments on the bridges are applicable to all the wall reports. Also, I removed 
some of comments that we resolved during discussion. If you have any questions, Please contact us. 

Comments on retaining wall reports 

1. Please revisit idealized soil profile and parameters, and revise them if necessary. Especially when 
global slope and external stability is considered, a failure tend to develop through a weak layer, which 
should be considered in the design. Therefore, layers with averaged parameters may not represent the 
weak layers. Also confirm undrained residual strength of liquefiable layers. 

2. Please provide stability analysis for each phase construction if strength increase is considered with 
phase construction. 

3. Please check allowable static long-term and short-term settlement, and seismic induced settlement 
with the Structure. Especially, caltrans standard cantilever walls may not carry the settlement estimated 
in the report. Also, when calculating bearing capacity of the standard wall, settlement should be 
considered since settlement will control the footing design for most sandy soils. 

4. Backfill material and soil corrosivity requirement should conform to our standard special provision 
(SSP) for MSE wall. The requirement in SSP is more stringent than that in BDS. 

5. Please provide a table showing bearing capacity FOS and minimum strap length to meet external 
stability, global stability and settlement. 

6. Structural backfill is assumed to have a friction angie of 34 degree with zero cohesion, and 
compacted to a minimum 95 percent. 

7. For Wall A l ,  please check inputs regarding a spreadsheet, "Stress at Various Points Below an Earth 
Embankment." The Inputs for embankment geometry is not consistent with real embankment geometry. 

8. Please verify bearing pressure of MSE wall. Caltran will also check BDA provided by EM1 

9.For Wall H I ,  end bearing of ClDH pile for retaining wall should be limited to consider potential defect 
at the pile bottom during construction. Also, ClDH pile construction should comply to Caltrans SSP. 
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0 AGREE PMTLY SEENOTED EXCEPTION5 
? FIIWRRFF RFABOffiARENOlEO 
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D COIMENT HAS BEEN SUPERCEDED BY DESIGN DNELDPhIENT Page 1 of 3 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. 

Tab: Walls 65% PS&E 

Reviewed By: COMMENTS 

Please revisit idealized soil profile and parameters, and revise them if 
necessaiy. Especially when global slope and external stability is 
considered, a failure tend to develop through a weak layer, which should be 
considered in the design. Therefore, layers with averaged parameters may 
not represent the weak layers. Also confirm undrained residual strength of 
liquefiable layers. 

RESPONSE BY: 

Patrick Wilson 
(PW). 

Eric Brown (EB). 
K. Aml Arulmoli 
(KA). Kandiah 

Pratheepan (KP) 

ACTION 
REQ'D 

A 

RESPONSE 

I. Wall A i .  The residual shear strength for the liquefiable 
material between El. -5 ft and -22 ft was revised to be 
700 psf consistent with the lowest NI(6O-CS) blowcount 
in that layer; 13 bpf for R-09-0381 D-4. Revised global 
stability analysis indicates a pseudo-static factor of 
safety greater than 1.1, meeting Caltrans requirements. 
Revised global stability calculations are attached. 

II. Wall C1. The residual shear strength for the 
liquefiable material between El. -1 1 ft and -25 fl was 
discretized into two layers (1) the material between El. - 
11 ft to -20 ft revised to be 1200 psf consistent with the 
lowest Ni(60-CS) blowcount in that layer of 24 bpf for R. 
09.00915-4 and (2) material between El. -20 ft to -25 fl 
revised to be 600 psf consistent with the lowest Nl(60- 
CS) blowcount in that layerof 10 bpf for sample R-09- 
01 11s-5. Revised global stability calculations are 
attached. 

Ill. Walls EllE2. The critical layer in the global stability 
analysis is the material between El. -5 ft and -17 ft and 
is modeled as 600 psf, which is supported by triaxial 
test results performed on three different samples; R-09- 
033111-4, R-09-0341U-3 and R-09-0351U-3. 

IV. Walls GllG2. The idealized soil profile beneath walls 
GilG2 has been revised. The critical revision was the 
reduction of the undrained shear strength in the layer 
from -6 to -23 ft to 650 psf, which was verified as the 
most conservative strength in that layer, according to 
the lab test data. 

V. Wall Hi. The undrained shear strength of material 
between El. -5 ft and -30 fl was reduced from 750 psf to 
700 psf, which is supported by triaxial test results 
performed on samples R-09-0361U-5 and R-09-0371U-6. 

DATE 

STATUS 
(OPEN 1 
CLOSED) 
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MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E l  (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE 
Wall G I  (Bridgle No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H I  (Bridge No. 53-XXXX) 
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E OUESTIONONLY ANSWERTHEOUESTION 
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CURRENT 
STATUS 
(OPEN I 
CLOSED) 

Tab: Walls 65% PSRE 

COMMENTS 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

PWIEB IKA  

P W I  EB I KA I KP 

PW I EB I KA I KP 

PW I EB I KP 

FORM 

Caltrans District 7 
Geotechnical Design South - 2 

District-Co-Rte-PM: 

EA No.: 

DATE 

April 12. 2010 

ACTION 
REQ'D 

A 

A 

A 

A 

Milestone: 
Consultant: 

NO. 

2 

3 

4 

5 

SUBMITTAL REVIEW 

07-LA-47-PM (Varies) 
238501 

RESPONSE 

Will comply. Strength increase due to consolidation of 
fine grained layers was considered in the global stability 
analysis of MSE walls E1-E2 and MSE wall GI. Global 
stabiiity analysis for the temporary condition during 
constmction for these walls indicate a factor of safety 
greater than 1.25 for all wails. Global stability 
calculations for the temporary condition for these walls 
are attached. 
Will comply. Based upon our conversations with wall 
contractors, the allowable differential settlement for an 
MSE Wail is 1% along the wall length. Static and 
seismic settlement calculations indicate the anticipated 
differential settlements are within the tolerable limits for 
MSE walls. 

For retaining wall G2 (standard cantilever wall) the 
settlement analysis has been revised to account for the 
proposed staged constmction and indicates the 
anticipated static settlement beneath the proposed wall 
afterfooting construction is less than 4 inches with a 
maximum differential settlement of 2 inches along the 
wall length; which is considered within the tolerable 
limits of a Caltrans Standard Type 1 wall. The 
recommendations in the report have been revised to 
require that wall G2 should not be constucled until the 
settlment period for the embankment is complete (a 
temporary shoring wall will be required to retain the 
embankment during the settlement period). The revised 
settlement calculations are attached. 

The bearing capacity calculations for retaining wall G2 
have been revised according to the methodology 
proposed by Meyerhoff (1956) considering that the 
footing will be embedded in granular fill material 
compacted to 90% relative density. The revised bearing 

Will comply. The corrosion requirements for MSE 
backiill will be revised and are attached. 
Will comply. A table will be added lo the "Bearing 
Capacity" section that will list the FOS for bearing 
capacity and global stability for a range of strap lengths. 
A sample table for MSE Walls El-€2 is attached. 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. 

65% PSLE 
Earth Mechanics. 

Reviewed By: 

Inc. 

COMMENTS 

Please provide stability analysis for each phase construction if strength 
increase is considered with phase constmction. 

Please check allowable static long-term and short-term settlement, and 
seismic induced settlement with the Structure. Especially, caltrans standard 
cantilever walls may not carry the settlement estimated in the report. Also, 
when calculating bearing capacity of the standard wall, settlement should 
be considered since settlement will control the footing design for most 
sandy soils. 

Backfill material and soil corrosivity requirement should conform to our 
standard special provision (SSP) for MSE wall. The requirement in SSP is 
more stringent than that in BDS. 

Please provide a table showing bearing capacity FOS and minimum strap 
length to meet external stability, global stability and settlement. 
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STATUS 
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SUBMITTAL REVIEW COMMENTS FORM 

Tab: Walls 65% PS&E 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

PW I EB I KA I KP 

PW I EB I KA I KP 

PW 1 EB 1 KA 1 KP 

PW I EB I KA 

PW I EB I KA I KP 

P W I  E B I W  I K P  

PW EB KA KP 

Callrans District 7 
Geolechnical Design South - 2 

District-Co-Rte-PM: 

EA No.: 

DATE 

April 12, 2010 

07-LA-47-PM (Varies) 
238501 

Milestone: 
Consultant: 

NO. 

6 

7 

8 

9 

10 

11 

12 

ACTION 
REQ'D 

A 

A 

A 

A 

A 

A 

A 

65% PS&E 
Earth Mechanics, 

Reviewed By: 

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. RESPONSE 

Will comply. Idealized soil profiles and global stability 
analyses have been revised to reflect a 34 degreelzero 
cohesion material for structural backfill. 
Will comply. The stress calculations as part of the 
settlement analysis beneath MSE Wall A1 which now 
reflect the current geometry of the proposed 
embankment are attached. 
Will comply. Based upon our conversations with the 
designerj, the demand bearing pressures listed in the 
Caltrans BDA (2002) are suitable for use in determining 
demand bearing pressures for walls with a level bacMill 
and equivalent vehicle surcharge. 
Will comply. Axial capacity calculations have been 
revised to limit the end bearing to no more than 20% of 
the nominal resistance. Revised axial pile capacity 
calculations are attached. 

Also, the recommendations provided in Section 6.2 
"CIDH Pile Construction" have been confirmed to be in 
compliance with Caltrans SSP'S. 

Will comply. LOTB's have been revised to only show 
SPT blowcounts. 

Will comply. Settlement rate calculations have been 
revised to use the lowest consolidation coefficient 
determined from lab testing. Revised settlement 
calculations are attached. 
A section will be included to each report that addresses 
the settlment benath adjacent utilities. 

inc. 

COMMENTS 

Structural backfill is assumed to have a friction angle of 34 degree with zero 
cohesion, and compacted to a minimum 95 percent. 

For Wall AI, please check inputs regarding a spreadsheet, "Stress at 
Various Points Below an Earth Embankment." The Inputs for embankment 
geometry is not consistent with real embankment geometry. 

Please verify bearing pressure of MSE wall. Caltran will also check BDA 
provided by EMI. 

For Wall HI ,  end bearing of ClDH pile for retaining wall should be limited to 
consider potential defect at the pile bottom during const~clion. Also, ClDH 
pile construction should comply lo Caltrans SSP. 
From Review of Bridge Foundation Reports - Log of Test Borings. 
Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs. 

From Review of Bridge Foundation Reports - Consolidation Coefficient (CV) 
is a function of the effective overburden and pre-consolidation stress for a 
given soil. Please present the correlation curve between consolidation 
coefficient and applied vertical pressure, and select the lowest coefficient, or 
the coefficient value under the actual effective overburden by the end of 
construction for the settlement evaluation. 

Settlement of adjacent utilities. 
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Alameda Corridor Transportation Authority 
One Civic Plaza, Suite 350 
Carson, California 90745 

Attention: Mr. Lucien Hersh, P.E. 
Project Manager 

S-&j eci: VL- I V- - .-- J -L. -- n -- r milt r uuniactturc ~ e ' y u r ~  
Retailzing Wall El,  Wall No. 53E0149 
Retaining Wall E2, Wall No. 53E0150 
Mechanically Stnbilized Eartlz (MSE) Walls 
Los Aizgeles County, California, (7-LA-47, PM 0.10, EA 238501) 

Dear Mr. Hersh: 

Attached is our Final Foundation Report for the subject retaining walls. Tlzis report presents the 
findings and conclusions of our geotechnical investigation as well as analyses results and 
reconlmendations for design and construction of the subject retaining walls. 

The Foundation Report for the subject walls, dated February 10, 2010, was submitted to 
Caltrans. The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed tlie report and 
provided their comments on April 12, 2010. EM1 developed responses to the OGDS-1 review 
comments and submitted them on May 4, 2010. OGDS-1 review comments and EM1 responses 
are included in Appendix E. The responses to these review comments have been incorporated 
into this Final Foundation Report. We appreciate the opportunity to provide geotechnical 
seivices for this project. If you have any questions please call us. 

Sincerely, 
EARTH R/LECHANICS. INC. 

Patrick Wilson, PhD Eric Brown, GE 
Staff Engineer 

( A d )  K. Arulmoli, PhD, GE 
Project Manager 

Senior Engineer 

17660 Newhope Street, Suite E, Fouiltaiii Valley, California 92708 Tel: (7 14) 75 1-3826 Fax: (7 14) 75 1-3928 
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1.0 INTRODUCTION 

1.1 Purpose Scope of Work 

This Foundation Report presents the findings and conclusions of a geoteclmical illvestigatioll 
conducted by Earth Mechanics, Inc. (EMI) for the proposed Retaining Wall E l  and E2 in Los 
Angeles Coulity, California. Tlie report has bee11 prepared in general accordance with Caltrans 
Guidelines for Foundation Investigation and Reports (Caltrans, 2006e). It presents results of our 
foundation analyses and provides design and construction recolmnendations to assist the bridge 
designers in preparing the project Plans, Specifications, and Estimates (PS&E) for the project. 

The geoteclu~ical services provided for this project included the following taslts: 

e Collection and review of existing geoteclmical infolmation; 
0 Field exploration consjsting of drilling, sampling and logging exploratory borings; 
0 Laboratory testing of selected bulk and relatively ulndisturbed soil samples; 
0 Engineering analysis to develop fbundation design and construction recommendations; 
e Preparation of this report presenting our findings, conclusions, and reconunendations. 

1.2 Project Description 

The Schuyler Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a 
joint partnership between Caltrans and the Alanieda Corridor Transportation Authority (ACTA). 
?'he pro-ject proposes to replace the seislnically deficient Schrlyler Heiln Bridge over Cerritos 
Cliannel and add a four-lane elevated roadway coilnection to Alameda Street that will bypass 
three signalized intersections and five at-grade railroad crossings. Tlie location of the project is 
s h i m  in Figure 1. 

Tlie proposed Schuyler Heiln Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge with a11 elevated profile to provide a minimuln vertical clearance of 
47 ft in the Ceuitos Cha~uiel and maintain a navigable width of 180 ft witliin the channel. Tlie 
proposed bridge replacelllent project includes bridge structures along the southbound exit ramps 
arld northbcund entrance ramps at New Dock Street and State Route-1 03 (SR- 103). This report is 
prepared for proposed Retaining Wall E l  and E2 located on tlie west and east side, respectively, 
of the approach ea~barrltment for the SR-103 Off-Ramp (Figure 2). 

Retaining Wall E l ,  located along the western edge of the SR-103 Off-Ramp approach 
embanlunent between Sta. 426i-06 a116 Sta. 428-t35 ("En Line), will be approximately 230 ft 
long with retained heights varying from 24 ft at the soulthem end of the wall to 1 6  ft  at tlie 
northern end of the wall where it terminates at tlie southern end of Retaining Wall G2. 
Reconlmendations for Retaining Wall G2 and the SR-103 Off-Ramp bridge are provided in 
separate foundation reports prepared by EM1 (201 Oa, 2010b). Retaining Wall E2, located along 
the eastern rdge of the SR-103 Off-Ramp apprc)ach embanlanent between Sta. 426106 and Sta" 



429t 95 ("Em Line), will be approxiinately 475 ft long with retained heights varying from 22 ft at 
the southeill end of the wall to 4 it at the noi-thern end of the wall. Both walls are proposed to be 
inecl~anically stabilized embankment (MSE) walls. 

1.3 Limitations 

This report is intended for use by Alaineda Coi~idor Transpoi-tation Authority (ACTA), its 
design team members and the Califoinia Departinent of Transpol-tation (Caltrans) for the 
proposed Retaining Wall E l  and E2. This repoi-t is based 011 the project as described herein and 
the inforination obtained fro111 the exploratory borings at the approximate locations indicated on 
the attached plans The findings and recoiluneildaljoils contained in lllis repoi-t are based on the . . 
residts of the field inv~t iga t~nn ,  laboratnry tests, Z I I ~  engineering ~nalyses. Alsn, soils and 
subsurface conditioils encountered in the exploratoly borings are presumed to be representative 
of tl1e project site; however, subsurface coilditions and cl~aracteristics of soils between 
exploratory borings can vary. Findings reflect an interpretation of the direct evidence obtained. 
Recoimnendations presented herein are based on the ass~linption that an appropriate level of 
quality coiltrol and quality assurance (inspections and tests) will be provided during consti-uction. 
EM1 should be notified of any pertinent charlges in the project plans or if subs~uface conditions 
are found to vary from those described herein. Modifications to the project plans or variatioils in 
subsurface conditions may require re-evaluation of the recoimendatioils coiltained in this report. 

'l'he data, opinions, and recoimnendations contained herein are applicable to the specific design 
eleineilts and locations which are the subject of this report. Data, opinions, and recoinrnendatiolls 
herein have no applicability to any other design elements or to any other locations, and any and 
a!l subsequent users accept any and all liability resulting from any use or reuse of the data, 
opinjorls, and recoinmendations without the prior written consent of EMI. 

EM1 is nor responsible for construction means, methods, techniques, sequences, or procedures, 
or for safety precailtions or programs in connection with the construction, for the acts or 
ornjssiocs of the Contractor, or any other person performing any of the construction, or for the 
failure of ally wol-lter to cairy out the construction in accordance with the Final construction 
drawings and specifications. 

Sewices performed by EMJ were conducted in a inanner consistent with that level o f  care and 
skill ordinarily exercised by members of the profession currently practicing in the same locality 
ilnder similar conditions. No other representation, expressed or iilllAied, and no warranty or 
guarantee is included or &ended. 
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING 

2.1 Existing Information 

Existing subsurface inforlnation sun-ounding the Scl~uyler Heim Bridge is available fro111 reports 
prepared by LKR Groulp, Inc. (LI(R, 1998), MAA Engineering Consultants, Inc. (MAA, 1993) 
and Diaz-Yourman and Associates (DYA, 2000) for seismic retrofit of the existing Scliuyler 
Heiln Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade 
Separation Project, respectively. Froln these three sources, the nearest boring to Retaining Wall 
E l  and E2 is shown on tlie as-built Logs-of-Test-Boring (LOTB) sheets prepared by LKR for the 
seismic retrofit of the Schuyler Heim Bridge and is approxinlately 600 fi south of the soilthe111 
end of the proposed waii pair. 

2.2 Supplemental Field Exploration 

A geotechcal  field investigation was conducted by EM1 for the entire project between October 
and November, 2009 which included a total of eight hollow-stem auger borings, 42 rotary wash 
borings and 38 CPT soundings. Of that exploration program, three rotary wash borings, two 
hollow-stem auger boriiigs and two CPT soundings were performed in the vicinity of Retaining 
Wall E l  2nd E2. 'The purpose of the explorations was to log subsurface conditions and collect 
soil samples from locations near the proposed walls. Soil exploratioli information is sunllnarized 
in Table I .  Approximate locations of the exploratioils perfolliled by EM1 for this project are 
shown or, Figure 3 and on the LOTB sheets included at tlie erld of this report. Upon completion, 
the exploratior; iocations were surveyed by Wagner Engineering & Survey, Inc. (WES) under a 
subcontract with EMI. 

2.2.1 Soil Bsrings 

'rlie b~rings and CPT soundings surrounding the proposed retaining wall pair were performed at 
grade 011 tile shoulder of the existing SR-103lSR47 ramps. Tlie deepest boring penetrated down 
to about elevation -149 ft, approximately 150 ft below ground surface. 

Rotary bo~ings were perfomled by C&L Drilling Co. (C&L) and SoCal Drilling Co. (SoCal), 
under a subcorltract with EMI, using a truck-mounted drill rig equipped with 5-in diameter tri- 
cone drill bit and a mud-rotary circulation drill system. Auger borings were performed by 2R 
TSrilling Co. (2R), under a subcontract with EMI, using a truck-mounted hollow-stem auger drill 
rig zquipped with 8-inch diameter augers. Subsurface soils and conditions were logged and 
samples of soils were collected for laboratory testing. Large bulk samples of near-surface soils 
were logged and collected. Smalier soil san-~ples were collected from borings generally at 5 A 
vertical intervals by means of split-spoon drive sampiers; the Standard Penetration Test (SPT) 
sampler and the Modified California Drive (MCD) sampler were used to collect small disturbed 
and relatively undisturbed samples, respectively. The MCD is a split-bane1 sampler with a 
tapered cutting tip and lined with a series of 1 inch tall brass rings. The SPT sampler (1.4 inch 
ID) and .MCD sanpler (2.4 inch lD, 3.25 inch OD) were driven using a 140 pound hamlner 
falling 36 inches dowr, a iota! depth of 18 inches or until refusal. The blowcounts fol the  last ft of 
penetration were recorded on the boring logs 
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As part of the field investigation, SPT hammer energy ineasureinents were perfoimed by 
EarthSpectives (ES) under a subcontract with EMI. Based on those measurements, the average 
hammer efficiency was 62 percent in the borings performed by C&L, and 79 percent in the 
borings perfoilned by SoCal and 80 percent in the borings performed by 2R. A copy of the ES 
repoi-t is provided in Appendix B. 

Boring geopl~ysical ineasurements were also collected by GeoVision under a subcoiltract with 
EM1 in six uncased borings as part of the project. Compression (P) and shear (S) wave velocities 
were measured along the entire boring depth at the six selected boring locations. A copy of the 
GeoVision repoi-t is provided in Appendix C. 

TABLE 1. SOIL EXPLORATION INFORMATION 

Approx. Approx. Bottom of 
Approx. Approx. Approx. Boring Line GWE Boring Elevation Method 
Station Offset (ft) GSE (ft) 

(ft) (ft) 

~-09-035(' "Em 428+42.7 38.1 Lt +2.1 -11.9 -74.4 RW 
- . . -- ...................... ..... ....- .....- 

A-09-056(') L i n ~ 2 7 + 1 5 . 6  36.3 Rt -1-0.2, -11.0 -36.3 HS A 

Notes. 1. Eoring peiybrined by C&L. Drilling CO. 
2. Boringperfonned bji SoCalDrilliiig Co. 
3.Boringperforined by 2R Drillii7g Co. 
4. G WE = Grozlnd~~ater El~vation. 
5. GSE = Groz1i7d Sul;face Elevation (estii71atedf;-oin topogruphicplans). 
6. Top of Borii~g Elevation Based ow NA VD88. 
7. R W = Rotaiy Waslz, HSA = Hollo~v Stein Azcgel; CPT = Cone Pei~etratioi~ Test. 
8. NR = Not Rerorced. 

2.2.2 CPT Soundings 

The CPT soundings were also performed at grade in the undeveloped area near or beneath t l ~ e  
cxjstix~g New Pocl< Street on-ramp structure, east of the main bridge structure. The  deepest 
sounding was advailced dowil to elevation - 102.7 fi, approximately 103.5 ft below ground 
surface. 

Cone Penetration Tesl (CPT) soundings were performed by Middle E.arth Geo Testing, Inc. 
(Middle Earth) under a subcontract wit11 EMI, using an electronic cone penetrometer in  general 
accordance with the current ASTM Standards (AS'TM D5778 and ASTM 03441). T l ~ c  CPT 
equipment consisted af a cone penetrometer assembly rnounted at the end of a series of hollow 
sounding rods, The conz penetrometer assembly consisted of a colljcal tip with a 60' apex angle 



and a projected cross sectional area of 1.55 in' (10 cm') and a cylindrical friction sleeve with a 
surface area of 23.25 in' (150 cm2). The interior of the cone penetronleter is inst~xmented wit11 
strain gauges that allow sin~ultaneous ineasurenlents of cone tip and friction sleeve resistance 
during penetration. 'The cone penetrometer assenlbly is continuously pushed into the soil by a set 
of hydraulic rams at a standard rate of 0.79 inch per second (20 lnnl per second) while the cone 
tip resistance and sleeve friction resistance are recorded every 1.967 inches (50 nun) and stored 
in digital form. A specially designed all wheel drive 25-ton truck provides the required reaction 
weight for pushing the cone asseinbly and is also used to transport and l~ouse the test equipment. 
rile computer generated graphical logs include cone resistance, friction resistance, and friction 
ratio. Soil behavior type interpretations are based on guidelines by Robertson and Campanella 
(1989). 

2.3 Laboratory Testing 

Laboratory tests were performed to determine relevant physical characteristics and engineering 
properties of the in-situ soils at the site. Selected soil sainples were tested to detennine soil type 
and otlier physical and engineering properties. A list of tests perfoimed, the corresponding test 
methods, and purpose of testing is preseilted in Table 2. 

The laboratory soil tests were conducted in general accordance with California Test (CT) 
methods or American Society for Testing and Materials (ASTM) standards. The distrib~~tion of 
laboratory tests is shown on the LOTB sheets at the end of the repoi-t and test results are given in 
Appendix C. 

TABLE 2. EXPLANATION OF LABORATORY TESTS PERFORMED i 

/ Applicable Test I / Typeof Test I 
Method i 

Purpose 

! Dry Density i ASTM D 2937 ) Estimate in-situ dry soil density 
C i ................ : 1 

I Moisture Content I ASTM D 2216 / Estimate in-situ soil moisture content 1 

I No. 200 Wash ( ASTM D 1140 1 Determine the uercentarre of fine-grained particles of soil 1 
' Sieve Analysis & ' I ASTM D 422 / Determine particle size distribution of soil 

I 

Hydrometer .. i j 
i 
a 

I Atterberg Limits .. j ASTM D 43 18 1 Determine plasticity of fine-grained soil 
. .  --i 

I Specific Gravity j ASTM D 854 / Determine specific gravity ......... of soil grains 
8- . - .... 1 

I Conscllidation ASTM D 2435 / Determine comoressibililv of fine-~rained soil f 

UU l'riaxial ASTM D 2850 / Estimate strength parameters of fine-grained soil ............... i + ---+ 1 

C'T' 216 Compaction / Determine rnaximunl density and ovtimum moisture of soil 
1 CT 301 R-Value I Determine R-value of soil 

I Soil pH CT 643 ; Determine pH of soil for corrosion potential evaluation ............. .......-... ...... . .................................... i i--._ .̂-! iii~i~.-.i.iiii.. i 

CT 643 i Minilnum Resistivity / / Detelmine resistivity of soil for corrosion potential evaluation 
I Sulfate Content I CT 417 / Determine sulfate in soil for con-osion uotential evaluation 

CT 422 I Chloride Content / / Determine chlol.ide in soil for C O I T O S ~ O ~  potential evaluation ! 

,Votes: 1. ASTM = Amerrcan Society for Testing and Adate!-ials. 
2. CT = C~llifofo,.~lia Test Method. 
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3.0 GEOLOGY 

3.1 Physiography 

The Schuyler Heim Bridge spans the Cel~itos Channel in the Pol? of Long Beach. Like most of 
the shipping channels withill the pol?, the Cel-ritos chanl~el is a man-made chalu~el that was 
dredged into the fol-rner Wilmington Lagoon whicl~ was a coastal marsllland with abundant tidal 
channels, estuaries, and small marshy islands. The site area is in the coastal area of San Pedro 
Bay within Los Angeles Basill (Figme 4). Los Angeles Basin is a large low-lying coastal plain 
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the 
northeast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the ~ 0 ~ 1 t h  (Figure 
4). The western margin of the basin is open to the Pacific Ocean except for one prominent hill, 
the Palos Verdes Hills wllicl~ is a peninsula separating Santa Monica Bay on the north from San 
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone 
(Schell, 2007). 

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along 
the coastline to the surrounding mountains which then rise abruptly to a few tl~ousand feet above 
t'he plain. The margins of the hills and lnountains surrounding the basin are convnonly elevated 
somewllat above the general level of these major plains by an apron of uplifted sedin~ellts such as 
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills. 

The flat basin floor of the Los Angeles basin is intenupted in a few localities by small hills such 
as the llorthwesterly alignlnent of ld ls  and mesas called the Newport-Inglewood Structulral 
Zone-NISZ (Figure 4). The NISZ extends from the Newport Bay area on the south to the Beverly 
Hills area on the north, and is a result of geologically recent folding and earthquake fault 
displacements. The NISZ divides the basin floor into two major plains, The Downey-Tustin 
Plain on the northeast and the Toi-rance plain (including the Long Beach Plain) on the southwest. 
The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5). 

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers. 
These rivers enter the basin through valleys or canyons in the surrounding lnountains such as Los 
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin 
floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all minor 
tributaries in the Basin are confined within concrete-or rip-rap-lined cl~a~mels but in the natural 
slate they meandered back and forth across the Basin floor, commonly shifting outlets. For 
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay tlrougl~ 
Ballona gap and the San Gabriel River flowed into Wilmington Lagoon which is now occupied 
by the Port of Los Angeles. ,4t present, the Los Angeles River flows to the Port of Long Beach- 
Los Angeles area. 

The floor of the Los Angeles Basin is directly underlain by ~mconsolidated Quaternary-age sandy 
sediments. These generally can be subdivided into loose unconsolidated Holocene-age sedilnents 
which cover the bulk of the basin, and the underlying Pleistocene-age materials of the Laltewood 
and San Pedro formations which are only exposed in some of the uplifis of the NISZ and the 
lnarginal plains. Hard rocks occur only in the mountains sul-rounding the basin and at depths 
ranging from a few thousand feet to as muc11 as 30,000 feet in the deepest part of the central Los 
Angeles Basin. 



Except for the Newpol-t-Inglewood and the Palos Verdes fault zones, nlost surface geological 
faults such as the Santa Monica, Hollywood, and Whittier faults occur along the basin ~nargins 
(Figure 4). In Addition to these lu~own surface faults, the Los Angeles region is underlain by 
buried tluust and reverse faults. These are poorly understood features with poorly laown 
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which 
make up the Puente Hills blind tluust fault system, are examples (Fig~u-e 4). However, any large 
eal-thqualtes associated with these subsurface featmes are most likely to originate at great depths 
(e.g. about 10 to 12 miles), and thus these should not inlpact the subject site significantly more 
than similar-sized earthquakes on the nearer Newpoi-t Inglewood or Palos Verdes f a ~ ~ l t s .  T l ~ e  
1987 Wllittier earthquake occull-ed on one of these subsurface faults (either the Santa F e  Springs 
or the Coyote Hills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel 
Valley northeast of the site. The 1994 Nortluidge eal-tl~qualte occurred on a so~ltherly dipping 
bmied fault below the San Fernando Valley. 

3.2 Stratigraphy 

The project area is underlain by a sequence of geologic strata consistent with the general 
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart 
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles 
area. Review of the borehole logs drilled for this project, along with existing boring logs from 
other geoteclmical studies and from published sources (e.g. Zielbauer, et al., 1962; Wright 1991; 
1J.S. Geological Survey, 2007; Schell, 2007), indicates simila strata. 

The uppermost deposits of most significance to the project were deposited during the last ice age 
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise i n  sea level 
was not constant but comprised several fluctuations. Interaction between the fluctuating sea level 
and sedimentary deposition from inland streams resulted in a complex association o f  irregular 
and discontinuous beds and lenses of marine and non-marine sedimentary strata. The major 
stratigraphic units underlying the project corridor are sulnmarized below: 

1) The surficial strata consist of sandy alluviuln deposited by streams of the Los Angeles 
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along 
the coast during the past few thousand years (- past 5,000 to 7,000 years). These are 
about 20 to 30 feet thick. 

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays 
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits 
occur at depths of abour 25 +5 to 70 +10 feet and represent primarily marine sediments 
deposited during the later stages of the most recent rise in sea level that began about 
15,000 to 20,000 years ago. However, these deposits commonly contain sand and fine 
gravel lenses deposited by seasonal river flooding during intennittent wetter periods and 
storms inland. 

3) These are underlain by the Gaspur Fornlation which is coarser grained sand and gravel 
material deposited in a relict charnel of the Los Angeles River that was c ~ ~ t  when sea 
level was lower during the last ice age. As the climate warmed, sea level rose duc to 
melting ice at the Polar ice caps and the shore line retreated inland. The Gaspur is about 
70 rtl@ feet to about I90 feet deep and corlsists of an upper primarily sandy unit and a 



deeper coarser sand and gravel unit. The gravels of the Gaspur cl~axlel extend far iillalzd 
and colnprise a major aquifer in the Los Angeles area. 

4) The Gaspur channel was cut into older. Pleistocene material of the Lakewood Folmation 
whicll is about 160 to 300 thousand years old. The Lakewood is partially marine and 
partially non marine that was deposited during previous Pleistocene ice ages. L,altewood 
sedilneilts were intermittently exposed to smficial weathering resulting in desiccation, 
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to 
about 250-300 feet deep and overlies the Pleistocene-age, marine Sm Pedro Forillation. 

5 j  The Sail Pedro Forlllation extends to about 1100 k50 feet depth and comprises gently 
tilted marine silts and sands overlying the folded Tertiary-age marine deposits (Pico, 
Repetto, Fernando forn~ations), and the ancient igneous and meta~noi-pllic basement rocks 
at a depth of about 10,000 fee!. 

TABLE 3. STRATIGRAPHY AND COPIRIF-,LATION CHART, LONG BEACH AREA 

Zielbauer 
CA Dept. of 

Geologic Sequence Formation Age Estimate and others 
Water  

Series (USGS, 2007) 
(1962) 

Resources 
(1961) 

DuneIBeach Sand. 
Coastal Marsh, 

Ilolocene Transgressive Marine, Dominguez <15 lta Gaspur Gaspur 
Stream 

Alluvium 

Latest Pleistocene 
Mesa 

(-30-80 ka) Older Dllne Sand, 
Sh eani Alluvium, Near- Early 0 stage 5 

Upper Pacific 
shore Marine, . ---- -. - -- -- (1 - 10-130 - lta) 200 ft  sand Gage 

Pleistocene Laltewood Fm (Ma1 ine Constrained between 
and Non Marine) Harbor 0 stage 5 and 9 

!- 1 60-3 00 lta) 

0 stage 9-1 1 
Bent Spring (-300-450 ka) 

400 ft  gravel Lynwood 
Upper 0 stage 12-14 

Lower 0 stage 15-17+ 

Lower Wilinington (-580-1780 ka) 
Sail Pedro Fonnation 

Pleistocene -2.0 Ma or >2.6 Ma Upper 
from magnetic Silverado 

Pliacene A polariv and S ilverado 
paleontology 

.. . - - ... - -. . 
-2.0 Ma or >2.6 Ma 

from magnetic Lower 
Pliocene B 

polarity and Silverado 

-- paleontology 

>2.6 Ma from 
Upper PicoIFen~ando Pliocene C magnetic polarity and Pico Pico 

Pliocene Formation 
paleorltology -- -- 



Units 1 though 3 were penetrated by many of the deeper on-land borings drilled for this 
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand salnples are from 
the Gaspur Fonnation. The over-water borings generally penetrated deeper and extended througl~ 
the Gaspur into the upper part of the Lakewood Forination. Other units of the stratigraphic 
succession (e.g. the Mesa and Pacific parts of the Laltewood For~nation) are present in areas 
adjacent to the project area but were eroded away by the erosion that accompanied deposition of 
the Gaspur sediments and therefore are not in~pol-tant to the project. Liltewise, the Sail Pedro 
fo~~nation is deep below the site and is not impol-tanl to the project. 

3.3 Geologic Structure 

The regional genlogiral struct-ure was i~ l t rod~red above ill the geological Setting. The project 
area is near the crest of the Wilinington Anticline (Figure 5) wllich is a west-nol-tl~west trending 
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late 
P1eistocen.e strata (Lakewood Foilnation) fonn a thin veneer across the Wilmington fold and 
appear to be unaffected by the deeper folding and faulting. 

There are no known active faults at the project site. The nearest major active faults are the Palos 
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the nol-theast 
(Figures 5 and 6). The Tllums-Huntington Beach fault is deep below the surface (Figure 6). This 
fault is a thrust f a ~ l t  dipping nol-theasterly at about 25-35 degrees. Some geoscientists suspect the 
fault is a potentially active blind t h s t  fault but high-resolution geopllysical data clearly show 
the fault does not displace sediments younger than 3 or 4 million years old (Schell, 2007). 
Furtliennore, the fault displacement diminishes toward the northwest and is virtually nil under 
the praject area (Figures 5 and 6). 

3.4 Seismicity 

The project site is In seismically active southein California. The present-day seismotectonic 
stress fieid in the Los Angeles region is one of north-northeasterly compression. This i s  indicated 
by the geologic structures, by earthquake focal-mechanism solutions, and by geodetic 
measureme~ts. These data suggest crustal shortening of between 5 and 9 rnmlyr across the 
greater Los Angeles area (Argus et al., 1999). 

Historical earthquake epicenter maps show widespread seismicity throughout the region. The 
larger earthquakes are shoun on Figure 7. Earthquakes in the region occur primarily as loose 
clusters along the Newport-Inglewood Str~lctural Zone, alollg the southern margin o f  the Santa 
Monica Mountains, along the northern side of the San Fernando Valley, the southern margin of 
the San Gabriel Mountains, and in the Coyote Hills-Puente Hills area. Although historical 
earthquaices have occurred in proximity to lalown faults, they are often difficult t o  directly 
associate wit11 mapped faults ullless there was a surface rupture or a robust sequence of 
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be 
col-related with known faults. Part of the correlation difficulty is due to the fact that the basin is 
underlain by the subsurface blind thrust faults that are not liltely to be discovered until they 
rupture during an earthquake 



The largest historical earthqualtes in the region were the 1994 Nol-tlxidge and the 1971 San 
Fe~nando earthqualte both of which occurred north of the Los Angeles Basin (Figure 7). The 
1994 earthcjualte had a ~nonlent magnitude (MW) of about 6.7 (MS = 6.8, MI, = 6.41, and 
occurred on a southerly dipping subsurface fault wllicll was unknown prior to the ea~-tliqualte. 
The ixain shocl< occurred at a depth of about 12 miles below the coimnunity of Reseda in the San 
Fenlando Valley. Eal-tllqualte aftershocks clearly defined the rupture surface dipping about 35 
degrees southerly frorn a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The 
causative fault was never identified with cei-tainty, but it may have been on the eastern extension 
of the Oakridge fault (Yeats and Huftile, 1995), a soutlzerly dipping fault bounding the Ventura 
Basin and dipping under the Santa Susana Mountains. 

The 1971 San Fe~nando earthqualte was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the 
1994 event but did involve surface rupture. The 1971 event occurred on a noi-tlierly dipping 
thrust fault that dips from the northern side of the San Felnando Valley to a depth of  about 9 
miles under the San Gabriel Mountains. Several mapped smface faults such as the Sylillar f a ~ ~ l t ,  
Tujunga fault, and Lakeview fault were involved. These faults are co~llmonly considered to be 
part of the Sierra Madre fault system which extends easterly along the soutl~ern ~nargin of the 
San Gabriel Mo~mtains from the San Fernando Valley to the north side of the San Gabriel 
Valley, and to the Cuca~nonga fa~111 in the San Bernardino area. 

r 7 I lle largest historicai earthqi~alte in the Los Angeles region to have a major inlpact on the site 
area was the 1933 Iang  Beach eveill which had a magnitude of about MW = 6.4 (ML = 6.3). 
This earthquake did not rupture the surface but is believed to have been associated wit11 the 
IVewport-Inglewood Structural Zone beca~~se of the distributio~l of aftershocks and the 
abundai~ce of ground disturbances in proximity to tlle fatllt zone (Figure 7). Although ground 
failures were abundant alollg l l ~ e  NISZ trend, no unequivocal surface rupture was identified 
(Benioif, 1938). Reevaluation of the seismicity data by Hauksson and Gross (1991) led to 
relocat~on of the 1933 earthquake hypocenter to a depth of a b o ~ ~ t  6 miles below the Huntington 
Beach-Xewport Beacll city boundary. 

The I987 Whittier earthqualte (ML = 5.9, MW = 5.9) occurred on subsurface faults dipping 
under the Puente IIills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer, 
1999; Shaw et ai., 2002). This zone of faults is referred to as the Puente Hills blind thrust fault 
system (Figure 4). This event did not rupture the ground surface. 

Another significant earthquake in the Los Angeles region was the 1812 eartllqualte which caused 
damage at the San J ~ a n  Capistraco Mission. The location and magnitude of the 18 12 ea~-thqualte 
are unlcnown because of the sparse population at the time, but geological studies (Jacnby et al., 
1988; Weldon ec al., 2004) postulated that it did not occur in the Los Angeles Basin area, but 
rather, was a large (M, '.O) distant event on the Sali ( l d r e a s  fault in the Wriglltwood area of the 
Sail Gabriel Taountains. 

The earliest docunlel~ted earthquake in tlle region was reported by the Spanish Portola' 
expedition as they camped near the Sania ha River in 1769. This event has been attributed by 
-\rarious geoscientists to just about every fault in the Los Angeles area bul it could just as well 
have been a distant event that. shook a wide area as did the 1971 Szn Fernando, the 1987 
Whittier, and the 1994 No1-tl-~1-idge events. as well as many other more-distznt events (for 
example, the 1 8 12 or 1932 1,anders events). 



3.5 Geologic Hazards 

3.5.1 Surface Fault Rupture 

)\To surficial faults are laown at tlle site, therefore the poterltial for ground rupture due t o  faulting 
is negligible. The nearest major faults with a lu~owll potential for surhce ~uptulre are the 
Newport-Inglewood zone to the ilortheast and the Palos Verdes I-Iill fault to the soutllwest 
(Figures 4, 5, and 6). 

3.5.2 Subsidence 

The gl-oi~nd surface in rlie Long Reach Harbor area has undergone su'usrantial lowering during 
tile 20th centilry due to subsidence of the sediments and roclts underlying tlle area. Some of this 
sitbsidence ma'y have been due to natural causes (e.g. natural ground-water decline, sediment 
compaction, recionics, 1933 Long Beach eai-tl~qualte). Ha-ris (1 945) estimated natural subsidence 
of about half an inch per year. The principal cause of the subsidence has been attributed to 
withdrawal of oil and gas (Allen, 1984; Strellle, 1987), but ground-water extraction undoubtedly 
i-ontrib~ted, pedlaps 2 feet out or'tl~e 29 feet (7%). to the total subsidence. 

Subsidence acceiei;ittd with development of the Wilmington oil field in 1936. The area of 
su~bside~icz forms a clrcular or bowl-shaped area ceniercd on the northeast coiller of Terminal 
Island (Figwe $A!. The rnaxin~urn sul~sidencc in the center of the subsidence bowl i s  about 29 
feet. Subsidence along Lhc Heiin Bridge project corridor in the westell1 part of the subsidence 
buwl was about 1 4  feet (Figure 8A). The nlaximu~n rate of suibsidei~ce reached about 2.4 feet per 
year by 1951. The subsidence was so great that dikes had to be built within tlle harbor drea to 
preve~at flooditg by sea waicr. Some of the subsided areas behind the diltes have recently been 
fiiied bringing !be gromld surface back to above sea level (--J -t15 feet). 

Subsidence was aucsted bjr testoring pressure to the oil zones tlxough i~ljectioil of water into the 
oil wells. This has DO? only stopped subsidence b~ l t  has resulted in some rebound, and also has 
been of economic benefit by driving more oil to the producing wells. Initial injection began in 
1953 but was not fully established until a b o ~ ~ t  1958; by 1961 injection was widespread. 
Ces3aiion of subsidence acc~u-red within a couple years. Elevation rebound was noticed in 1958 
and reached a maximuizl by about 1964 with only minor fluctuations since. Maxiin~un elevation 
rebound has been iibout 1.6 feet along Anaheim Street, and at the 14eim bridge about 1.2 feet 
(Figure 8B). 

,-7 lhe  subsidence did ncit cause significant damage to IT~OSI ~urface facilities but it did damage oil 
\veils ai abai~t 1,5(iil-3,000 feet deplll, and ind~~ced several small earthquakes. In all, abour 500 
wells wer f  damaged. Some of the oil  el! casings were sheared o-ff'or so severely cla~xiaged that 
the well. had to be abandoned and redrilled. 

hf..liliernatical calculations inrlicatt. ;ha! u~p !c. 60 feet of scibsidence could occur if allowed to 
~ ~ ~ ~ t i i l u e  unchecked. To preveilt and control hrther subsidence, lrijectivn must be maintairled 
even after cessation of flui3 v,~ithi!rzwais 'The City of Long Beach Cjax and Oil Department 



(LRGOD) surveys elevation changes twice a year, and monitors oil field fluid injection designed 
to correct elevation changes. The LBGOD estimates survey accuracy of about 0.24 inches; areas 
are considered to be stable if elevation changes are less than that (LBGOD, 2009) Be~lcli marks 
rise and fall in a somewhat random nlanner that is not completely understood but injections do 
seein to correct elevation changes. The col-relation between injection and elevatioil rebound 
appears to be good, but it may take a few months to a year or so to be fully realized. 

There are 3 "index" bench marlcs near the Heim Bridge; one at the nol-th abutment and two more 
a little fartiler to the north. Several other bench masks are scattered around the bridge area. Based 
on measurements of these benclunarlcs, it appears that subsidence of the Heinl Bridge area has 
resumed since 1995 and total subsidence of abo~lt 2 feet has been observed in the Heim Bridge 
zrea since 199.5. Ouring the recent years, the ar~lua! subsidence ratc seems to hzve decreased; 
Measurements were approximately 0.6 in. during the period between May 2007 and April 2008 
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009). 

3.5.3 Flooding 

The flood in~ll~dation map in the Los Angeles County safety element of the General Plan (1990) 
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in 
the San Felllando Valley. However, the reservoir volume, even in the extremely rare case of 
when it is full, is quite s~nall and it is difficult to imagine that a significant flood surge could be 
lnai~ltained across the flat open terrain for the 30 + miles across the Sat1 Fernando Valley and 
Los Angeles basin; therefore, the potential for flooding of the site is considered low. 

3.5.4 Tsunami and Seiche 

Ts~lnamis are sea waves generated by submarine earthquakes, landslides, and volcanic eruptions. 
Seiches are waves internal to an enclosed or highly restricted body of water that wash back and 
forth across the basin. Smaller tsuilamis may be common but their nm-ups are no more than 
typical tidal fluct~~ations so they do not cause significant damage. Generally, damaging tsunamis 
are caused by submarine earthqualtes with a magnitude of about 7 or larger. 

Most tsunamis to affect the Los Algeles-Long Beach harbor areas have been generated by 
distar~t eaxthqualces although California bas had few locally generated, historic tsunan~is, namely 
the 1812 Santa Barbara earthquake and the 1927 Point Argue110 earthqualte. According to 
J-Iouston (1979), the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being 
the worst) indicati~ig a potential for water run-ups of 5 to 15 feet. 

Califorilia has beell struck by several other significant tsunamis generated in the northern Pacific 
(for exanple, the 1946 Aleutian eartl~quake of Mw = 7.8 and 1964 Alaslta event of M w  = 9.2); 
and in the southelm Pacific (1 922 Chile earthquake cjf Mw = 8.4 and the 1960 Chile event of Mw 
= 9.5). The 1964 Alaslca earthqualee caused severe damage and 15 fatalities i n  northern 
California. In southern California, the most serious recorded tsunami was generated b y  the 1960 
Chile earthquake. The greatest darnage occurred in the Long Beach-Los Angeles Harbor where 
5-foot-high seiclle waves surged back and forth in the channels. Cul-reuts of 12 knots were 
reported as tlie water rose and fell rapidjy. A 6-foot drop in water level occurved is: 1 minute a: 



Long Beach and 3 foot drop in 5 nlinutes along the Cei-ritos C11a11nel. The cursents tore sonle 300 
small boats and yachts from the slips and as many as 30 were sunk Danlage was estimated at 
between $500,000 to ovel $1,000,000. 

A compreliensive tsunami analysis for the poi-ts of Long Beach and Los Angeles by Moffat & 
Nichol (2007) basically confirnled the tsunami hazard from distant events. The analysis included 
tsunanlis generated by local sources sucll an eai-tl~quakes in the nearby offsllore Southern 
California Continerital Borderland, and by landslides off the Palos Verdes shelf. No tsunamis 
have been documented from such local events during historical times. These events are 
extremely rare with secussence intervals ilp to about 10,000 years. The results of the analysis 
indicate that tl-ie maximum water level within the Cen-itos channel near Heim bridge could be as 
high as about 11 feet. Cusrent speeds sl-lould be less than about 3 ftlsec. 
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Total subsidence. in feet. Wilmington oil field, 1926 through 1967. 

I Total rebound, in 'feet, Wilmington oil field, from the time of the lowest measured benchmark elevation through November 1985. 



4.0 SUBSURFACE CONDITIONS 

4.1 Subsurface Co~lditiolls 

Soil stratigraphy is defined by the available soils information and the exploratory bol-ings and 
CPT soundings (described in Section 2) performed under the supelvision of EM1 personnel for 
the project. Within the depths explored (down to about elevation -149 ft), tlle s~lbsurface profile 
consists of about 75 ft of interlayered alluvial deposits overlying Gaspur Formation sand. 

At the subject site, natural grade lies at an elevation of about zero, with a few feet of import fill 
for the existing northern approach einbanlullent to Schuyler Heim Bridge extending to a 
inaxiaum elevation of about $2 3 near tlic southern end of thc two walls. The ilea1 surfzcc 
deposits coilsist of silty sand and sandy silt between natural grade and about elevation -5 ft. The 
near surface deposits are underlain by a thck strata of inter-layered nlediurn stiff to  stiff silt, 
sandy silt, and some clay and loose to medium dense silty sand down to about elevation -60 ft. 
Below elevation -60 ft, lies the Gaspur Follnation wl~ich consists of dense to very dense sand and 
silty sand within the depths explored. 

It should be noted that tlle above soil description is general and is intended to describe the 
subsurface in very broad terms. The soil descriptions above sl~ould not be construed to mean that 
the subsurface profile is uniform and that soil is hoinogeizeous within the project area. For details 
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of the report. 

4.2 Groundwater Conditions 

During the EM1 investigation in 2009, groundwater was recorded in all four of the borings 
perfoimed near the proposed walls between elevation -9.9 ft and -1 1.9 feet. The elevation that 
groundwater was encountered in each boring is listed in Table 2 and also on LOTB sheets at the 
end of the repoi-t. However, due to the proxiinity of the site to the Cerritos Channel, where the 
water elevation is dictated by tidal fluctuations, higher groundwater elevations t l ~ a n  those 
encountered during the field investigation are likely. 

Based on the observed high water groundwater elevation for the Cerritos Channel, the design 
groundwater was placed conservatively at elevation +5 ft or the ground surface in locations 
where finished gradz is proposed to be below elevation +5 ft. 

4.3 Idealized Soil Profile 

Based on illformation collected from borings R-09-033, R-09-034, R-09-035, A-09-056 and CPT 
soundings CP'T-09-066 and CPT-09-098 an idealized soil profile for foundation analysis and 
design was developed along the alignment of the proposed walls. The subsurface profile beneath 
the proposed structures is shown in Figure 9. The soil profile and design strength parameters are 
presented below in Table 4. 



TABLE 4. IDEALIZED SOIL PROFILE AND PARAMETERS 

Total Unit Cohesion Friction 
Approx. Elev. (ft) Predominant Soil Type Weight (1 blft2) Angle 

(lblft3) (degree) 

+24 to -12.0 Silty Sand (assumed MSE fill) 120 0 34 
. .......... .... .......... 

+2.0 to -5.0 Sand with Silt 1 Silty Sand / Sandy Silt 120 0 32 

-5.0 to -17.0 Sandy Silt 1 Silty Clay I Lean Clay 120 600 0 
- -- ............................... . ............ 

-17.0 to -25.0 Clayey Silt I Sandy Silt / Silty Sand 120 800 0 

-25.0 to  -43.0 Silty Sand / Sand with Silt I Sandy Silt 120 0 3 2 

-43.0 to -55.0 Clayey Silt I Sandy Silt I Silty Sand 120 2,500 0 

-55.0 to -65.0 Sand with Silt I Silty Sand / Sandy Silt 120 0 3 4 

-65.0 to -150.0 Sand I Sand with Silt / Silty Sand 125 0 3 8 
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5.0 CONCLUSIONS AND RlECOMMENDATIONS 

5.1 Seismic Evaluation 

As pal? of EMI's scope of work for the Schuyler Heiln Bridge (Replace) project, a ground 
motion study was performed in accordance to with the 2009 Caltrans Seismic Design Criteria 
(Caltrans, 2009). Due to the weal< near surface deposits encountered througl~out the project area, 
a site response analysis was performed to develop the design acceleration response spectra. 

As described in Section 2, down-hole shear wave velocity measurenlents were taken in six of the 
rotary wash borings performed along the ~nainline bridge aliglxnent. Shear wave velocity 
profiles were generated for the upper 30 meiers (100 A) of the soil proiile and input inio ihe 
program SHAKE91 along with the seven sets of spectrum compatible time histories to develop a 
site specific ARS spectrum. The design ARS spectium was generated by enveloping the mean 
plus one standard deviation s~u-face ground acceleratio~~s from the SHAKE analysis. Details of 
the site specific ground motioil study are surmnarized in a memorandum prepared by EIVII, which 
is included in Appendix E. 

The site response analysis, performed in accordance with the 2009 SDC, results in a peak ground 
acceleration (PGA) of 0.5g for the site. Liquefaction potential and seislnic settleinent analysis 
were perforn~t:d insing a TGA of 0.5g resulting from a magnit~lde 7.0 event. Pseudo-static global 
stability analyses were performed using a seislnic coefficient of 0.17 equal to one-third the PGA 
in accordance with Caltrans guidelines (Caltrans, 2006e). 

Ground Ru;>tu!e: No known active surface faults traverse the project area. The California 
Divisio~~ of Mines and Geology has not identified AIquist-Priolo Fault Zones through or in the 
proximity of the site. Therefore, the risk of ground surface rupture and related hazards is 
considered low. 

5.2 Soil Liquefaction Potential and Seismically-Induced Settlement 

The liquefaction poteiltial of the saturated, granular materials below the water table was 
evaluated using the procedures outlined by Seed et al. (1983) and updated by NCEER (1997) and 
Youd et al. (2001). For liquefaction poteiltial evaluation of clayey soils, the procedure o~~t l ined  in 
Boulanger m d  Idriss (2006) was used. The seismically-induced soil settlelnent was estimated 
using the procedures outlined by Tokimatsu and Seed (1987). As discussed in Section 4.2. the 
design groundv:aIer was assu~neil to be at the lower of elevation +5 ft  or the ground surface for 
the 1iqu"faction poterrtjal evaluation. 

Lsycrs, pockets and lenses of saturated coarse-grained alluvial deposits above the dense Gaspur 
Formation (located below approximate elevation -65 ft) are expected to be susceptible to 
liquefaclioa. Seislnically induced-settlemenrs of a few to several inclies are anticipated. The 
elevations of the potentially liquefiable material and the corresponding anticipated seislnic 
settlemeills are shown in Table 5 .  The location of the potentially liquefiable material during the 
design esrthqudce is also identified in the subsurface profile shown in Figure 9. 

Earth Mechanics, Inc. 
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TABLE 5. LIQUEFACTION AND SEISMIC SETTLEMENT ANALYSIS RESULTS 

Approximate Elevations of Layer Approximate BoringICPT Total Approximate 
Liquefiable Zones Seismically induced Seismically induced Sounding No. 

(ft)' Settlement (inches) Settlement (inches) 

Notes: I .  Elevafiom are bosecl oil A'A VD88. 

5.3 Soil Corrosivity 

Samples representative of soils till-oughout the project area were tested to determine col-rosivity 
including minimum resistivity, pH, soluble sulfate contenr, and sol~ble  chloride content. Six soil 
samples were tested for corrosivity using the procedures described in California Test methods 
417, 422, 532, and 643. The pl--I was determined to vary between 7.7 and 8.7, the minimum 
resistivities were 230 and 670 olm-cm, soluble chloride contents were 514 and 6,316 parts per 
lnillion @pm) and soluble sulfate contents were 107 and 91 5 ppm. 

According to Caltrans colrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5 
or less, or the chloride concentration is 500 parts per million (ppm) or greater, or the sulfate 
concentialion is 2,000 ppln or greater. Rased on the tesl results, the ou-site soils are considered 
to be corrosi-\.re. 

The baclcfill for the reinforced soil mass should conform to the corrosion requirements per 
Caltrais Standard Special Provision (SSP) for MSE walls. For MSE wzlls with metallic soil 
reinforcement, the permeable bacltfill material should meet the following requirements: 
rninitnum resistivl~y of ?,000 olu-u-cm, cl~lor~des less than 250 ppm, su!Sates less tha~.  500 ppm, 
and 2H betvieen 5 5 .iriif 10. Pern~eable inaterial w l ~ h  geosynthetic so11 reinforcement silc~uld 
have 2 pll between 4.5 and 9 .O.  



5.4 Mechanically Stabilized Earth Wall Recommendations 

As discussed in Section 1.2, the 1naxi:nuin design height of the MSE is about 22 ft Due to the 
presence of colnpressible soil, construction of' the proposed SR-103 Off-Ramp embdcment is 
expected to induce long-tenn consolidation settleinent within the footpril~t of the proposed 
approach. Several wall alternatives were considered, and ultimately an MSE wall was selected 
because of its ability to tolerate substantial amount of total and differential settlements. 

Tlie MSE wall should be designed based on Section 5 of the Caltrans BDS (Caltrans, 2004). 

5.4.1 Lateral Earth Pressures 

Using Section 5.5.5.8 of the Caltrans BDS (Caltrans, 2004), an active earth pressure coefficient 
of 0.3 and a soil ullit weight of 120 pcf is recommended for the proposed MSE wall (i-e., 36 pcf 
equivalent fluid pressure), which retains level backfill. An additional lateral uniform pressure of 
75 psf due to a traffic surcharge equivalent to a vertical pressure of 250 psf should be added to 
the above lateral earth pressure values, where applicable. The lateral active ea-tl~ pressure 
resultant should be applied to t l ~ e  back of the hlSE wall at HI3 ft above the bottom of the wall (H 
is the wall height in ft). 

Per Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of earthquakes need to be 
considered in the design of retaining walls which support bridge abutments, soundwalls, or other 
installations for wl-Lic11 there is a low tolerance for failure. Since the subject MSE wall does not 
support ally stnncture fc~r which there is a low tolerance for failure, per Caltrans practice, the 
MSE wall need not to be designed for seisrrlic earth pressures. 

5.4.2 Bearing Capacity 

Bearing Capacity of MSE Structure: Using the maximuin wall height of 26 ft  and base width of 
26 fi neas the southern end of the walls at Sta. 4264-06 ("Em Line), the bearing pressure induced 
on the underlying roundation soil is 3.8 ksf. Using a base width of 26 ft  and a remedial 
excavation of 3 fi (see Section 5.4.8), the allowable bearing capacity of the soil directly beneath 
the MSE wall is greater than 3.8 ksf. Tl~erefore, the allowable bearing capacities exceed the 
bearing PI-esslnres irlduced by the wall. 

Bearing Capacity of Leveling Pad: Leveling pads should be embedded to a depth of 0 .1  H (where -- 

H - heigl~t of wall in feet), but not less than 3 ft below lowest adjacent grade. Uslng a remedial 
excavation of 3 ft below the leveling pad, the allowable bearing capacity for the leveling pad is 
recoinlnended to be 2.5 ksf. 



TABLE 6. MSE WALL El432 STAIILITY ANALYSES 

Gpprox. Max MSE Bearing Capacity 
"En Wall Strap Factor of Safety 

Global Stability 
Factor of Safety 

Line Height ~ e n ~ t h  During During 
Station (ft) (ft) Surcharge Permanent Surcharge static"'   sue do-static") 

426+25 2 6 26 1.26 2.40 1.26 1.57 1.13 

Notes: 
(1) Factor of safety based upon level backfill and 240 psf equivalent vehicle surcharge for static condition. No 

vehicle surcharge for psueudo-static condition. 

(2) Governing psuedo-static factor of safety based upon static horizontal inertial force equal to one-third the 
peal< design ground acceleration; 0.17g per Caltrans guidelines (2006e). 

(3) Demand bearing pressures for MSE walls as shown in Catrans Bridge Design Aids, 2002 for Loading 
Condition 1. 

(4) A relnediai overexcavation of 3 ft below the leveling pad and the MSE was considered in the analysis. 

5.4.3 Settlement 

Standard procedures were used to evaluate ground settlement of the underlying foundation soils 
due to the proposed MSE and associated embadunent fill placement. Generally, fills induce 
immediate arid consolidation settlement of underlying soils. Immediate settlement occurs during 
grading and consolidation settlenlent occurs over varying time periods. Consolidation settlement 
(magnitude and time period) is directly related to the depth of fill placed over compressible soil 
and the thickness of compressible soil layers. Ilnlnediate settlement which is estilnated to be 
negligible in this case occurs during grading or shortly thereafter, while consolidation settlement, 
which in this case is considerable, occurs over varying time periods. 

One cross-section was selected to evaluate the potential settleinent beneath the proposed wall 
approxinlalely 25 ft  from the southern terminus of the wall near "E" Line Sta. 426+25 

Based on cross-sections provided by the roadway designers, the existing embanlunent at "En 
Line Sta. 426+25 will be approximately 57 feet wide at the crest and the elnbanknlellt height is 
approximately 20 feet above existing grade. Based on our calculations, the maximum settlement 
of soils underlying the proposed embaldanent is estimated to be about 10 inches. The settlelnent 
period is estimated to be about 20 weelcs to reduce the remaining long-term settlement to less 
than %-inch. If a 5-ft emba~dcmellt surcharge is applied, the settlement period is reduced to about 
1 I weeks. For a 7-ft embadunent surcharge, the settlement periods is reduced to about 9 weeks. 

The suwcllarge heights referred to in these reco~mneridations are measured relative to the finished 
grade of the proposed embankments. Settlement periods with surcharge begin once the full 
surcharge height is completed. Waiting periods without s~ucharge begin once the project grade is 
corlstructed to the top of the finished subgrade 

Settlement h/lonitoring Reconunendations: Based on our experience, the calculated settlelnents 
and settleinent periods are approxirilations of actual field obselvations. Due to the variability of 
subsurface conditions and the thinly layered nature of soil deposits, settlement monitorillg is 
recommended. 



A settlelneilt lnonitoring program should be implemented for the proposed MSE wall. Surface 
monuments should be placed on the face of the MSE wall to measure any vertical or lateral 
movement. In addition, surface settlement monuments, constructed in accordance with Caltrans 
Standard Plan Sheet A74 or equivalent (Caltrans, 2006b), should be placed at the nlaxinlun~ wall 
heights and at every 100 ft along the length of the MSE wall. The settlelnent inonumei~ts should 
be installed in a tiinely manner upon completion of wall construction. Special care should be 
exercised in the field to suivey and protect these settleinent devices. The monuinents should be 
monitored at the time of installation, on a weeltly basis for a month, and then once every 2 weeks 
thereafter mltil it has been verified by the Engineer that the remaining settlenleill for the 
ernbauknlent is acceptable. The uppermost levels of wall facing, coping, roadway pavement, 
hardscape, and any other iinprovements should not be constlucted ~mtil the remaining settlement 
is within acceptable limits (i.e., %-inch or less). 

5.4.4 Overexcavation 

Along the proposed wall alignment, the base of the MSE structure will be founded on native 
soils. EM1 recommends remedial grading consistiiig of a 3-ft overexcavation. The bottom of the 
overexcavation should be scarified to a minimum depth of 8 inches, inoisture conditioned to near 
optimum moisture content, and conlpacted according to Caltrans Standard Specifications 
(2006~). The overexcavation should be backfilled using granular, non-expansive soils. I11 the 
event the bottom of remedial excavations become saturated due to the presence of shallow 
groundwater or seepage, self compacting material such as gravel or lean concrete slurry can be 
placed within the limits of the overexcation. The overexcavation should extend at least 3 ft 
beyond the outer edge of the leveling pad and 3 ft beyond the back of the reinforced zone behind 
the wall. 

5.4.5 Global Wall Stability 

The "global" stability of the MSE was evaluated for both static and pseudo-static conditions 
using the computer program GSTABLE7 (Gregory, 2006). Strengths of liquefiable soils were 
estimated using the inethod outlined in Seed and Harder (1990). The material used for the fill is 
assumed to have a friction angle of 32 degrees and ininiinum cohesion of 200 psf. The cross- 
section selected for stability analysis was near "E" Line Sta. 426+25. 

The soil strength w i t h  the reinforced earth zone is assumed to have a friction angle of 34 
degrees and zero cohesion. The in-situ shear strengths of existing fill material and in-situ native 
soils vaiy and are provided in Table 4. 

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to 
represen1 traffic loading. In accordance with Caltrans Guidelines (2006e), stability illialysis for 
the seismic condition was performed using the pseudo-static approach with a seismic coefficieilt 
of 0.1 7; Caltrans guideiines require a seismic coefficient equal to one-third the peak horizontal 
acceleration (0.5 g, based on the site specific ground motion study, see Appendix Fj but not 
exceeding 0.2. 



According to the results of the analyses and Caltrans guidelines, the slopes meet the lliinimuin 
~qequired factor-of-safety for deep-seated failure of 1.5 for tlie static condition and 1.1 for the 
seismic condition per Caltrans Foundation Design Guidelines (2006e). 

5.4.6 Drainage 

Sufficieilt drainage should be provided at the roadway sulrface of the embankment and between 
the paveillent structure and the top of the MSE Wall to xninilnize accumulation of water within 
the MSE inass during the life of the structure. 

5.5 Settlement of Adjacent Utilities 

Toplto Pipe. An existing 60-inch Corrugated Metal Pipe (CMP), which contains an 8-inch - 
dialneter Topko oil line and 8-incl~ dianleter water line inside, crosses beneath the proposed MSE 
at approximate "E" Line Sta. 427+65. At the location where the CMP crosses beneath the 
proposed enlbanlunent, the embankment height is approximately 16 f3 and the width of the 
proposed elnbailkment is approximately 57 ft. 

Settlement of compressible fine-grained soils underlying the Topko pipe is estimated t o  be about 
5 inches, 2.5 inches and 0.25 inches at the centerline of the embankment, beneatli Retaining 
Walls ElIE2 a id  about 25 ft beyond the toe of Retaining Walls ElIE2, respectively. 

A Technical Memorandum was prepared by EM1 (EMI, 2009) that specifically addresses 
settleinellt of' foundation soils underlying the Toplto Pipe. The memorandum includes cross- 
sections of locations where the CMP line crosses beneath the proposed embankment, and tlle 
estiinated settlemei~t profile of the CMP at those locations. This memorandum is included in 
Appendix F. 

Proposed Drainage Structure No. 34. A 24-inch dianeter reinforced concrete pipe (RCP) storm 
drain, w11icl.1 runs in a north-south direction beneath the proposed MSE, will be abandoned due to 
the proposed improvements. The existing storsn drain will be capped and replaced wit11 proposed 
Drainage Structure No. 34 (DS 34) Illat will consist of a 24-inch dianeter RCP that will connect 
to another existing storm drain located to the east of proposed Retaining Wall E2. DS 34 will run 
in an east-wzst direction crossing t l~e  "E" Line about 35 ft  south of the proposed MSE (in front 
af Ab~ltrnent 27 of the SR-103 Off-Ramp) and then turn north, ruiming parallel to the ''En Line 
approximately 10 fi w-est of the toe of Retaining Wall El .  

Se~tlement estimates along the proposed alignment of DS 34 are anticipated lo vary from less 
than 0.5-inch to a inaxi~u~im of about 3-inches adjacent to Retaining Wall E l .  The estimated 
rnaxinlrlln differentiai settlement along the alignnient of DS 34 is approximately 2.5-inches over 
a ZOO-ft of  length of pipe. 

The proposed storm drain is expected to be sensitive to differential and total settlement due to 
gravity flow -cv~thjn the KC'P. If the proposed settlemesit inagi~itudes are determined to be  o~tltside 
ttie tolerable limits of the stc;,m drain, coilstnlctinr! of DS 34 shol-ild not bc? iniriiatrd until after tlie 
settlc;ine~t period $21 thy proposed MSII is complete or the surci~~irgr? has been releaset-1 



Settlelnelll recom~~~endations including ernbanlunent surcharge and settlement period estimates 
for the proposed MSE are included in Section 5.4.7. 

5.6 Piel- A Development 

As part of its future development plans, the POI? of Long Reach is considering expanding Pier A 
beneath the proposed Schuyler Heim Bridge Replacelnellt so~ltltl.1 of the subject MSE walls. A 
Technical Memorandum has been prepared by EM1 (EMI, 2010c) that details the potential 
development plans and the impact of the proposed development on the storm drain and sewer 
lines and recolmnends appropriate lniligatioll measures. 



6.0 CONSTRUCTION CONSIDERATIONS 

All work should be pcrfornled in accordance with the Callrans Standard Specific,.~tiuns (Caltrans, 
2006~)  except as indicated in the Special Provisions prepared for the project improvelnents. 

6.1 Earthwork 

61.1 General 

Ea3-tliv,7orl< should be performed in accordance with Section 19 of the Caitra~s Standard 
Specifications (Caltrans, 2006~). Appropriate measures sl~ould be taken to prevent damage to 
a2jacent existing structires and utilities. Design and construction of temporary slopes or shoring 
should he made the corltractor's responsibility. It sl~ould be noted that it is the responsibility of 
the contractor to oversee the safety of the worltcrs in the field during constructios~. The contractor 
shall conform. to all applicable occupational safety and health standards, rules, regulations, and 
orders established by the State olr California. In addition, other State, County, or Municipal 
regulations may supersede the recommnendations presented in this section. If a trench shoring 
design and safety plan is required, the geotechnical consultant should review the plan to confirm 
that recommendations presented in this report have been applied to the design. 

Heavy construction equipment should not be used immediately adjacent to shoring due io large 
lateral pressures induced by sucl-L equipment urlless the shoring is designed to accon~modate 
resulting pressures. Excdvated soil or csnstructior~ materials should not be stockpiled adjacent to 
shosing or open excavations. Stockpiled soil and co~lstruction materials should be set back a 
distance at least equal the height of the excavation. 

Irk fill aeas, conlpletcs resnoval of cnlnpressible surfiejal rnarerials including vegetation, topsoil, 
loose or sofi al!uvinrn, arid othelwise ~ulsuitablr: ~~iateridl is required prior to fill placement. A 
minimum ove~excavation of 2 ft is recormnended within all areas to receive cor~lpacted fill; the 
overexcwation should extend llorizontally a minimum distance of 2 ft  from edges of new fills or 
stmctures. Ac'nlai deprhs 3nd extent oi'the required reniovals should be determined i n  the field 
by qualified geotechnical personnel. Overexcavated areas should be cleaned of loose soils and 
debris and sl~ould be observed to be finn and unyielding before receiving fill. The bottom of the 
ovel-exczvation should be scarified to a lninilnum depth of 8 inches, lnoisture conditioned to near 
c~ptllnuln rn~ishu-e csnteni, and compacted in place to at least 90 percent relative compaction. 

6.1.2 Cuts and Elxcwvatiuns 

Preljminary plans do not show ar.y permanent cuts necessary to achieve finis11 grades. I3owever: 
temporary cr~ts ma>r be reqiiireil tc? facilit.y.te Iht. constluctioll of proposed improvements. 
Temporary excavations. inc!uding temporary slgping or shoring, will nee3 to be designed by the 
contractor for local and global stabiIity, once the means and methods of construction we 
determined. 



6.1.3 Groundwater Control 

Gruusrdwater was c~lcountel-ed in all four of the bori~rgs perfolmed near the proposed wdll pair 
between elevario~l -9.9 and -1 1.9 ft. Based on lates~ cross sections~providedby kcdesigllers, the 
bot~om o f  proposed leveling pad varies between about elevation TO and -5 A. lhe deepest 
excavatios~ for the proposed MSE wall is expected to be a couple of feet above the observed 
groundwater elevations. However, due to the proximity of the site to the Cessitos Cllalmel where 
rhe water elevation is dictated by tidal fluctuations, higher groundwater elevations than those 
cncocmtered during tile field irivestigation are likely; therefore, the contractor sl~ould be  prepared 
ti:, control groundw;~tel during footing construction. Any groundwater encountered duriilg 
fboting constructio~ sllould be corltrolled in accordance wit11 Section 19-3.04 of the Caltrans 
Si~ildarcl Specifications (2006~). Any seepage or groundwater removed from an excavation 
should be tested and disposed oi  in coliipliance with all applicable local, state and federal 
requirements. Free water should not be allowed to stand in any excavations. If excavations 
become flooded, at least the bottom 6 inches of soil should be removed and replaced or re- 
compacted to 95 percent relative comnpaction. Additlollal removals may be required at the 
discretion of the Engineer. 

6.2 Review of Construction Plans 

Iieco~~mendations contained herein are based on current design informzition. Tlle geoteclu~ical 
consultant sl~nuld review the fil3al construction plans and speciljcations in order to confis~n that 
the genera! in~te~lt of the recomine~~dattons contained in this repost have been lncorposated into 
rhe final co~istruct~orr docun~cnts. 

6.3 ~~ea~technisal Observation and Testing 

Qnaljfied geotechilical personnel qhould perfonill inspections and testing during the following 
stages of construction: 

0 Gradiag operations, including excavations and piace~nent of co~npacted fill. 
  la cement- ~Treil-iforcing elements f i~r  the MSE structure. 

e Shoring installation. 
e Realoval or instailalion of support of buried utilities or structures. 

Whzn any umrsual srlbsurface ccsnditions are encountered. 



7.0 REFERENCES 

Allen, D.R., 1984, "The Geology and Geologic Hazards Potentiai of Tol-rmce Oil Field as 
Kelizted to the Proposed Water, Flood and Development Operations of Santa Fe Energy 
Company," Unpublishzd Repoi-t for Santa Fe Energy Company, Torrance CAY November. 

American Association of State Highway and Transpol-tation Officials (AASHTO), 2007, 
AASEI'I'O L,RFD Bridge Design Specifications, Fourth Edition., Washington, DC. 

American Society for Testing and Materials (ASTM), 2009, Annual Book of Standards. Soil and 
Rock; Vol. 04.08. 

Argus, D.F., et ai., 1399, "Shoi-tening and Thickening Metropolitan Los Angeles Measured and 
Inferred by Using Geodesy," Geology v. 27, p. 703-706. 

Benioff, H., 1938, "The Determination of the Extent of Faulting with Application to the Long 
Reach Eai-thqudce," Bulletin of the Seislnological Society of America, v. 28, p. 77-84. 

Aoulanger, fi. U' and Idriss, I. M., 2006, "Liquefaction Susceptibility Criteria for Silts and 
Ciilys," Journal of Geotech~ical and Geoei~viromnental Engineering, ASCE, 132: No. 11, 
Nov em be;. 

Califorr~ia Departine~lt of Transportation (C:altraiis), California Test Methods, Various llates. 

-- , 2003, Corrcsiorl Guidelines, Version 1 .O; Office of Materials Engineering and Testing 
Ser\/ices, Coa-rosion Technology Branch, September. 

--, 2004, Bridge Desagll Specifications, September. 

, 2006a, Guidelines for Struct~ues Foundation Repoi-ts, Version 2.0, March. 

-- , 2006b, Standard Plans. 

-- - -- , 20ii6, Standard Specifications. 

---- , 2000d: Seisinic Design Criteria, Versiori 1.4, June. 

-- , 2006e, Guidelines for Fol~ndation Investigations and Reports, June. 

-, 2N9,  Seismic Design Criteria, Version 1.5, Appendix R, Septen~ber. 



California Department of Water Resources, 1961, Planned Utilization of the Grouild Water 
Basins or  the Coastal Plain of Los Angeies County: Rulletii: 104, Appendix A Ground 
Water Geology. 

Diaz-Younnan and Associates (DYA), 2000, "Revised Geoteclulical Design Report, Helu-y Ford 
Avenue Grade Separation, Alameda Colridor," Los Angeles, California (Project No. 165- 
07). 

Earth Mechanics, Inc, (EMI), 2009, "Geotechnical hllemorandum for Settlement Estimates 
Below Topko Pipe llue to Proposed Retaining Wall Nos. El  and E2," Schuyler Hein1 
Bridge Replacement Project, EM1 Project No. 06-123, December. 

Eal-tll Mechanics, Iilc.. (EMI), 20 1 Oa, "Final Foundation Report, Retaining Walls GI and G2," 
Schuyler Heiln Bridge Replacement Project, EM1 Project No. 136-123, May. 

Eal-tl~ Mechanics, Inc. (EMI), 20 1 Ob, "Final Foundation Report, SR- 103 Off-Ramp, Bridge No. 
53-3 034.K," Schuyler Heiln Bridge Replacement Project, EM1 Project No. 06- 123, May. 

Earth Mechanics, Tnc. (EMI), 2 . 0 1 0 ~ ~  Geolechnical Memorandum for Settlelnellt Estimates 
Below RCP and VCP Lines Due to Placement of Potential Future Fill to Approximate El. 
t-15 ft at North Side of (:en-itos Chzinne.1, Schuyler tIein1 Bridge Replacement Project, EM1 
Project No. 06-123, May 

Ciregory, G., 2006, GSTABLi with STEDwin Slope Stability ,4nalysis System Program Manual, 
Version 2.005, 

I-Ial-ris, F.R., 1945, "Subsldznce of Terminal Island, Long Beach, California, its Probable Ca~~ses,  
Extent, and Future Egfects," Unpublished Report Prepared for Bureau of Yards and Doclts, 
Navy Depas-tment, Washington, D.C. 

Haulcsson, E., 1995, "Seisn~ological Overview of the 1994 Nortlu-idge Earthclualte Sequence in 
C'alifonlia," in Woods, M.C , and Seiple, W.R., eds, The Northridge California Earthquake 
of 17 January 1994: California Department of Conservation, Division of Mines and 
Geology, Special Publication 1 16, p. 17- 38. 

Naultsson, E nrld Gross, S., 1997, "So~~rce Parmeiers af the 1933 Long Beach Earthquake," 
Rtllleti~~ of the Seismoiogicai Society of American, i;. 81, p. 81-.38. 

I-!ouston, J.R., 1970, "State-of-the-h-1. for Assessing Earthquake Hazards ill the United States, 
Tsu~lamis, Seiches. a~ld  Landslide-Induced \F7ater U7aves," 1-J.S. Army Engineer Waterways 
Experiment Station, Viciisburgj I~Tississippi, Repcrl 1 5. 



Jacoby, G., Slzeppard, P., and Sieh, K., 1987, "NJas the 8 December 18 12 California Eai-thqualce 
Produced by the San Andreas Fault Evidence froin Trees Near Wrightwood," 
Seismological Research Letters, v. 58, p. 14. 

1,011g Beacli Gas and Oil Department, 2009, "Elevation Changes in the City of Long Reacll, 
November 2008 Through April 2009," Report to Long Beach City Council. 

Los Angeles Ccunty General Plan, 1990, "Tecluzical Appendix to the Safety Element of the Los 
Angeles County General Plan, Hazard Reduction in Los Angeles County," Prepared by 
Leighton & Associates with Sedway Cook Associates for the Department of Regional 
Plarining, County of Los Angeles, January. 

LKR G~~oup, Inc., 1998, "Geoteclznical Investigation for PS&E Phase of Seismic Retrofit 
Analysis, Schuyler Heim Bridge, CA," April 8. 

MAA Eiigiileerii~g Consultants, hzc., 1993, "Final Geoteclmical Report, Badger Avenue Bridge 
Replacement," Poi? of Los Azgeles, October 1 .Meyerliof, G.G., 1956, Penetration Tests 
and Bearil~g Cagacity of Cohesionless Soils, Journal of the Soil Mechanics and Foundation 
Division, ASCE, Vol. 82, No. SM1, January, pp. 1-19. 

Moffatt & Nichol, 2007, "''Psu~nami Hazard Assessment for the Ports of Long Beach and I,os 
Aigeles," Prepared for Port of Long Beaclz, Long Beach, CA and Port of Los Angeles, Sail 
Pedro CA. M&N File 4839-169, April. 

NCEGR. 1 997,'tProceeding of the NCEER Worlcshop on Evaluation of Liquefaction Resistance 
of Soils," 1'. E. Youd and I. M. Tdriss Editors, Technical Report NCEER-97-0022, NCEER, 
BufFdio, XY . 

Rsbertson, P. I<.aid Campariella, K. C., 1989, "Guidelines for Geotechnical Design using the 
Cone Penetrometer Test arid CPT with Pore Pressure Measurement," Soil Mechanics Series 
No. 120, Department of Civil Engineering, IJniversity of British Columbia, Vancouver, 
R.C., VB'T 1Z4, Septenibei. 

Schell, R.A., 2007, "Geologic Structure and Eal-thqualte Hazard of the Palos Verdes Fault in the 
Palos Verdzs Hills and Ports of Los Angeles and Long Beach Area, Los Angeles County," 
CaiifLtili:1: Pacific Section SEPM Book 103, p. 233-258. 

Seed, I-i. B., idriss, C. !$/5., ~md  Arango, I., 1983,"Evaluatjon of Llquefa-clion Potential U-sing Eield 
Perfonliance Data," Journal of'Geoteclmica1 Engineering, ASCE,, Vol. 109, No. 3? pp. 458- 
482. 

Seed. I-I. H., zrtd Harder, 1,. F , 1990, "SPT-Based A~alysis of Cyclic Pore Pressure Generarion 
and Undrair:ed Residi~a! Strellglh," Proceedings of 1-1. Bo!ioi~ Seed Memo;-ial S P ~ ~ I ~ O S ~ G I ~ ~ ,  
1Jni~~c rsity of Cali fomir? at Eerlieley, Bil'ech P~lblishel-s. 



Shaw, J.H., and Sheaser, P.M., 1999, "An Elusive Blind-Tlu-ust Fault Beneath Metropolitail 1,os 
Angeles," Science, v. 283, p.1516 ( 5  Mascl~). 

Shaw, J.H., Plesch, A ,  Dolan, J.F., Pratt, T.L., and Fiore, P., 2002, "Puente Hills Blind-Tlu-ust 
System, Los Angeles, Califo,mia," Bulletin of the Seismological Society of America, v. 92, 
p. 2946-2960. 

Strehle, R., 1987, "Subsidence in Long Beach," in Oil Producing Aseas in Long Beach, Pacific 
Section, American Association of Petroleum Geologists, 1,os Angeles, Ca, Field Trip 
Guidebook, June 1 1, p. 69-80. 

Toltimatsu, I<., and Seed, H. B., 1987, "Evaluation of Settle~nents in Sands Due to Eai-thqualte 
Sllalting," Journal of Geoteclmical Engineering, ASCE, Vol. 1 13, No. 8, pp. 86 1-8 78. 

U.S. Geological Survey, 2007, "A 3-Dimensional Model of Water-Beasing Sequences in the 
Dominguez Gap Region, Long Beach, California," Open-File Report 2007- 10 13. 

Ward, S.N., 1994, "A Multidisciplinary Approach to Seismic Hazard in Soutl~ern California," 
Bulletin of the Seisinological Society of America, v. 84, p. 1293-1309. 

Weldon, R., Scharer, I(., F~mal, T., and Biasi, G., 2004, "Wrightv~ood and the Earthquake Cycle: 
Viillat a Long recurrence Record Tells us About how Faults Work," Geological Society of 
America, GSA Today, v. 14, no. 9, p. 4-10. 

Wrigllt, T.I,., 1991, "Stl-uctural Geology and Tectonic Evolution of the Los Angeles Basin, 
California," in Biddle, K.T., ed., Active Basin Margins: American Association of 
Petroleurn Geologists Meinoir 52. 

Yeats, R.S., and Huftile, G.J., 1995, "The Oak Ridge Fault Systein and the 1994 Noi-tluidge 
Earthquake," Nature, v. 373, p. 41 8-420. 

Youd, T I,. et ai., 2001, "Liquefaction Resistance of Soils: Summary Report from the 1996 
NCEER and 1998 NCEEFUNSF Workshops on Evaluation of Liquefaction Resistance of 
Soils," Journal of Geotechnical and Geoenvironmental Engineering, ASCE, Vol. 127, No. 
10. Oc.tober. 

Zielbauer, E.3.. Kues, I3.A., burnhaln, W.L., and Keenc, A.G., 1962, "Doininguez Gap Barrier 
Project Cieoiogic Investigation," Los Angeles County Flood Control Disrrict, h(arc11. 



















APPENDIX A. EARTHSPECTIVES SPT HAMMER ENERGY MEASUREMENT 
REPORT 



EARTHSPECTIVES 
250 Goddard Phone: (949) 777-1 270 
Irvine, California 92618 Fax: (949) 777-1 283 

November 12, 2009 
EarthMechanic, Inc. 
17660 Newhope, Suite E 
Fountain Valley, California 92708 

Attention: Mr. Ranian Guneranian 

Dear Ranjan: 

SPT Hammer Energy Measurement 
Borings A-09-053, R-09-004, and R-09-009 
ACTA Schuyler Heim Bridge Replacement 
Long Beach, California 
ES Project No. 09095-141 

INTRODUCTION 

This letter report summarizes the results of EarthSpectives0 (ES) SPT hammer energy measurements 

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It 

provides a description of the test program and results. 

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system 

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and 

6066 test standards. Results are summarized in Table I, while more details regarding energy records 

are provided in Appendix A. 

TESTING CONDITIONS 

Test Borings 
SPT hammer energy measurements were performed at three boring locations drilled by three different 

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R 

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ 

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal 

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig 

equipped with a Automatic trip hammer and HF2-518 drill rod, while C&L Drilling samplers were 

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made 

drill rod. 

Instrumentation 
SPT energy measurements were performed by placing a 2 ft instrumented section of drill r od  at the top 

of the drill string between the hammer and the existing sampling rods. The instruments consist of two 

Geotechnical Specialty Engineering 



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view 

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during 

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The 

raw data were stored directly on a portable field computer for subsequent analysis in the office. 

RESULTS 

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy 

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred 

energy to rated energy of the hammer which is the product of the weight of the hammer times the 

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft). 

TABLE 1 - SUMMARY OF SPT HAMMER ENERGY MEASUREMTS 

AVERAGE SPT HAMMER EFFICIENCY 

I I Automatic Trip hammer I Automatic Trip hammer I Rope and Cat-Head I 

SAMPLING DEPTH 
(FT) 

(ENERGY TRANSFER RATIO) 
BORING R-09-009 
C&L Drilling, Inc. 

Mud Rotary 

BORING A-09-053 
2R Drilling, Inc. 

Hollow Stem 

BORING R-09-004 
So Cal drilling, Inc. 

Mud Rotary 



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of 

blow number in Appendix A. Table immediately following the plot also provides the minimum, 

maximum, and average values at each sampling depth in addition to raw data. 

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an 

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall 

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall 

average of 62 percent for boring hole R-09-009. 

LIMITATIONS 

Professional judgments represented in this report are based on evaluations of the technical 

information gathered, our understanding of the proposed construction, and our general experience in 

the geotechnical field. We do not guarantee the performance of the project in any respect, only that 

our engineering work and judgments are rendered while striving to meet the standard of care of our 

profession at this time. 

CLOSURE 

It has been a pleasure serving you on this project and we look forward to working with you again. 

Please call if you have any questions. 

Sincerely Submitted for EarthSpectives 

Hossein K. Rashidi, Ph.D., P.E. 
Principal Engineer 



E a r t h S p e c t i v e s  2 0 0 9 - O c t - 1 3  

ACTA SCHUYLER HEIM BRIDGE REPLACEMENT, BORING HOLE A-09-053,  2 R  D R I L L I N G  

Notes  1. Sample a t  5 f t  
2 .  Sample a t  10 f t  
3. Sample a t  15 f t  
4 .  Sample a t  20 f t  
5 .  Sample a t  25 f t  

ETR (%) 
E n e r g y  T r a n s f e r  R a t i o  

N o t e s  
1 

N o t e s  6 .  Sample a t  30 f t  
7 .  Sample a t  3 5  f t  
8 .  (BN159).  Sample a t  40 f t  
9 .  Sample a t  4 5  f t  

10. Sample a t  50 f t  



P i l e :  A - 0 9 - 0 5 3  P r o j  : ACTA HEIM BRIDGE PROJECT P g l  
I n f o :  HOLLOW STEM S P :  0 . 4 9 2  k / f t n 3  
AR : 1 . 2  i n - 2  WS: 1 6 8 0 8  f t / s  
LE:  5 6 . 0  f t  EM: 3 0 0 0 0  KSI  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  BPM: B l o w s  P e r  Minute 
ETR: E n e r g y  T r a n s f e r  ~ a t i o  CSX: Max Measured C - S t r e s s  
E 2 F :  UNDEFINED C S I :  Max F 1  o r  F2  C - S t r e s s  
EF2 :  E n e r g y  by F A 2  Method TSX: Max C o m p u t e d  T - S t r e s s  
EV2: UNDEFINED 
_ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# d e p t h  TY EMX ETR E2F  EF2 EV2 BPM CSX CSI  TSX 
e n d  b l / f t  f t  K - f t  5 I<- f t bl /min k s i  l c s i  l c s i  

1 4  5 . 0 0  AV 0 . 2 8  8 2  0  1 . 5 0  2 0 4  5 4 . 7  2 0 . 0 6  2 0 . 1 3  6 . 8 1  



Pile : A- 09- 053 
Info: HOLLOW STEM 

Pro) : ACTA HEIM BRIDGE PROJECT Pg2 

COMMENTS 
JC = 0.70 
Sample at 5 ft 
Sample at 10 ft 
Sample at 15 f t 
Sample at 20 ft 
Sample at 25 ft 
Sample at 30 ft 
Sample at 35 ft 
Sample at 40 ft 
Sample at 45 ft 
Sample at 50 ft 

DRIVEN (2009-0ct-13 : A-09-053.MDF) 
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Pile : R- 09-004 Proj : ACTA HEIM BRIDGE PROJECT Pgl 
Info: MUD ROTARY SP: 0.492 k/ft03 
AR : 1.4 inA2 WS: 16808 ft/s 
LE: 163.0 ft EM: 30000 KSI 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - 
EMX: Max  rans sf erred Energy BPM: Blows Per Minute 
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress 
E2F : UNDEFINED CSI: Max F1 or F2 C-Stress 
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INTRODUCTION 

Boring geophysical llleasurelnellts were collected in six uncased borings for the Schuyler Heim 

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisitioi~ was 

performed between October 19 to Novenlber 6, 2009 by Victor Goilzalez and Charles Carter of 

GEOTfision. Data analysis was perforilled by Victor Gonzalez and reviewed by Robert Steller of 

GEO TTision. Repoi-t preparatioil was perforll~ed by Victor Goilzalez and reviewed by Jolm Die111 

of GEOVision. The work was performed under subco~ltract wit11 Earth Mechanics, Inc. (EMI) 

wit11 G. J. Gunaranjan servillg as the point of contact for EMI. 

This report describes the field measuremeilts, data analysis, and results of this work. 
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SCOPE OF WORK 

This report presents the results of boring geopllysical ineasurelnents collected between October 

19 and November 6,2009 in six 4 718 -inch uilcased borings, as detailed in Table 1. The purpose 

of the study was to supplement stratigraphic illforlllatioil obtained during EMI's soil sampling 

progranl and to acquire shear wave velocities and colnpressioilal wave velocities as a f~ulnction of 

depth. 

"' Coordinates and elevations provided by EM1 

Table 1 Boring locations and logging dates 

BORING 

DESIGNATION 

The OYO Suspension Logging Systenl was used to obtain in-situ horizontal shear and 

colllpressional wave velocity lneasurenlents at 1.6-foot intervals. The acquired data were 

analyzed and a profile of velocity versus depth was produced for both colllpressioilal and 

llorizontally polarized shear waves. 

A detailed reference for the velocity measurenieilt teclmiques used in this study is: 

Guidelines for Detesn~ining Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, Novelllber 1993, 

Sections 7 and 8. 

DATES 

LOGGED 
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INSTRUMENTATION 

Suspension Instrumentation 

Suspension soil velocity measurements were performed in all boriilgs using the PS suspension 

logging system, manufact~lred by OYO Coiporation, and their subsidiaiy, Roberts011 

Geologging. This system directly deternliiles the average velocity of a 3.3-foot high segment of 

the soil c o l u m ~  sui-rounding the boring of interest by nleasuriilg the elapsed time between 

arrivals of a wave propagating upward tl~rough the soil coluilm. T l ~ e  receivers that detect the 

wave, and the source that generates the wave, are inoved as a unit in the boring producing 

relatively coilstant ainplitude signals at all depths. 

The suspension systein probe coilsists of a coillbined reversible polarity solenoid horizontal 

shear-wave source (SH) and con~pressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as sllown in Figure 1. The separation of the two receivers i s  3.3 feet, 

allowiilg average wave velocity in the region between the receivers to be deteriililled by 

illversion of the wave travel time between the two receivers. The total leilgth of the probe as used 

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottolll 

end of the probe. 

The probe receives control signals from, and sends the receiver signals to, instrunlentation on the 

surface via an aillored 4 or 7 conductor cable. The cable is wouild onto the drum of a wiilch and 

is used to support the probe. Cable travel is nleasured to provide probe depth data, using a 3.28- 

foot circunlfereilce sheave fitted wit11 a digital rotaiy encoder. 

The entire probe is suspended in the boring by the cable, therefore, source illation is not  co~~pled  

directly to the boring walls; rather, the source nlotion creates a horizontally propagating 

inlpulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure 

wave is converted to P and SH-waves in the surrounding soil and rock as it inlpinges upon the 

wall of the boring. These waves propagate t l~ough  the soil and rock surrounding the boring, in 

tun? causing a pressure wave to be generated in the fluid surroundiilg the receivers as t l ~ e  soil 
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waves pass their location. Separation of the P and SH-waves at the receivers is perforn~ed using 

the followiilg steps: 

1. Orientatioil of the horizontal receivers is nlaintailled parallel to the axis of the source, 

lnaxinlizing the ainplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded wit11 the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a cl~aracteristic SH- 

wave signat~~re distinct from t l~e  P-wave signal. 

3. The 7.0-foot separatioil of source and receiver 1 permits the P-wave signal to pass and 

damp significalltly before the slower SH-wave signal arrives at the receiver. In saturated 

soils, the received P-wave signal is typically of much higher frequency than the received 

SH-wave signal, pernlitting additional separation of the two signals by low pass filtering. 

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significalltly greater than tlle 

dinlension of the fluid a~u~ulus surrounding the probe, preventing significant energy 

transmission tluough the fluid medium. 

In operation, a distinct, repeatable pattern of iinpulses is generated at each depth as follows: 

1. The source is fired in one direction producing dominantly horizontal shear with sonle 

vertical coinpression, and the signals from the horizolltal receivers sih~ated parallel to the 

axis of inotioil of the source are recorded. 

2. The source is fired again in the opposite direction and the horizontal receiver signals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded. The repeated 

source pattern facilitates the piclcing of the P and SH-wave arrivals; reversal of the source 

changes the polarity of the SH-wave pattern bt~t  not the P-wave pattern. 

The data from each receiver during each source activation is recorded as a different channel on 

the recording system. The Suspension PS system has six channels (two simn~~ltaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six chanilels with 

a colml~on time scale. Data are stored on disk for fui-tl~er processing. Up to 8 sampling sequences 

can be sununed to iinprove the signal to noise ratio of the signals. 
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Review of the displayed data on the recorder or coillp~~ter screen allows the operator t o  set the 

gains, filters, delay time, pulse lengtl~ (energy), saillple rate, and suilming llumber to optiinize 

the q~~al i ty  of the data before recording. Verificatioil of the calibration of the Suspei~sion PS 

digital recorder is perforined every twelve ilionths using a NIST traceable frequency source and 

couilter, as outliiled in Appendix B. 
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MEASUREMENTPROCEDURES 

Suspension Measurement Procedures 

Six 4 718-incl~ uncased borings filled wit11 fresl~water drilling mnud were logged. Measurenlents 

followed the GEOVision Procedure for P-S Suspensioll Seisnlic Velocity Logging, revision 1.4. 

Prior to each logging run, the probe was positioned with the top of the probe at the top of the 

drilling illud tub, ground surface, or other stationaly reference point. Subsequently, the electronic 

depth counter was set to 8.2 feet, tlle distance between the mid-point of the receiver and the top 

of the probe, illinus the heigllt of the stationaly reference point, as verified with a tape measure, 

and recorded on the field logs. T11e probe was lowered to the bottom of the boring 01- uiltil the 

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as 

sunmlarized in Table 2. 

At each measurement depth the measurement sequence of two opposite l~orizontal records and 

one vertical record was performed, and the gains were adjusted as required. T11e data from each 

depth were viewed on the colllputer display, checlted, and recorded on disk before lnoving to the 

next depth. 

Upon conlpletion of the measurements, the probe zero depth indication at tlle stationaiy 

reference point was verified and recorded on the field logs prior to reinoval from the  boring. 

Field data were backed up to USB flash drive each day upon con~pletion of data acquisition. 

Table 2. Logging dates and depth ranges 

R-09-022 

R-09-025 

R-09-028 

GEOVision Report 9375-01 rev a Page 10 of 72 

SUSPENSION PS 1 
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SUSPENSION PS 1 
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3.3 - 162.4 

3.3 - 160.8 

3.3 - 162.4 

175 

175 

175 

1.6 

1.6 

1.6 

1 1 /02/2009 

1 1 /05/2009 

1 1 /06/2009 



DATA ANALYSIS 

Suspension Analysis 

Using the proprietaiy OYO program PSLOG.EXE version 1.0, the recorded digital waveforlns 

were analyzed to locate the lnost promillent first niininia, first maxima, or first break on the 

vei-tical axis records, indicating the ail-ival of P-wave energy. The difference in travel tillie 

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate tlie P-wave velocity for 

that 3.3-foot segment of the soil colunln. When observable, P-wave arrivals 011 tlie l~orizontal 

axis records were used to verify the velocities deternlined fi-01-11 the vertical axis data. The tiine 

piclts were then trailsfelred into an EXCEL teinplate (EXCEL version 2003 SP2) to coinplete the 

velocity calculations based on the arrival time piclts made in PSLOG. 

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-Rl) was also piclted 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived from the travel time between receivers. In this analysis, the depth values as recorded 

were increased by 4.53 feet to coi-respond to the mid-point of the 6.33-foot S-Rl interval. Travel 

tinles were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting 

0.35 milliseconds, the calculated and experimentally verified delay fro111 source trigger pulse 

(beginning of record) to source iinpact. This delay correspoiids to the duration of acceleration of 

the solenoid before inlpact. 

As with the P-wave records, using PSLOG, the recorded digital waveforins were analyzed to 

locate the presence of clear SH-wave pulses, as indicated by the presence of opposite polarity 

pulses on each pair of horizoiital records. Ideally, tlie SH-wave signals froin the 'nonn~al' and 

'reverse' source pulses are very nearly inverted iinages of each other. Digital FFT - IFFT lowpass 

filtering call be used to remove the ligher frequency P-wave signal fioin the SH-wave signal. 

Generally, tl~e first n~axinla were piclted for the 'normal' siglials and the first nlinilna for the 

'reverse' signals, altl~ougli other points on the waveforin were used if the first pulse was distorted. 

The absol~~te arrival time of the 'nolmal' and 'reverse' signals nlay vary by +I- 0.2 milliseconds, 

due to differences in tlie actuation time of the solenoid source caused by constant i~~echanical 

bias in the source or by boring inclination. This variation does iiot affect the R1-R2 velocity 
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determinations, as the differential time is measured between arrivals of waves created by the 

same source actuation. The final velocity value is the average of the values obtained froin the 

'norn~al' and 'reverse' source actuations. 

As with the P-wave data, SH-wave velocity calculated from the travel time over the 6.33-foot 

interval from source to receiver 1 was calculated and plotted for verification of tlle velocity 

derived from the travel time between receivers. In this analysis, tlle depth values were iacreased 

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-Rl interval. Travel times were 

obtained by piclting the first break of the SH-wave signal at the near receiver and subtracting 

0.35 milliseconds, the calculated and experinlelltally verified delay from the beginning of the 

record at the source trigger pulse to source impact. 

These data and analysis were reviewed by Robei-t Steller as a component of GEOVision's in- 

house QA-QC program. 

Figme 2 sllows an example of R1 - R2 n~easurelneilts on a sanlple filtered suspension record. In 

Figt~re 2, the time difference over the 3.3-foot interval of 1.88 milliseconds for the horizontal 

signals is equivalent to an SH-wave velocity of 1745 feetlsecond. Whenever possible, time 

differences were deternulled from several phase points on the SH-waveforil records to verify the 

data obtained from the first arrival of t l~e  SH-wave pulse. Figure 3 displays the same record 

before filtering of the SH-wavefor111 record with a 1400 Hz FFT - IFFT digital lowpass filter, 

illustratillg the presence of lligller frequency P-wave energy at the beginning of the record, and 

distoi-tion of the lower frequency SH-wave by residual P-wave signal. 
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RESULTS 

Suspension Results 

Suspension R1-R2 P- and SH-wave velocities are plotted in Figures 4, 5 ,  6, 7, 8, and 9. The 

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8, 

respectively. These plots and data are included in the EXCEL analysis files transnlitted 

separately. 

P- and SH-wave velocity data fi-om R1-R2 analysis and quality assurance analysis of S-Rl data 

are plotted togetller in Figures A-1 tl~rough A-6 to aid in visual conlparison. It sl~ould be noted 

that R1-R2 data are an average velocity over a 3.3-foot segment of the soil colunx~; S-R1 data 

are an average over 6.33 feet, creating a significant smoothing relative to the R1-R2 plots. S-R1 

data are presented in Tables A-1 tluough A-6, and included in the EXCEL analysis files. 

Calibration procedures and records for the suspension PS meas~u-ement systenl are presented in 

Appendix B. 
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SUMMARY 

Discussion of Suspension Results 

Suspensiolz PS velocity data are ideally collected in an ulzcased fluid filled boring, drilled with 

rotary inud (rotaly wash) metlzods, as were tlzese borings. Thus data collected in these uncased 

borilzgs was of veiy good quality. 

Suspension PS velocity data quality is judged based ~lpoiz 5 criteria: 

1. Consistent data between receiver to receiver (R1 - R2) and source to receiver (S - R1) 

data. 

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated 

soils) 

3. Consisteizcy between data from adjacent depth intervals. 

4. Clarity of P-wave aizd SH-wave onset, as well as dainping of later oscillations. 

5. Colzsistency of profile between adjacent borings, if available. 

These data slzow good correlation between R1 - R2 and S - R1. Additionally, there is a good 

coi-relatioiz between P-wave and SH-wave velocities, as both slzow similar velocity il~flections. 

Data from adjacent depth intervals are generally similar. P-wave and SH-wave onsets are clear 

and later oscillations are well damped. 

Velocity profiles between borings in the study area are generally similar. All borings exhibit SH- 

wave velocities ranging froill approximately 200 - 300 fps near the surface, increasii~g to over 

1,000 fps at depth. All borings sllow an increase to water velocitiesin the P-wave profiles at 10 - 

20 feet below ground surface (bgs). Adjacent borings R-09-007 aizd R-09-014 show a similar 

decrease in P-wave velocity at approxiinately 45 - 55 feet bgs wlziclz typically indicates an 

organic-rich zone. 
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Quality Assurance 

These boring geopllysical meas~~remeilts were perforined using industry-staildard or better 

ilzetl~ods for nleasuremeilts and analyses. All work was perfornled under GEOVision quality 

assurance procedures, wllicl~ include: 

Use of NIST-traceable calibrations, where applicable, for field and laboratory 

iilstru~llelltatioll 

0 Use of standard field data logs 

0 Use of independellt verification of velocity data by co~l~parison of receiver-to-receiver and 

source-to-receiver velocities 

Indepeildeilt review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 

Suspension Data Reliability 

P- and SH-wave velocity measurement using the Suspension Method gives average velocities 

over a 3.3-foot interval of depth. This high resol~ltion results in the scatter of values shown in the 

graphs. In uilcased borings, individual measurenlents are very reliable, with estinlated precision 

of +I- 5%. Standardized field procedures and quality assurance cl~eclcs contribute to the 

reliability of the data. 
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4 or 7-Conductor cable OYO PS-170 or 

Head Reducer 

Flash drive 

Upper Geophone 

Lower Geophone 

Source Driver 

Overall Length - 25 ft 

Figure 1: Concept illustration of P-S logging system 
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Figure 2: Example of filtered (1400 Hz lowpass) record 
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Far HN 
9.918 

Far HR 
18.146 

Far U 
5.555 

Near HN 
8.838 

Near HR 
8.268 

Near U 
5.095 

Figure 3. Example of unfiltered record 

GEOVision Report 9375-01 rev a Page 18 of 72 November 11, 2009 



SCHUYLER HElM BRIDGE BORING 8189407 
Recelver to Recelver V, and V, Analysis 

+Near-Far Receivers. Vs 

I I I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 l l l l l l I I I I I  

0 4 808 2060 3000 4000 5000 6000 7000 
VELOCITY (Ws) 

Figure 4: Boring R-09-007, Suspension R1 -R2 P- and SH-wave velocities 
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 

Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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SCHldYLER HElM BRIDGE BORING R-08-844 
Receiver to Receiver V, and V, Analysis 

-+- Neal-Fa1 Receivers, Vp 

I 1 1 t 1 1  

Figure 5: Boring R-09-014, Suspension R1-R2 P- and SH-wave velocities 
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 

Midpoint Between 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 

GEOVision Report 9375-01 rev a Page 24 of 72 November 11, 2009 



ip. 

!! 400 

SCHMYLER HElM BRIDGE BORING R494%? 
Recelver to Receiver V, and V, Analyfrla 

Figure 6: Boring R-09-021, Suspension Rl-R2 P- and &-wave velocities 
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHIJYLER HElM BRIDGE BORING R-09-022 
Receiver ta Receiver V, and V, Analysis 

+ Near-Far Receivers. Vs 

2000 4000 8008 8000 
VELOCITY (Ws) 

Figure 7: Boring R-09-022, Suspension R1-R2 P- and SH-wave velocities 
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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SCHUYLER HElM BRIDGE BORING RlgB-Ct25 
Receiver to Receiver V, and V, Analysis 

Figure 8: Boring R-09-025, Suspension R1-R2 P- and SH-wave velocities 
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHMYLER HElM BRIDGE BORING R49-028 
Reeelver to Recelver V, and V, Analyslsr 

Q 4 000 2000 3QQQ 4600 6000 QOOQ 'PQQO 
VELQCITV {Ws) 

Figure 9: Boring R-09-028, Suspension R1-R2 P- and &-wave velocities 
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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APPENDIX A 

SUSPENSIQN VELOCITY MEASUREMENT 
QUALITY ASSURANCE SUSPENSION SOURCE 

TO RECEIVER ANALYSIS RESULTS 
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SGHUYLER HElM BRIDGE BBRIMG R49487 
Sowee to Racgtlvgtr and Receiver to Racslver Analyasls 

0 

-J- Soi~rce-Near Receiver, Vs 

Near-Far Receivers, Vp 

Figure A-1 . Boring R-09-007, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-I .  Boring R-09-007, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Betweensourceand Betweensourceand 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Between Source and Between Source and 
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SCHMYLER HElM BRIDGE BORING R-09-014 
SQUTC~ to Receiver and Receiver %Q Receiver Analysls 

Source-Near Receiver, Vs 

Near-Far Receivers. Vp 

Q 1000 2000 3000 4000 5000 BQQQ SBQQ 
VELOCITY [Ws) 

Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-2. Boring R-09-014, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 

Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 

GEOVision Report 9375-01 rev a Page 47 of 72 November 11, 2009 



SCHMYLER HElM BRIDGE B43RINQ R49421 
Ssuree to Receiver and Reeelver to Receiver Analysis 

Q 

-o- Source-Near Receiver. V s  

Near-Far Receivers, Vp  

? ; ; ;  ; + i i i - i i i i  -- i ; i - - i i i - - - i i - - i - - i i - t i  - - - i  i  : i  ; i - - i  -- i i - f  

Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 

Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHMYLER HElM BRIDGE EEQRIMO R43-022 
Saurcr tn Rrcelvrr and Recelver Is Recelver Analpls 

-0-Source-Near Receiver? Vs 

Near-Far Receivers, Vp 

Figure A-4. Boring R-09-022, R1 - R 2  high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Depth at Midpoint 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Depth at Midpoint Depth at Midpoint 
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SCHUYLEW HElM BRIDGE BORING 8188425 
Saures to Receiver and Receiver to Rscslvsr Analyslas 

8 

Near-Far Receivers, VI:, 

8 2000 4QQ0 6000 8000 

VELOCITY (ftfs) 

Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis 
and S - R l  quality assurance analysis P- and &-wave data 
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLER HEIM BRIDGE BORING R49428 
Source to Rseelver and Rneelvsr ts Reeslvsr Ansrlysls 

-c- Source-Near Receiver. Vs 

Near-Far Receivers. Vp 

W 

- 

Figure A-6. Boring R-09-028, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-6. Boring R-09-028, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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APPENDIX B 

BORING GEOPHYSICAL LOGGING 
SYSTEMS - NlST TRACEABLE CALIBRATION 
PROCEDURES AND CALIBRATION RECORDS 
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S 0 N E S 1'" Calibration Report 

Metrology 
7700 F e n ~ i c l i  Lane 
Westminster, CA 92683 
''loll Free: 866-723-2257 

GEOVision Geophysical Services 
1124 Olylnpic Drive 

Corona, CA 92881-3390 

Manufacturer: o y o  
Model Number: 3403 
Description: Unit, Suspension Telemetry 

Asset Number: 160023 
Serial Number: 160023 

Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

8 ' V , U " L  I.", I I Y L .  U U  I L Y  

Page 1 of 4 

Lab Code: 105014-0 

Ambient Temuerature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 
Calibration Due Date: 0711 712010 
Calibration Interval: 12 Months 

Remarlts: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards Utilized 

&2eG+zzf: Branson, C~a ig  A Metrologist 714-895-0714 
-- -- -- -- -- 

Nnmc Title P~IUIIC Nnlnc 

Due Date 

07/29/2009 

1 1/04/2009 

Calibration Performed By: 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the  client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NlSTlNVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISO/IEC 17025:2005, ANSI/NCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the ~ n c e r t a i @ ~ ~ $ ~ ~ ~ ~ h , " ~ ~ ~ p # & d ~ $ ~ ; ; , " ~ i n t y  of the measurement, where k=2. 
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Gal.-Date 

01/29/2009 

05/04/2009 

Quality Reviewer: 
/" 

I.D. $40. 
SI-01252 

S1-01347 

_. - .I 

01/24/2009 1 01/24/2010 

~ ? ~ d i i l ~ o p ~ ;  :.I- -, -- :C :- 

5 3 3 5 ~  OPT 010,203o40 

3325A 

h i lanu fa~ tu re~  --- : - '. 

Hewlett Packard 

Hewiett Packard 

. - 
@s~fipAion;-- , - Y -  .--- A : -- - . -- - 

Counter, Universal 

Generator, Function, Synthesizer 

ST-03686 91 0 Fluke Standard, Frequency, Controlled, Gps 



M!r,iCnlr CPM: Ircrsio!t 2.1.2 (P~.o{~rsio,!nlJ 
Src DUI: (9S48AF3D-C74D-~IC9F-~IEEF-.7IEF56OBC4Sl (c) 

Doc DUI: (,1UIOF47E-.ICSI;-4650-91CB-,10S/172E36lCI] (0) 

Test No. 573794 
Custoln Specification Report 

Asset No. 160023 Oyo 3403 Unit, Suspellsion Telemetry, Page 2 of 4 

ATTACHMENT 2 
Page 1 of 2 

STEP 
NUM 

- -- 

-- 

. - 

Customer 
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CALIBRATION 
TOLERANCE -- 

49.50 to 50.50 Hz 
[EMU 0.0002501 -- 

99.0 to 101.0 Hz 
[EMU 0.000500] 

---- 

198.0 to 202.0 Hz 
[EMU 0.001000] 

November 11, 2009 

495.0 to  505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000] 

--pp- -- - - 

1980 t o  2020 Hz 
[EMU 0.010000] 

-- -- 

49.50 t o  50.50 H Z  
[EMU 0.0002501 -A 

99.0 to 101.0 Hz  
[EMU 0.000500] ---- 

198.0 t o  202.0 H z  
[EMU 0.001000] 
-PA-- 

495.0 to 505.0 H z  
[EMU 0.0025001 ---- 

990 t o  1010 Hz 
[EMU 0.005000] 

1980 t o  2020 Hz  
[EMU 0.010000] 

49.50 to  50.50 H Z  
[ E r n  0.000250] --- - 

99.0 to 101.0 H z  
[EMU 0.0005001 

Out 
of 

To1 

- 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

ASLEFT 

Same 

Same 

Same 

500.0 

I000 

2000 

50.00 

100.0 

200.0 

500.0 

1000 

2000 

50.00 

400.0 

AS FOUND 

50.00 

100.0 

200.0 

FUNCTION 
TESTED 

CH HN 
Frequency 
Sine Wave 

I 

I 

- 

198.0 t o  202.0 Hz 
[EMU 0.001000] 
--- - 

495.0 t o  505.0 Hz  
Same [EMU 0.002500] I-- 200.0 Hz 

-- 

500.0 Hz 
------ 

Remarks: 

500.0 Hz  

1000 Hz  

2000 Hz  

50.00 Hz  

100.0 Hz  

200.0 Hz  

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

NOMINAL 
VALUE 

50.00 Hz  

100.0 Hz  

200.0 Hz  

-- 

200.0 

500.0 

I 

I 

I 
--- 

CH HR 
FI equency 
Sine Wave 

1 

I 

I 

I 

I 
----- 

CH V 
Frequency 
Sine Wave ----- 

I 



,+~ , , , lc , ,~~ cpM: Vcrsio,~ 2.2.2 (Projcrrrioru~~ ATTACHMENT 2 Customer 
Src DUI: (95JMF3D-C74D-4C9FF/1EEF-.'IEF56OBCJ51) (c) 

D o c  DUI: (~lB1OF47E-4C5F-4650-9ICB-AO5.~172E361Cl) (0) Page 2 of 2 
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Test No. 573794 
Custom Specification Report 

Asset No. 160023 Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4 

Out 
STEP FUNCTION NOMINAL AS FOUND ASLEFT of 

CALIBRATION 

NUM TESTED To1 TOLERANCE 
pp-- 

VALUE 
- 

---- 

CH V 990 to 1010 HZ 
Flequency 1000 Hz 998.9 Same 
Sine Wave 

[EMU 0.005000] 
- 

1980 to 2020 Hz 
I 2000 Hz 2000 Same pMU 0.010000] 

--- 
I 

-- 

-- 

--- 

---- 

-- ---A- 

--- - 

-- - -~ 

- -- - 

_ _ _ _ -  

- - ______-- 

I 

- 

______-_ 

- -- t---:- _ _ _ _ _ _ -  

-- 
Rernarlts: 

- 

- 

- 

- 



SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: OYO Model no.: 3403 
Serial no.: 160023 Calibration date: 711 712009 
By: Craig Branson Due date: 711 71201 0 

Counter mfg.: Hewlett-Packard Model no.: 5335A 
Serial no.: 2626A09881 Calibration date: 1/29/2009 
By: SCE #S1-01252 Due date: 712912009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 
By: SCE #S1-01347 Due date: 1 1 I412009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 

8 
10KHz 
See sample period in table below 

Delay: 0 
Stack (1 std) 1 
System date = correct date and time 711 712009 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*100)% As found -0- f / ',( As left -0. 1 I "[ 

Calibrated by: 

Witnessed by: Robert Steller 711 712009 
Name Date Signature 

Suspension PS Seismic RecorderlLogger Calibration Data Form Rev 2.0 July 21 ,2008 
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Average 
Frequency 

V (Hz) 
So,eso 
/@so 
Leo . s  
500.6 
998 ,  cj 

Page 68 of 72 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

November 11, 2009 

Time for 
9 cycles 

Hn (msec) 
lg0 .00  

~ Q C W  
45.00 
/ ~ . D O  
9.000 
4,500 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Average 
Frequency 

Hn (Hz) 
50.00 
/oa .b  
zOb.0 

C0s.o 
/O@O 

'kern 

Sample 
Period 

(micros) 
200 
100 
50 
20 
10 
5 

Time for 
9 cycles 

Hr (msec) 
/ ~ O . C P ~  

9@,0a 
45. 
/ti.- 
9.Qoo 
g4.506 

File 
Name 

401 
402 
403 
404 
405 
406 

Average 
Frequency 

Hr (Hz) 
o ,  

/os .o  
206.0 
5 o s . o  

/&A90  

2 6 6 0  

Time for 
9 cycles 

V (msec) 
I b ~ . o o  
C P o , ~ ~  
q5.0" 
/ g . o o  

9 .  o / O  
bp, $00 



"' Calibration Report 
Page I of 4 

GEOVision Geophysical Sel-vices 
1124 Olympic Drive 

Corona, CA 9288 1-3390 

I 'o l l  1:ri.c: 866-72.3-2257 
L a b  Code: 105014-0 

Manufacturer: oyo  
Model Number: 3403 
Description: Unit, Suspension Telemetry 

Asset Number: 160024 
Serial Number: 160024 
Cal. Procedure: Customer 

PO Number: 9200-0907 16-01 

Ambient Temaerature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 

Calibration Due Date: 0711712010 

Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by  Metrology Engineering and documented 
i n  SCE Document MO13987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards TJtilized - - -. - - -. . . - . - - . - - - - 

( I.D. No. 1-~an~facturer . I ~ o d e l  No. ' - - _(besciiption' -\ - I Cat. Date ( pue Date 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISOIIEC 17025:2005, ANSllNCSL 2540-1-1994 and 10CFR50, Appendix 6. Where uncertainties are provided, 
the uncerta t ted i the ex anded uncertainty of the measurement, where k=2. 
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S1-01252 

S1-01347 

S1 -03686 

- -  

Hewlett Packard 

Hewlett Packard 

Fluke 

5335A OPT 010,203040 I Counter, Universal 

3325A I Generator, Function, Synthesizer 

91 0 I Standard, Frequency, Controlled, Gps 

01/29/2009 

05/04/2009 

01/24/2009 

07/29/2009 

11/04/2009 

01/24/2010 



Test No. 573795 
Asset No. 160024 

Custom Specification Report 
Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

STEP 
NUM 

1 100.0 / Same / I 99.0 to 101.0 Hz 
100.0 Hz  [EMU 0.000500] 

Sine Wave 
I F E U ~ ~  k . O ! H z  1 50.00 

198.0 to 202.0 Hz 
200.0 Hz  Same I I [EMU 0.001000] 

FUNCTION 
TESTED 

Same 

/ 1oooHz 1 1000 / same 
990 to 1010 Hz  1 1 [EMU 0.0050001 

NOMINAL 
VALUE 

49.50 to 50.50 Hz 
[EMU 0.000250] 

-___-4_________ 

A \  -. 

1 2000 Hz / 2000 1 same 
1980 to 2020 Hz / I [EMUO.OlOOOO] 

CALIBRATION 
TOLERANCE ASFOUND S E T  -1 

-- 

I Reyuency CHHR 1 50.00 Hz 1 50.00 1 Same 49.50 to 50.50 Hz 
Slne Wave 1 I [EMU 0.000250J 

-. 

500.0 Hz  500.0 

100.0 Hz  

200.0 Hz 
-- 

1 1001 1 Same 
990 to 1010 Hz  ( I [EMU 0.0050001 

Same 

100.0 

500.0 Hz  
-- --. 

, 
2 0 0 O H  2000 1 ,Same 1 1 lg80 2020 Hz 

[EMU 0.010000] 
-. - 

Frequency 
49.50 to 50.50 Hz  

50.00 Hz 50.00 Same 
Sine Wave [EMU 0.000250] 

-- 

495.0 to 505.0 Hz 
[EMU 0.002500] 

Same 1 1 99.0 to 101.0 Hz 
[EMU 0.000500] 

200.0 

I I 
99.0 to 101.0 Hz 

I 1 _ _.__ -_ _-_____ i [EMU 0.000500] 
- 

500.0 

I 200.0 Hz 200.0 Same 
198.0 to  202.0 Hz  
[EMU 0.001000] 

I 
495.0 to 505.0 Hz  

500.0 Hz 500.0 Same [EMU 0.002500] 

Same 

Remarlts: 

.- -- 

198.0 to 202.0 Hz 
[EMU 0.001000] 

- -- 

Same 

A,iurlC,~irts CPAJ: I'osion 2.2.2 (Profprsio~tnlJ ATTACHMENT 2 Customel- 
92 Dm:  /PS4SAF3D-C7JD-JC9F-AEEFF21EI;560BC45I) (c) 

Doc DUI: (1169COB2-3A13-JIG,l-BIBF-J0~D9887DDDA) (0) Page 1 of 2 

495.0 to 505.0 Hz 
[EMU 0.0025001 
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A41tdCnl~ CPM: I1e,rio,r 7 2 . 2  [Projersioi~ul) 
SIT DUI: { ~ ~ ~ ~ , ~ F ~ D - C ~ J D - ~ C ~ F - I I B B F - ~ ~ B I : ~ ~ O B C ~ ~ ~ ]  [c) 

Doc DUI: (1269COBI-3A 13-416A-8lBF-409D9887DDDd] (0) 

Test No. 

ATTACHMENT 2 
Page 2 of 2 

573795 

Customer 

GEOVision Report 9375-01 rev a Page 71 of 72 November 11, 2009 

Custom Specification Report 

Out 
of 

TOI 
- 

.- -~ 

Telemetry, 

ASLEFT 
- 

Same 

Same 

-- 

- 

Page 3 of 4 

CALIBRATION 
TOLERANCE 

990 to 1010 Hz 
[EMU 0.005000] 

- 

1980 to 2020 Hz 
[EMU O.OlOOOO] 

- 

- 

-- 

-- 

- 

- - - 

-- -- - 

Unit, Suspension 

AS FOUND 

1000 

2000 

- 

- 

Oyo 3403 

NOMINAT, 
VALUE 

- 

1000 Hz 

2000 Hz 
- 

- PA-- 

-- 

Asset No. 

STEP 
NUM 

- 

-- -- 

- 

-- 

- 

160024 

FUNCTION 
TESTED 

CH V 
Requency 
S ~ n e  Wave 

I 

-- 

- 

- 

- 

-. 

- - 



SUSPENSION PS SEISMIC LOGGEWRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: 
Serial no.: 
By: 

OYO Model no.: 3403 
160024 Calibration date: 711 712009 
Craig Branson Due date: 711 71201 0 

Counter mfa.: Hewlett-Packard Model no.: 5335A " 

Serial no.: 
Bv: 

2626A09881 Calibration date: 1 I2912009 
SCE #S1-01252 Due date: 7/29/2009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 
By: 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 

2652A25647 Calibration date: 51412009 
SCE #S1-01347 Due date: 1 1 I412009 

See sample period in table below 
Delay: 0 
Stack (1 std) 1 
System date = correct date and time 711 712009 / 0 3 1  

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*100)% As found 

Calibrated by: Craig Branson 711 712009 -2- 
Name Date V~ignature 

Witnessed by: 

Average 
Frequency 

V (Hz) . 
59. 00 
i o 0 . 0  
200.0 
3 80. o 
- 
/ B O O  
Z s w B  

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

GEOVision Report 9375-01 rev a Page 72 of 72 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

November 11,2009 

Sample 
Period 

(micros) 
200 
100 
50 
2 0 
10 
5 

File 
Name 

501 
502 
503 
504 
505 
506 

Time for 
9 cycles 

Hn (msec) 
180.00 

90.00 
hlL9.95 
Ib.0o 
4 . ~ 0 0  

Y,s 'bo  

Time for 
9 cycles 

V (msec) 
la@. O@ 

90.00 
L / ~ . O B  
~~.~~ 

Cg-DQQ 
q-500 

Average 
Frequency 

Hn (Hz) 
50.00 

/ O D , Q  

2~0.7- 
500.0 

/ O o O  

Lase 

Time for 
9 cycles 

Hr (msec) 
180.00 
q q o o  
q5.00 
(3.06 

K.S?Ls 
q . 4 0 0  

Average 
Frequency 

Hr (Hz) 
5 0 . ~ 0  
/ O D . @  

ZQo.0  

5w.8 
/ d o /  
Zoeo 



APPENDIX C. LABORATORY SOIL TEST RESULTS 



SUMMARY OF LABOMTORY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008 

PROJECT NO.: 06-j23-03 CLIENT: Earth Mechanics, Inc 

DATE: 11/23/2009 SUMMARIZED BY: JT 



l1.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1-?h" %" 3/8" #4 # I 0  #20 #40 # I  00 #200 

GRAVEL 

1 0.1 

GRAIN SIZE (mm) 

COARSE I FINE ICOARSI MEDIUM I FINE 

SAND SILT OR CLAY 

SYMBOL 

EGL Project No: 09-230-008A 

GRAINSIZE 

, . . , . . . . . .-... ::.;.:.' &.;::.;::,. ENVl RON MENTAL . . . . -74-  - . . . . ., ....... . zz-yg . . . . . . GEOTECHNOLOGY 
(..*...I .r 
.WH"T ,, LABORATORY 

I DISTRIBUTION CURVE 

BORING 
No. 

R-09-033 

Project Name: 
ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job No: 06-1 23-03 

11 2/21 109 (ASTM D422) FlGUl 

SAMPLE 
No. 

U-04 

DEPTH 
(FT) 

20 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

CH 

LIQUID 
LIMIT 

61 

PLASTICITY 
INDEX 

3 5 







GRAVEL 

SYMBOL 

SAND SILT OR CLAY 

BORING 
No. 

R-09-033 

COARSE I FINE ICOARSI MEDIUM I FINE 

I I  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 3/qll 3/8" #4 # I0  #20 #40 # I  00 #ZOO 
100 

90 

80 

t- 
I 
C3 - 70 

& 60 

K 
w 
z 50 
u 
t- 
Z 
W 

40 
0 
n: 
W 
a 30 

20 

10 

0 
100 10 1 0.1 0.01 0.001 

GRAIN SIZE (rnrn) 

. . . . . . . . . .-,... 
i::i-&.:i,:;:j;, ENVl RON MENTAL ,.;;;.... ;, """ 
eq@Y GEOTECHNOLOGY 
7:e&&:7 - LABORATORY 

SAMPLE 
No. 

D-12-1 

Project Name: 
ACTA Heirn Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job No: 06-1 23-03 

EGL Project No: 09-230-008A 

GRAINSIZE 
DISTRIBUTION CURVE 

12/21/09 (ASTM 0422) FIGURE 

DEPTH 

(FT) 

60 

SAMPLE 
TYPE 

Ring 

SOIL 
TYPE 

SM 

LIQUID 
LIMIT 

N/A 

PLASTICITY 
INDEX 

NIA 



GRAVEL 

SYMBOL 

SAND SILT OR CLAY 

BORING 
No, 

R-09-033 

COARSE I FINE ICOARSl MEDIUM I FINE 

I1  S STANDARD SIEVE OPENINC: U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1-X" 3/q" 3 / * . 1  #4 #I0 #20 #40 #I00 $200 
100 

90 

80 

+ 
I 
G! 70 

4 
& 60 

rY: 
W 
z 50 
LL + 
z 
W 

40 
0 
ry: 
w 
a 30 

20 

10 

0 
100 10 1 0.1 0.01 0.001 

GRAIN SIZE (mm) 

. . . . . . , . . .-.... 
..:.:.::%:.':.'::. ENV~ RON MENTAL .. . . -- -2::;::. .:<;+a 
, ....... ..... , GEOTECHNOLOGY ... y..*.. 

.*..Q..r - LABORATORY 

SAMPLE 
No. 

5-1 3-1 

Project Name: 
ACTA Heim Bridge R e p l a c e m e n t  

Client: Earth Mechanics, Inc. 
Job NO: 06-1 23-03 

EGL Project No: 09-230-008A 

GRAINSIZE 
DISTRIBUTION CURVE 

1 212 1 109 (ASTM D422) FIGURE 

DEPTH 
(FT) 

6 5 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

C L 

LIQUID 
LIMIT 

38 

PLASTICITY 
INDEX 

14 



1l.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

#I0  #20 #40 #I 00 #ZOO 

GRAVEL 

GRAIN SIZE (mm) 

COARSE I FINE ICOARS I MEDIUM I FINE 

SAND 

1 project Name: 

SILT OR CLAY 

SYMBOL 

I E G L  Project No: 09-230-008A 

GRAINSIZE 
DISTRIBUTION CURVE 

12/21 109 (ASTM D422) FIGURE 

BORING 
No, 

R-09-033 

......... .-.. . . . .  ,:: :.%. ..... ............. ,..., .,:, ENVIRONMENTAL 
............A , ....... GqQ GEOTECHNOLOGY (..+.. r .r 

V M - H C  - LABORATORY 

ACTA Heirn Bridge Replacement 

Client: Earth Mechanics, Inc. 

Job NO: 06-123-03 

SAMPLE 
No. 

S-I 7-2 

DEPTH 

(FT) 

90.6 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

C L 

LIQUID 
LIMIT 

33 

PLASTICITY 
INDEX 

I 1  



DEPTH SAMPLE SOIL LIQUID PLASTIC 
SYMBOL BORING NO SAMPLE NO 

(FT) TYPE TYPE LIMIT INDEX 

R-09-033 S-16 80 Bag SM NIA NIA 



I 1  S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" I-%" 3/4'' 3/81. #4 # I 0  #20 #40 #60 # I 0 0  #200 

F 
Z 
W 

40 

0 

5 
a. 30 

20 

10 

0 

100 10 1 0.1 0.01 

GRAIN SlZE (mm) 

......... .- ....c :., ............ ENVIRONMENTAL :....-. """' ....... .......... ........ 
%& GEOTECHNOLOGY 
y:z.G.AF - LABORATORY 

PLASTIC 
INDEX 

NIA 
- 

SYMBOL 

Project Name: 
ACTA Heim Bridge Replacement 

Client Job No.: 06-1 23-03 

Client Name: Earth Mechanics, Inc. 
EGL Project No: 09-230-008A 

GRAIN SlZE 
DISTRIBUTION CURVE 

Dec-09 (ASTM D422) FIGURE 

BORING NO 

R-09-033 

SAMPLE NO 

S-19 

DEPTH 

(FT) 

100 

SAMPLE 
TYPE 

Bag 

SOIL 
TYPE 

SM 

LIQUID 
LIMIT 

NIA 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008A 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1213 8/2009 Summarized By: RJ 



SUMMARY OF LABORATORY TEST RESULTS 
POCKET PENETROIVlETER 

PROJECT NAME ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A 

PROJECT NO: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/22/2009 SUMMARIZED BY: JT 



SUMMARY OF LABOWTORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/22/2009 SUMMARIZED BY: JT 



0 -. 
0 1000 2000 3000 4000 5000 6000 7000 8000 

NORMAL PRESSURE (PSF) 

Normal Initial Final 
Stress Moisture Moisture 
(psf) ("/.I ("/.I 

2400 21.4 26.4 
4000 21.4 25.8 
8000 21.4 25.5 

Boring No.: 

R-09-033 

Project Name: 
......... ............ ENVIRONMENTAL ACTA Heirn Bridge Replacement 

GEOTECHNOLOGY Client: Earth Mechanics, Inc. 

Project No: 06-1 23-03 

DIRECT SHEAR 

Sample 
No. 

D-07 

Depth (ft) 

3 5 

Sample 
TY pe 

Ring 

Soil Type 

SP-SM 

Symbol 

0 

Cohesion 
(PSF) 
286 
138 

Friction 
Angle 

34 
3 0 



1 I 0  

COMPRESSIVE STRESS (KSF) 

ACTA Heim Bridge Replacement 
Earth Mechanics, Inc. 

I CONSOLIDATION I 

Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void 
Symbol 

No. No. (Ft.) Type Content (%) Density (PCF) Ratio 

O R-09-033 U-03 15.0 CL-ML 47.8 77.3 1.179 



10 100 

LOG OF TlME (MINUTE) 

10 20 30 

SQUARE ROOT OF TlME (MINUNTE) 

Boring No: R-09-033 

Sample No: U-03 

Depth (ft): 15 

Soil Type: CL-ML 

Normal Stress: 1.0 ksf 

l ~ r o j e c t  Name: ACTA Heirn Bridge 

I Replacement 

......... ENVIRONMENTAL Earth Mechanics, Inc ............ 

09-230-008A 

TlME DEFORMATlON CURVE 

1 2/09 (ASTM D2435) Figur 



6.6 

6.8 ' 
Z 

7.0 5 7.2 

2 w 7.4 
n 
I- 
Z 7.6 
W 
0 5 7.8 
D- 

8.0 

8.2 

0 1 10 I00  1000 10000 

LOG OF TlME (MINUTE) 

6.6 

6.8 

z 7.0 
0 
i= 4 7.2 
3 
Ilr: g 7.4 
W 

7.6 + 
z 
$ 7.8 
E 
W 
a 8.0 

8.2 

0 10 20 30 40 

SQUARE ROOT OF TlME (MINUNTE) 

Project Name: ACTA Heim Bridge 

Replacement 

Earth Mechanics, Inc 

06-123-03 

EGL Project NO: 09-230-008A 

Boring No: R-09-033 

Sample No: U-03 

TIME DEFORMATION CURVE 

12/09 (ASTM D2435) Figure 

Depth (ft): 15 

Soil Type: CL-ML 

Normal Stress: 4.0 ksf 

...... ...... :: .... ENVIRONMENTAL ........ i<3& .......-.. - ............ ............ ......... ,...... -. GEOTECHNOLOGYProjectNo: 
kiw 



I 10 

COMPRESSIVE STRESS (KSF) 

Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void 
Symbol 

No. No. (Ft.) Type Content (%) Density (PCF) Ratio 

O R-09-033 D-I 0-2 50.5 ML 27.1 95.7 0.761 

Project Name: 
ACTA Heirn Bridge Replacement 

........ ............ . ENVIRONMENTAL Client: Earth Mechanics, Inc. 
, ........... ...... ,..... ....... :<%.; GEOTECHNOLOGY 
" " Job NO: 06-1 23-03 ........... 
y : ~ ' .  LABORATORY EGL Project No: 09-230-008A 

CONSOLIDATION 





LOG OF TlME (MINUTE) 

SQUARE ROOT OF TlME (MINUNTE) 

Sample No: D-10-2 

Depth (ft): 50.5 

Soil T y p e :  ML 

Normal Stress: 4.0 ksf 

Boring No: R-09-033 

I Replacement  

Project Name: ACTA Heim Bridge 

1 TIME DEFORMATION CURVE 

......... ........ : .... ENVIRONMENTAL ..;.F ::<%?;, ... .... 
!x:* ,...... ...., GEOTECHNOLOGY 

F'w LABORATORY 

11 2109 (ASTM D2435) Figur 

Earth Mechanics,  lnc 

Project No: 06-123-03 

EGL No: 09-230-008A 



AXIAL STRAIN (%) 

Earth Mechanics, Inc. 







AXIAL STRAIN (%) 

LABORATORY Earth Mechanics, Inc. 







Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) ( P C ~  

R-09-034 D-04 2 0 24. I 98.5 

R-09-034 S-05 25 26.6 NA 

R-09-034 5-07 35 33.5 NA 

R-09-034 D-12 60 26.7 117.8 

R-09-034 S-13 65 26.6 N A 

R-09-034 D-16 80 21 .I 98.3 

R-09-034 S-I 8 100 34.9 NA 

R-09-034 S-20 120 13.3 NA 

R-09-034 5-22 150 14.6 NA 

MOISTURE AND BENSlTV TEST RESULTS 

Client Name: Earth Mechanics, Inc. Laboratory No.: 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-123-03 



Laboratory No.: 

Date: 

Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-034 D-02 I 0  0.31 

R-09-034 U-03 16 1.38 

R-09-034 D-I 2 60 2.96 

POCKET PENETROMETER DATA 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) (%) 

R-09-034 S-05 25 45.21 
R-09-034 D-06 3 0 5.96 

R-09-034 S-07 3 5 41.20 
R-09-034 D-10 50 42.15 
R-09-034 0-1 2 60 58.30 
R-09-034 5-1 5 75 13.73 

PERCENWASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 
I 

AP Engineering & Testing, lnc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 1 / I  9/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 11/24/09 

Checked by: AP Date: 12/01/09 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth Gravel Sand Fines 

LL:PL:PI ASTM 
(feet) D 2487 

O R-09-034 U-03 16 0.00 21.36 78.64 NIP ML 

R-09-034 S-18 100 9.40 77.23 13.37 NIA SM 

a R-09-034 S-22 150 36.20 51.38 12.42 NIA SM 



AP Engineering & Testing, Inc. 

ATERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 1 1/24/09 
Project No.: 06-123-03 Checked By: AP Date: 12/01/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

umber of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

Q R-09-034 D-02 10 62 2 9 33 CH 

R-09-034 U-03 16 NP N P NP 



AP Engineering 8r Tesfing, lnc. 

ATTERBERG LIMITS 
ASTM B 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: I 1/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 1 2/01 I09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Symbol Boring Sample Depth LL PL PI U.S.C.S 

Number Number (feet) Symbol 

R-09-034 S-07 35 NP NP NP 



AP Engineering & Tesiing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 01/06/10 
Project No.: 06-1 23-03 Checked By: AP Date: 01/08/10 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Number of Blows 

Boring Sample Depth LL P L PI U.S.C.S 
Number Number (feet) Symbol 

R-09-034 0-1 2 60 NP NP NP 



SPECIFIC GRAVITY 
ASTM D854 

AP Number: 29-1 121 

Client: Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement Data Input By: KM 

Project No. : 06-1 23-03 

OIL CLASSIFICATION 



CORROSION PEST RESULTS 

AP Engineering & Testing, Inc. 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 417 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 



AP Engineering CP. Tesiing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 111 9/09 

Boring No.: R-09-034 Date: 12/01/09 

Sample No.: D-06 Depth (ft): 30 

Description: Gray Poorly-Graded Sand wlsilt 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks 

Number Ring Wt. (ksf) Reading (psf) Reading (psf) 

1 196.74 47.59 2.0 1308 1236 

2 194.81 46.29 4.0 301 2 2376 

3 195.15 46.05 6.0 4080 3840 



AP Engineering & Testing, Inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 24.3 % 
Moisture Content (after): 

Sample Type: Cal. Mod. 
Soil Description: Gray Poorly-Graded Sand wlsilt 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters Peak Ultimate 



AP Engineering IER Testing, Inc. 

DIRECT SHEAR TEST DATA 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Tested By Date: 1 111 9/09 

Boring No.: R-09-034 Date: 12/01/09 

Sample No.: D-08 Depth (ft): 40 

Description: Gray Silty Sand 

Sample Type: Cal. Mod. 

Test Condition: Saturated 

METHOD OF SHEARING 

Shear Rate (inlmin): 

Residual Shearing 5 Passes Shear Distance (in): 

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks 

Number Ring Wt. (ksf) Reading (psf) Reading (psf) 

I 192.96 43.62 2.0 1392 1236 

2 193.96 46.65 4.0 2868 2448 

3 189.31 43.66 8.0 51 84 4800 



AP Engineering & Testing, inc. 

DIRECT SHEAR TEST RESULTS 
ASTM D 3080 

Project Name: ACTA Heim Bridge Replacement Initial Dry Density: 
Moisture Content (before): 30.2 % 
Moisture Content (after): 

Sample Type: Cal. Mod. 
Soil Description: Gray Silty Sand 
Test Condition: Saturated 

Shear Deformation (inches) 

Normal Stress (ksf) 

Strength Parameters Peak Ultimate 

Cohesion (psf): 100 5 0 



AP Engineering 4% Testing, Inc. 

UNCONSOLIDATED UNDRAlNED TRlAXlAL TEST (UU,Q) 
ASTM D 2850 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-03 Depth (feet): 16 

Soil Description Gray Silt with sand 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch): Dry Unit Weight (pcf): 

Sample Weight (gms): 1182.02 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 1373.35 Void Ratio for Gs=2.7: 

Wt. Dry Soil+Container(gms) 1071.47 % Saturation: 

Back Pressure (ksf): 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf): 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 



SUMMARY OF LABOMTORY TEST RESULTS 
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DATE: 11/23/2009 SUMMARIZED BY: JT 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008 

PROJECT NO.: 06-1 23-03 CLIENT: Earth Mechanics, Inc. 

DATE: 1 1/3012009 Summarized By: RJ 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/1/2009 SUMMARIZED BY: JT 
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Boring: R-09-035 Sample ID: U-10 Depth (ft): 50 
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COMPRESSIVE STRESS (KSF) 

Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void 
Symbol 

No. No. (Ft.) Type Content (%) Density (PCF) Ratio 

O R-09-035 U-03 15.0 ML 40.8 78.1 1.157 

Project Name: 
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coN%oLIDATIoN 
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COMPRESSIVE STRESS (KSF) 

Earth Mechanics, Inc. 

(ASTM D24-35) 

Boring Sample Depth Soil Init. Moisture 
Symbol 

No. No. (Ft.) Type Content (%) 

0 R-09-035 U-10 50.0 ML 21.6 
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ATTERBERG LIMITS 
ASTM 0-4318-84 1 CT-204 

Project No: 06-1 23-3 Project Name: ACTAlSchuyler Heim Bridge Project 

Boring Number: A-09-056 I Depth (ftlm): 10 ft I 3 m I 1 
Sarnole Number: D-2 I Descriotion: ML 

11 Pre~ared Bv: PA I Date: I Checked Bv: R.J. I Date: I 
Pulverized By: PA Date: Container Number 

Tested By: PA Date: Air: 
Computed By: JF Date: Field: 

Remark: I 

Remark: 



ATTERBERG LIMITS 
ASTM 0-4318-84 / CT-204 

. : [ Remark: I 

Project No: 06-1 23-3 Project Name: ACTAISchuyler Heim Bridge Project 

Boring Number: A-09-056 Depth (Wm): 20 1 3 m I 1 
Sample Number: D-4 Description: SM 

Prepared By: PA Date: Checked By: R.J. 1 Date: 
Pulverized By: PA Date: Container Number 

Tested By: PA Date: Air: G-2 
Computed By: JF Date: NO PLASTIC Field: 

1- 
Trial Number 

Field Moisture 1 2 3 4 1 2 

Number of Blow 
. . 

Can Number 

Wt. Wet Soil +Can (gm) 

Wt. Dry Soil +Can (gm) 

Weight of Can (gm) 

Water Content (%) 

1 Remark: I 

I 

Boring Number: A-09-054 

Sample Number: S-9 

Prepared By: PA 

Pulverized By: PA 

Tested By: PA 

Liquid Limit (LL, %): 11 Plastic Limit (PL, %): 11 Plastic Index (PI, %): 

Number of Blow 
54.0 

53.0 

52.0 

f 51.0 

50.0 
E? 
a 49.0 
ffl .- 3 48.0 

47.0 
10 20 25 30 40 50 60 70 80 90 100 

Depth (Wm): 45 1 4.5 m 1 1 
Description: ML 

Date: 

Date: 

Date: 

Checked By: R.J. Date: 

Container Number 

Air: G-9 



Amount of Material in Soil Finer Than No. 200 Sieve 
(ASTM D-1140-97) 

' Project No. : 06-123-3 Project Name : ACTAlSchuyler Heim Bridge Project 

ample No. : S-I 

., .;::,.->-, z=>.<=-., 
;:*:e,;%? ?.py- x&. . - -=-. -.=L~,- .,: 

lRemarlc : 

Wet Weight of Soil + Container (gm) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

Wt. of Dry Soil + Container (gm) 

Wt. of Container (gm) 

Wt. of Dry Soil (gm) 

U.S. Sicvc Cumulative Wt. Wt. of Dry %B Finer Liquid 
Size of Dry Soil (gm) Soil (gm) Tllan Limit 

U.S. Sieve Cumulative Weigl~t Wt. olDry ' X B  Finer "/;I Total 
Size of Dry Soil (gm) Soil (gm) Tlian Sample 

No. 16 0.02 99.97 99.97 

No. 20 1 I I I 

Obersved I E L  I Temp. Hydrometer Reading 
loo Rr I ''I Total I Grain I Correction Coemeient I Correetion 

Time Time (rnin.1 ( oC) Sample Diametcr - . . Coninositc Correction - Din. (mm) 

2 21.0 52.0 5.0 47.0 61.58 61.58 0.05500 0.01328 

5 21.0 46.0 5.0 41.0 53.72 53.72 0.03500 0.01328 

15 21.0 37.0 5.0 32.0 41.93 41.93 0.02000 0.01328 

30 22.0 31.0 5.0 26.0 34.07 34.07 0.01400 0.01328 

60 23.0 27.0 5.0 22.0 28.83 28.83 0.01000 0.01328 

120 23.0 24.0 5.0 19.0 24.90 24.90 0.00700 0.01328 

240 23.5 21.0 5.0 16.0 20.96 20.96 0.00500 0.01328 

1440 21.5 17.0 5.0 12.0 15.72 15.72 0.00100 0.01328 

Cu : 
Remark : 

Fine +k- 



US Standard Sieve Sizes Hydrometer Analysis 1 
6" 5" 4" 3"2.5"2" 15" 1" 314 112" 318" #4 #8 $10 #I6 830 M U  #50160 #lo0 #ZOO - 

- 
$ - 
U - - 
M .- 
U 

$ 
p" - 
0 

I 
c 
U 

k 

-- 

1000 100 10 1 0.1 0.01 0.001 

Grain Size (mm) 

Cobbles 
Gravel Sand 

Coarse I Fine Coarse I Medium Fine Silt or Clay 

Boring Sample Symbol 
Depth 

Number Number Soil Color Soil Description U.S.C.S. 
@ A-09-056 dark olive-gray Lean clay CL 

..- --- 
-- 

7- --r- 
Remark 0.00 

+v Mechanics, Inc= A CTA/Schuyler Heim Bridge Project 
-,, J, Ccotccl~nical nnd En~'thqual.e Engineering 

GRAIN SIZE ANALYSIS 
-- (ASTM D-422-63) 

Project No. : 06-123-3 1 Date : 12/07/09 Flgure No. : 



ONE-DIMENSIONAL CONSOLIDATION OF SOIL 
ASTM D-2435 1 CT-219 

Device No. : 2 

Project Name : ACTALSchuyler Heim Bridge Project 
Project No. : 06-123-3 Set up By : J. F 
Boring No. : A-09-056 Tested By : J.F/R.J. 
Sample No. : 0-2 Time Rate Took By : J. F 
Depth(fk1rn) :10.0 13.05 Computer By : JF Date : 12/9/2009 
File No. Checked By : R. J. Date : 
Soil Description : Dark gray, SILT (ML) 
Method ( A ) : m ~ o n s t a n t  load incremenl duration of 24 hours or multiples there for. Miniurn of two Time -deformation reading are required. 

Method ( B ) : a~irne-deformation reading are required an all load Increments. Successive load increments are applled afler 100 % primary 1 
consolidauon Is reached, or at constant time increments are described in Test Method ( A  ) 













ONE-DIMENSIONAL CONSOLIDATION OF SOIL 
ASTM D-2435 1 CT-219 

Device No. : 2 

Project Name : ACTA/Schuyler Heim Bridge Project 
Project No. : 06-123-3 - Set up By : J. F 
Boring No. : A-09-056 Tested By : J.F/R.J. 
Sample No. : 0 - 4  Time Rate Took By : J. F Date : 12/6/09,12/8/09 
Depth ( ft I rn ) : 20.0 16.10 Computer By : JF 
File No. Checked By : R. J. Date : 
Soil Descriptior : Dark gray, SILTY SAND (SM) 
Metl~od ( A ) : ~ c o n s l a n l  load increment duration of 24 hours or mulliples there lor. Minium of hvo Time deformation reading are required. 

Method ( B ) : UTime-deformation reading are required on all load increments. Successive load incremenls are applied after 100 % primary 1 
consolidation is reached, or at consianl lime increments are described in Test Melhod ( A  ) 

Weight of contai 





Log of Time (minutes) 

_iW'p. Earth NIechnnics, Inc. 
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E M  Project No. : 06-123-3 

A CTA/Schuyler Helm Bridge Project One-Dimensional Consolidation of Soil 
Time-Deformntion Curve (Log ofTimc Metl~od) 

Veritcal Load (ksflkpa) : 1.00 47.9 

Boring No. : A-09-056 

Sample No. : 0-4 

Depth (rt~m) : PO. 0 6.1 
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Boring No. : A-og-056 
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DIRECT SHEAR TEST 

ASTM D-3080-04 

Project No. : 06-123-3 Project Name : ACTAlSchuyler Heim Bridge Project 

Normal Stress (psf/ksf/kPa) 





MEASUREMENT OF SOIL CORROSIVITY 

pH of Liquid Sample 
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Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 16.7 in

Min= -10.5 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 1 - FP

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 21.4 in/s

Min= -18 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.51 g

Min= -0.43 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 11.2 in

Min= -11.8 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 6 - FP

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 30.3 in/s

Min= -18.1 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.51 g

Min= -0.37 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 



APPENDIX E. REVIEW COMMENTS AND RESPONSES 



te: MSE Wall BDA Section 

Subject: Re: MSE Wall BDA Section . 

From: Se~ulgwoon Han <seungwoon - han@dot.ca.gov> 
Date: Mon. 12 Apr 2010 12:09:05 -0400 
To: Arul Arulmoli <arulinoli@eartl~nech.con~> 
CC: Eric Brown <e.browl@eartlmech.com>, "Haitao - Liu@dot.ca.govU <Haitao - Liu@dot.ca.gov>, 
Pat Wilsoll <P.Wilson@earthn~ech.com>, Ranjan Gunaranjax <ralijan@earthmecl~.com>, Deh-Jeng 
Jang <dell-jeng J ang@dot.ca.gov> 

Arul, 

As we discussed over the phone, I summarized our comments below. Please note that all comments 
below, and our previous comments on the bridges are applicable to all the wall reports. Also, I removed 
some of comments that we resolved during discussion. If you have any questions, Please contact us. 

Comments on retaining wall reports 

1. Please revisit idealized soil profile and parameters, and revise them if necessary. Especially when 
global slope and external stability is considered, a failure tend to develop through a weak layer, which 
should be considered in the design. Therefore, layers with averaged parameters may not represent the 
weak layers. Also confirm undrained residual strength of liquefiable layers. 

2. Please provide stability analysis for each phase construction if strength increase is considered with 
phase construction. 

3. Please check allowable static long-term and short-term settlement, and seismic induced settlement 
with the Structure. Especially, caltrans standard cantilever walls may not carry the settlement estimated 
in the report. Also, when calculating bearing capacity of the standard wall, settlement should be 
considered since settlement will control the footing design for most sandy soils. 

4. Backfill material and soil corrosivity requirement should conform to our standard special provision 
(SSP) for MSE wall. The requirement in SSP is more stringent than that in BDS. 

5. Please provide a table showing bearing capacity FOS and minimum strap length to meet external 
stability, global stability and settlement. 

6. Structural backfill is assumed to have a friction angle of 34 degree with zero cohesion, and 
compacted to a minimum 95 percent. 

7. For Wall A l ,  please check inputs regarding a spreadsheet, "Stress at Various Points Below an Earth 
Embankment." The Inputs for embankment geometry is not consistent with real embankment geometry. 

8. Please verify bearing pressure of MSE wall. Caltran will also check BDA provided by EMI. 

9.F0r Wall H I ,  end bearing of CIDH pile for retaining wall should be limited to consider potential defect 
at the pile bottom during construction. Also, CIDH pile construction should comply to Caltrans SSP. 



RESWNSES FORACT~ONREUO 
A AGREE FULLY WIUCOMPLY 

MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E l  (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE 
Wall G I  (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H I  (Bridge No. 53-XXXX) 

B AQ7EE PARTLY SEE W E D  EXCEPTION5 
C DIMWEE RCASONSARENOTED 
0 COhlhENI Hh5 BEENSUPERCEDEDBY DESIGN DNRDPhlENi 
E OUESTIONONLY AEISWER THE OUESTION 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 

Page 1 of 3 Tab: Walls 65% PS&E 

COMMENTS 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

Patrick Wilson 
( P W ,  

Eric Brown (EBh 
K Arul ArulmOli 
(KA). Kandiah 

Pratheepan (KP) 

FORM 

Caltrans District 7 
Geotechnical Design South - 2 

District-Co-Rte-PM: 

EA No.: 

DATE 

April 12,2010 

ACTION 
REQ'D 

A 

SUBMITTAL REVIEW 

07-LA47-PM (Varies) 
238501 

Milestone: 
Consultant: 

NO. 

I 

RESPONSE 

I. Wall Al. The residual shear strength for the liquefiable 
material between El. -5 ft and -22 ft was revised to be 
700 psf consistent with the lowest Nl(6O-CS) blowcount 
in that layer; 13 bpf for R-09-0381 D-4. Revised global 
stability analysis indicates a pseudo-static factor of 
safety greater than 1.1, meeting Caltrans requirements. 
Revised global stability calculations are attached. 

II. Wall CI. The residual shear strength for the 
liquefiable material between El. -1 1 ft and -25 ft was 
discretized into two layers (1) the material between El. - 
11 fl to -20 fl revised to be 1200 psf consistent with the 
lowest Nl(6O-CS) blowcount in that layer of 24 bpf for R. 
09-0091s-4 and (2) material between El. -20 f t  to -25 ft 
revised to be 600 psf consistent with the lowest Nl(60- 
CS) blowcount in that layer of 10 bpf for sample R-09- 
01 115-5. Revised global stability calculations are 
attached, 

Ill. Walls EllE2. The critical layer in the global stability 
analysis is the material between El. -5 fl and -17 fl and 
is modeled as 600 psf, which is supported by triaxial 
test results performed on three different samples; R-09- 
0331U-4, R-09-0341U-3 and R-09-035iU-3. 

IV. Walls GllG2. The idealized soil profile beneath walls 
GllG2 has been revised. The critical revision was the 
reduction of the undrained shear strength in the layer 
from -6 to -23 ft to 650 psi, which was verified as the 
most conservative strength in that iayer, according to 
the lab test data. 

V. Wall HI. The undrained shearstrength of material 
between El. -5 ft and -30 f t  was reduced from 750 psf to 
700 psf, which is supported by triaxial test results 
performed on samples R-090361U-5 and R-09-0371U-6. 

65% PSBE 
Earth Mechanics, 

Reviewed By: 

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. 

Inc. 

COMMENTS 

Please revisit idealized soil profile and parameters, and revise them if 
necessary. Especially when global slope and external stability is 
considered, a failure tend to develop through a weak layer, which should be 
considered in the design. Therefore, layers with averaged parameters may 
not represent the weak layers. Also confirm undrained residual strength of 
liquefiable layers. 



RESPQNSES FOR ACTION RE00 

MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E l  (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE 
Wall G I  (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H I  (Bridge No. 53-XXXX) 

E OUESIIONONLY ANSWERTHE WESTION Page 2 of 3 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 

Tab: Walls 65% PS&E 

COMMENTS 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

P W I E B I K 4  

PW 1 EB 1 KA 1 KP 

,, , EB , , , ,, 

PW I EB , K4 I KP 

FORM 

Caitrans District 7 
Geolechnical Design South - 2 

District-Co-Rle-PM: 

EA No.: 

DATE 

April 12. 2010 

ACTION 
REQ'D 

A 

A 

A 

A 

SUBMITTAL REVIEW 

07-LA-47-PM (Varies) 
238501 

Milestone: 
Consultant: 

NO. 

2 

3 

4 

5 

RESPONSE 

Will comply. Strength increase due to consolidation of 
fine grained layers was considered in the global stability 
analysis of MSE walls El-E2 and MSE wall GI. Global 
stability analysis for the temporary condition during 
construction for these wails indicate a factor of safety 
greater than 1.25 for all walls. Global stability 
calculations for the temporary condition for these walls 
are attached. 
Will comply. Based upon ourconversations with wall 
contractors, the allowable differential settlement for an 
MSE Wall is 1% along the wall length. Static and 
seismic settlement calculations Indicate the anticipated 
differential settlements are within the tolerable limits for 
MSE wails. 

For retaining wall G2 (standard cantilever wall) the 
settlement analysis has been revised b account for the 
proposed staged construction and indicates the 
anticipated static settlement beneath the proposed wall 
after footing construction is less than 4 inches with a 
maximum differential settlement of 2 inches along the 
wall length; which is considered within the tolerable 
limits of a Caitrans Standard Type 1 wall. The 
recommendations in the report have been revised to 
require that wall G2 should not be constucted until the 
settlment period for the embankment Is complete (a 
temporary shoring wall will be required to retain the 
embankment during the settlement period). The revised 
settlement calculations are attached. 

The bearing capacity calculations for retaining wall G2 
have been revised according to the methodology 
proposed by Meyerhoff (1956) considering that the 
footing will be embedded in granularfill material 
compacted to 90% relative density. The revised bearing 

Will comply. The corrosion requirements for MSE 
backfill will be revised and are attached. 
Will comply. A table will be added to the "Bearing 
Capacity" section that will list the FOS for bearing 
capacity and global stability for a range of strap lengths. 
A sample table for MSE Walls El-E2 is attached. 

65% PSBE 
Earth Mechanics, 

Reviewed By: 

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. 

Inc. 

COMMENTS 

Please provide stability analysis for each phase construction if strength 
increase is considered with phase construction. 

Please check allowable static long-term and short-ten settlement, and 
seismic Induced settlement with the Structure. Especially, caltrans standard 
cantilever walls may not carry the settlement estimated in the report. Also, 
when calculating bearing capacity of the standard wall, settlement should 
be considered since settlement will control the footing design for most 
sandy soils. 

Backiill material and soil corrosivity requirement should confon to our 
standard special provision (SSP) for MSE wall. The requirement in SSP is 
more stringent than that in BDS. 

Please provide a table showing bearing capacity FOS and minimum strap 
length to meet external stability, global stability and settlement. 
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MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E l  (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE 
Wall G I  (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H I  (Bridge No. 53-XXXX) 

SUBMITTAL REVIEW COMMENTS FORM 

E W E S T l W  ONLY ANSWERTHE OUESTION 
Page 3 of 3 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 

Tab: Walls 65% PS&E 

From Review of Bridge Foundation Reports - Log of Test Borings. 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

PW I EB 1 KA I KP 

PW I EB I KA I KP 

PW I EB I KA I KP 

PW I EB I KA 

Caltrans District 7 
Geotechnical Design South - 2 
April 12, 2010 

10 

11 

12 

District-Co-Rte-PM: 
EA No.: 
Milestone: 

DATE 
ACTION 
REQ4D 

A 

A 

A 

A 

07-LA-47-PM (Varies) 
238501 
65% PS&E 

Consultant: 

NO. 

6 

7 

8 

9 

Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs. 

From Review of Bridge Foundation Reports - Consolidation Coefkient (CV) 
is a function of the effective overburden and pre-consolidation stress far a 
given soil. Please present the correlation curve between consolidation 
coehicient and applied vertical pressure, and select the lowest coefficient, or 
the coefficient value under the actual effective overburden by the end of 
construction for the settlement evaluation. 

Settlement of adjacent utilities. 

RESPONSE 

Will comply. Idealized soil profiles and global stability 
analyses have been revised to reflect a 34 degreehero 
cohesion material for structural backfill. 
Will comply. The stress calculations as part of the 
settlement analysis beneath MSE Wall A1 which now 
reflect the current geometry of the proposed 
embankment are attached. 
Will comply. Based upon ourconvenations with the 
designers, the demand bearing pressures listed in the 
Caltrans BDA (2002) are suitable for use in determining 
demand bearing pressures for walls with a level bacMll 
and equivalent vehicle surcharge. 
Will comply. Axial capacity calculations have been 
revised to limit the end bearing to no more than 20% of 
the nominal resistance. Revised axial pile capacity 
calculations are attached. 

Also, the recommendations provided in Section 6.2 
"CIDH Pile Construction" have been confined to be in 

Earth Mechanics, 

Reviewed By: 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. 

Inc. 

COMMENTS 

Structural bacMll is assumed to have a friction angle of 34 degree with zero 
cohesion, and compacted to a minimum 95 percent. 

For Wall A l ,  please check inputs regarding a spreadsheet, "Stress at 
Various Points Below an Earth Embankment." The lnputsfor embankment 
geometry Is not consistent with real embankment geometry. 

Please verify bearing pressure of MSE wall. Caltran will also check BDA 
provided by EMI. 

For Wall HI ,  end bearing of ClDH pile for retaining wall should be limited to 
consider potential defect at the pile bottom during construction. Also, CiDH 
pile construction should comply to Caltrans SSP. 

PW I EB 1 KA I KP 

P W l  E B l  KP 

PW I EB I KA I KP 

A 

A 

A 

Will comply. LOTB's have been revised to only show 
SPT blowcounts. 

Will comply. Settlement rate calculati~fls have been 
revised to use the lowest consolidation coefficient 
determined from lab testing. Revised settlement 
calculations are attached. 
A section will be included to each report that addresses 
the settlment benath adjacent utilities. 
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17660 Newhope Street, Suite E, Fountain Valley, California 92708      Tel: (714) 751-3826 Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

 

    TECHNICAL MEMORANDUM 

 

DATE: December 31, 2009         EMI PROJECT NO:         06-123-03 
 
TO:          Lucien Hersh / Alameda Corridor Engineering Team (ACET) 
 
COPY:     Richard Norton / URS Corporation (URS) 
         Jeff Mills / URS 
    
FROM: Arul Arulmoli / Earth Mechanics, Inc. (EMI) 
 Ranjan Gunaranjan / EMI 
  
SUBJECT: Schuyler Heim Bridge Replacement Project, Geotechnical Memorandum for 

Settlement Estimates below Topko Pipe due to Proposed Retaining Wall Nos. E1 
and E2.  

 

 
Earth Mechanics, Inc. (EMI) has been requested by URS Corporation (URS) to estimate 
settlements below the existing Topko pipe due to the proposed embankment fill of Retaining 
Wall (RW) Nos. E1 and E2. This memorandum is prepared to provide settlement estimates 
below the Topko pipe due to the proposed RW Nos. E1 and E2 embankment fill. 
 
Project Description 
 
As a part of the Schuyler Heim Bridge Replacement Project, Retaining Wall (RW) Nos. E1 and 
E2 are proposed to be built at east and west sides of the northern approach embankment 
(Abutment 27) of Northbound SR-103 Off-Ramp Bridge to retain an approximately 57-ft wide 
approach embankment (Figure 1). Per plans provided by the designers, Wall No. E1, located on 
the west side of the approach between approximate Sta. 426+13 and Sta. 428+29 (“E” Line), will 
be approximately 216 ft long with a maximum design height of 23.5 ft at the south end of the 
wall while Wall No. E2, located on the east side of the approach between approximate            
Sta. 426+13 and Sta. 429+83 (“E” Line), will be approximately 370 ft long. The bottom 
elevation of the subject wall footings vary between -1.0 ft and -1.2 ft.  Based on the information 
provided by URS, an existing 60-inch diameter Corrugated Metal Pipe (CMP), which contains 
an 8-inch diameter Topko oil line and 8-inch diameter water line inside, crosses the RW Nos. E1 
and E2 at approximate Sta. 427+65 (“E” Line) (See Attachment 1 and Figure 1). The top 
elevations of the CMP line vary between -3.2 ft and -3.3 ft. At the location where the CMP line 
crosses the walls, the top elevation of the proposed wall will be approximately at +16 ft. The 
existing grade is at about El. 0 ft.  
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 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

  

Settlement Estimates 
 
Standard procedures were used to evaluate ground settlement underneath the Topko pipe due to 
the proposed wall and associated embankment fill placement. Generally, fills induce immediate 
and consolidation settlement of underlying soils. Immediate settlement occurs during grading 
and consolidation settlement occurs over varying time periods. Consolidation settlement 
(magnitude and time period) is directly related to the depth of fill placed over compressible soil 
and configuration (thicknesses and locations) of fine-grained soil layers. Immediate settlement is 
estimated to be negligible in this case (less than 0.25 inches) and is expected to occur during 
grading. Consolidation settlement is expected to occur over varying time periods.  
 
Soil Parameters: The wall section provided by URS was used to evaluate potential settlement at 
approximate Sta. 427+65 (“E” Line), where the Topko pipe crosses the subject retaining walls. 
Using the subsurface information collected from site-specific soil borings A-09-056, R-09-034 
and R-09-035 and Cone Penetration Test (CPT) soundings CPT-09-066 and CPT-09-098 (See 
Figure 1 for boring and CPT locations) and laboratory test results, an idealized soil profile was 
developed along the subject utility line for settlement estimates. The idealized soil profile and 
soil parameters used in the analyses are shown graphically in Figure 2. The design groundwater 
table was selected to be at El. +0 ft. 
 
The consolidation parameters were estimated using laboratory test data. The compression index 
(Cc) was determined by measuring the slope of the virgin portion of the consolidation curves 
developed from laboratory consolidation tests. The Casagrande procedure was used to estimate 
the pre-consolidation pressure (σp). And, Taylor’s square-root-of-time method and Casagrande’s 
logarithm-of-time method were used to estimate the coefficient of consolidation (Cv). The 
methods for determining the compression index, recompression index, the pre-consolidation 
pressure, and the coefficient of consolidation are described in Holtz and Kovacs (2004). 
 
Settlement Magnitudes: Based on our settlement calculations, settlement of soils underlying the 
Topko pipe is estimated to be about 5 inches, 2.5 inches, 0.25 inches at the centerline of the MSE 
embankment (i.e., Point A, see Figure 2), at the edges of RW Nos. E1 and E2 locations (i.e., 
Point B or B', see Figure 2), and about 25 ft away from the walls (i.e., Point E or E', see Figure 
2), respectively. The approximate settlement profile of the soil underlying the Topko pipe is 
shown in Figure 3. 
 
Settlement Periods: The settlement period without any surcharge is estimated to be about 25 
weeks to reduce the long-term post-construction settlement below the CMP to be less than ½-
inch. If a 5-ft embankment surcharge is applied, the settlement period is expected to be reduced 
to about 12 weeks. For a 7-ft embankment surcharge, the settlement period is expected to be 
reduced to about 9 weeks. 
 
The surcharge heights referred to in these recommendations are measured relative to the finished 
grade of the proposed embankments. Waiting periods without surcharge begin once the project 
grade is constructed to the top of the finished subgrade. Settlement periods with surcharge begin 
once the full surcharge height is completed.  
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Closure 
 
We appreciate the opportunity to work with you on this project to provide geotechnical 
recommendations for the project. If you have any questions, please do not hesitate to call us. 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
  
Reference 
 
Holtz, R.D. and Kovacs, W.D., 2004, “An Introduction to Geotechnical Engineering”, Prentice 

Hall Civil Engineering and Engineering Mechanics Series, September. 

 

 

Attachments 
 
Attachment 1 – Wall Section and Topko Pipe Location Information Provided by URS 

(Ranjan) G.J. Gunaranjan, PE 71758 (Arul) K. Arulmoli, GE 2090 

Senior Staff Engineer Project Manager 
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Consolidation Settlement Profile along Topko Pipe Line
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ATTACHMENT 1 

WALL SECTION AND TOPKO PIPE LOCATION INFORMATION  

PROVIDED BY URS 
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May 10,2010 
EM1 Project No. 06-123-03 

Alanleda Corridor Transportation Authority 
One Civic Plaza, Suite 350 
Carson, California 90745 

Attention: Mr. Lucien Hersh, P.E. 
Project Manager 

Subject: Final Fozirzdation Report 
Retaiiziizg kVnllG1, Wall No. 53E0151 
Retaining Wall 6 2  
Los Arzgeles Cozuzty, Califorizia, (7-LA-47, PM 0.1 7, EA 238501) 

Dear Mr. Hersh: 

Attached is our Final Foundation Report for the subject retaining walls. This report presents the 
findings and co~~c lus io~~s  of OLE geoteclmical investigation as well as analyses results and 
recommendations for design and construction of the subject retaining walls. 
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1.0 INTRODUCTION 

1.1 Purpose Scope of Work 

This Foundation Report presents the findings and conclusioils of a geotechnical investigation 
conducted by Earth Mechanics, Inc. (EMI) for the proposed Retaining Wall G1 and G2 in Los 
Angeles County, California. The report has been prepared in general accordance with Caltrans 
Guidelines for Foundation Investigation and Reports (Caltrans, 2006e). It presents results of our 
foundation analyses and provides design and construction recommendations to assist the bridge 
designers in preparing the project Plans, Specifications, and Estimates (PS&E) for the project. 

The geotechnical services provided for this project included the following tasks: 

.la Collection and review of existing geotechnical inforination; 
e Field exploration consisting of drilling, sampling and logging exploratory borings; 
a Laboratory testing of selected bulk and relatively undisturbed soil samples; 
e Engineering analysis to develop foundation design and construction recommendations; 
e Preparation of this report presenting our findings, conclusions, and recommendations. 

i.2 Project Description 

The Sch~lyler Heirn Bridge Replacement and State Route-47 (SR-47) Expressway Project is a 
joint partnership between Caltrans and the Alameda Corridor Transportation Authority (ACTA). 
The project proposes to replace the seismically deficient Schuyler Heim Bridge over Cerritos 
Chanriel and add a four-lane elevated roadway connection to Alameda Street that will bypass 
three signalized intersections and five at-grade railroad crossings. The location of the project is 
shown in Figure 1. 

The proposed Schuyler Heirn Bridge replacement consists of replacing the existing vertical-lift 
bridge with a fixed bridge with an elevated profile to provide a minimum vertical clearance of 
47 ft in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The 
proposed bridge replacement project includes bridge structures along the southbound exit ramps 
and nortl~bound entrance ramps at New Cock Street and State Route-103 (SR-103). This repol-t is 
prepared for proposed Retaining Wall G1 and G2 located on the west and east side, respectively, 
of the approach embankment for the SR-103 On-Ramp (Figure 2). 

Retaining Wall GI, located along the western edge of the SR-103 On-Ramp approach 
embankment between Sta. 618+33 and Sta. 622+22 ( "G  Line) is proposed to be a mechanically 
stabilized embankment (MSE) wall and will be approximately 389 ft long with retained heights 
varying &om 24 ft at the southern end of the wall to about 6 ft at the northern end of the wall. 
Retaining Wall G2, located along the eastern edge of the SR-103 On-Ramp approach 
embankment between Sta. 61 8+33 and Sta. 621+00 ("G" Line) is proposed to be a Caltrans 



standard Type 1 cantilever retaining wall and will be approxinlately 267 fi long with retained 
heights varying from 12 fi at the southern end of the wall to 8 ft at the nol-tlie~~i end of the wall. 

1.3 Limitations 

This repoi-t is intended for use by Alanleda Corridor Transportation Authority (ACTA), its 
design team members and the California Department of Transportation (Caltrans) for the 
proposed Retaining Wall G1 and G2. This report is based on the project as described herein and 
the information obtained from the exploratory borings at the approximate locations indicated on 
the attached plans, The findings and recommendations contained in this report are based on the 
results of the field investigation, laboratory tests, and engineering analyses. Also, soils and 
subsurface conditions encountered in the exploratoly borings are presumed to be representative 
of the project site; however, subsurface conditions and characteristics of soils between 
exploratory borings can vary. Findings reflect an interpretation of the direct evidence obtained. 
Recommendations presented herein are based on the assumption that an appropriate level of 
quality control and quality assurance (inspections and tests) will be provided during consti-uction. 
EM1 should be notified of any pertinent changes in the project plals or if subsurface conditions 
are found to vary from those described herein. Modifications to the project plans or variations in 
subsurface conditions may require re-evaluation of the recommendations contained in this report. 

The data, opi~lions, and recommendations contained herein are applicable to the specific design 
elements and locations which are the subject of tlis report. Data, opinions, a id  recommendations 
herein hme n o  qp!ic~bi!ity !s my sther desi- 6- e!eme~lts er te ally ether !~c&i~ns ,  a ~ ~ d  my m d  
all subsequelit users accept any and all liability resulting from any use or reuse o f  the data, 
opinions, and recolnmendations without the prior written consent of EMI. 

EM1 is not responsible for construction means, methods, teclmiques, sequences, or procedures, 
or for safety precautions or programs in connection with the constnlction, for the acts or 
omissions of the Contractor, or any other person perfoniiing any of the construction, or for the 
failure of any woslcer to carry out the construction in accordance with the Final construction 
drawings mld specifications. 

Services performed by EM1 were conducted in a manner consistent with that level o f  care and 
skill ordinarily exercised by members of the profession currently practicing in the sarne locality 
under similar conditions. No other representation, expressed or implied, and no warranty or 
guarantee is included or intended. 
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING 

2.1 Existing Information 

Existing subsurface information surrounding the Schuyler Heim Bridge is available froin reports 
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, IIIC. (MAA, 1993) 
and Diaz-Yourman and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler 
Heim Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade 
Separation Project, respectively. From these three sources, the nearest boring to Retaining Wall 
G1 and G2 is shown on the as-built Logs-of-Test-Boring (LOTB) sheets prepared by LKR for 
the seismic retrofit of the Schuyler Heim Bridge and is approxiinately 800 ft south of the 
southern end of the proposed wall pair. 

2.2 Supplemental Field Exploration 

A geotechnical field investigation was conducted by EM1 for the entire project between October 
and November, 2009 which included a total of eight hollow-stem auger borings, 42 rotary wash 
borings and 38 CPT soundings. Of that exploration program, two rotary wash borings, two 
hollow-stem auger borings and one CPT sounding were performed in the vicinity of Retaining 
Wall G1 and G2. The purpose of the explorations was to log subsurface conditions and collect 
soil samples from locations near the proposed walls. Soil exploration information is summarized 
in 'Table 1. Approximate locations of the explorations performed by EM1 for this project are 
shown on Figure 3 and on the LOTB sheets included at the end of this report. Upon completion, 
the exploration locations were surveyed by Wagner E,ngineering & Survey, Inc. (WES) under a 
subcontract with EMI. 

2.2.1 Soil Borings 

The borings and CPT soundings surrounding the proposed retaining wall pair were performed at 
grade on the shoulder of the existing SR-103lSK47 ramps. The deepest boring penetrated down 
to about elevation -96.9 ft, approximately 102 ft below ground surface. 

Rotary borings were performed by C&L Drilling Co. (C&L) and SoCal Drilling Co .  (SoCal), 
under a subcontract with EMI, using a truck-mounted drill rig equipped with 5-in diameter tri- 
cone drill bit and a mud-rotary circulation drill system. Auger borings were performed by 2R 
Drilling Co. (2R), ~ u ~ d e r  a subcolltract wixh EMX, using a tluck-mounted hollow-stem auger drill 
rig equipped with 8-inch diameter augers. Subsurface soils and conditions were logged and 
samples of soils were collected for laboratory testing. Large bulk samples of near-surface soils 
were logged and collected. Smaller soil samples were collected from borings generally at 5 ft 
vertical intervals by means of split-spoon drive samplers; the Standard Penetration Test (SPT) 
sampler and the Modified California Drive (MCD) sampler were used to collect small disturbed 
and relatively undisturbed samples, respectively. The MCD is a split-bane1 sampler with a 
tapered cutting tip and lined with a series of 1 iuch tall brass rings. The SPT sampler (1.4 inch 
ID) and MCD samplel- (2.4 inch ID, 3.25 OD) were driven using a 140 pound hammer 
falling 30 inches down a toia! depth of 18 inchss or until refiisal. The blowcounts for the  last fi of 
penetration were recorded on the boring logs. 



As part of the field investigation, SPT hanul~er energy measurements were performed by 
EarthSpectives (ES) under a subcontract wit11 EMT. Based on those nleasusen~ents, tlze average 
ha~~ulier  efficiency was 62 percent in the borings performed by C&L, and 79 percent in the 
borings performed by SoCal and 80 percent in the borings perfolnled by 2R. A copy of the ES 
report is provided in Appendix B. 

Boring geophysical measurements were also collected by GeoVision under a subcontract with 
EM1 in six uncased borings as part of the project. Compression (P) and shear (S) wave velocities 
were measured along the entire boring depth at the six selected boring locations. A copy of the 
GeoVision report is provided in Appendix C. 

TABLE I. SOIL EXPLORATION l[NFOmATION 

Boring Line 

R-09-03 6"' 
. 

A-09-058'~' 
"W 

. .- - - . -. , - Line 
A-09-059'~' 

Approx. Approx. Bottom of Approx. Approx. Approx. 
Station Offset (ft) GSE (ft) GWE Boring Elevation Method 

(ft) (ft) 

618+39.2 28.5 Lt +2.1 -11.9 -74.4 RW 
- 

619+74.9 30.8 Lt. +3.4 -11.6 -72.6 RW 

620+78.1 39.0 Lt. +4.2 -8.8 -47.3 HSA - . 

622+73.0 65.3 Lt. +5.6 -1.6 -46.0 HSA 
- 

622+73.8 63.4 Lt. +5.6 NR -96.9 CPT 

Notes: I .  Boring perf~nned by C&L. Drilling Co. 
2 Borirzg performed by SoCalDrilling Co. 
3.Borivrgperformed by 2R Drilling Co. 
4. GP/E' = Groundwlater Elevation. 
5. C;5E = Ground SzlrJbce Elevation (estimatedJi.om topographicplm7s). 
6. Top G f Boring Elalarion Based on NA VD88. 
7. RW = Rotary Wash, HSA = Hollolv Stem Auger, CPT = Co17e Penetration Test. 
8. Nh' = Not Recorced 

2.2.2 CPT Soundings 

The CPT soundings were also perfoilned at grade in the undeveloped area near or beneath the 
existing New Dock Street on-ramp structure, east of the main bridge structure. Tlie deepest 
sot~ndhg was advanced down lo elevation -102.7 fl, approximately 103.5 ft below ground 
surface. 

Cone Penetration Test (CPT) soundings were performed by Middle Earth Geo Testing, Inc. 
(Middle Eartlij under a subcontract with EMI, using an electronic cone penetrometer in general 
accordance with the current ASTM Standards (ASTM I35778 and ASTM D3441). The CPT 
equipment consisted of a cone penetrometer assembly mounted at the end of a series of hollow 
sounding rods. The cone penetrometer assembly consisted of a conical tip with a 60" apex angle 
and a projected cross sectional area of 1.55 in2 (19 cm2) and a cylindrical friction sleeve with a 
surface area rjf 23.25 in2 (150 cm2). The interior of the cone penetrometer is instrumented with 
strain gauges that allow simu?laleous measurements of cone tip and friciion sleeve resistance 



during penetration. The cone penetronleter assembly is continuously pushed into tlle soil by a set 
of llydra~~lic rams at a standard rate of 0.79 inch per second (20 ~ n r n  per second) while the cone 
tip resis~ance and sleeve friction resistance are recorded every 1.967 inches (50 11~11) and stored 
in digital form. A specially designed all wheel drive 25-ton truck provides the required reaction 
weight for pushing the cone assembly and is also used to transport and house the test equipment. 
The computer generated graphcal logs include cone resistance, friction resistance, a n d  friction 
ratio. Soil behavior type interpretations are based on guidelines by Robertson and Callpanella 
(1 989). 

2.3 Laboratory Testing 

Laboratory tests were performed to determine relevant physical cl~aracteristics and engineering 
properties of tlze in-situ soils at the site. Selected soil sanlples were tested to determine soil type 
md ether pl~yslcal and engineering propel-ties. A list of tests perfolmed, the con-espo~~ding test 
methods, and pw-pose of testing is presented in Table 2. 

The laboratory soil. tests were conducted ill general accordance with Califoinia Test (CT) 
metliods or Arnrrlcim Society for Testing and Pdaterials (ASTM) standards. The distribution of 
laboratory tests is slioavn on the LOTB sheets at the end of tlie report and test results are given in 
Appendix C 

I 
i TABLE 2. EXPLANATION OF I.,ABORBTORY TESTS PERFORMED I 

i --- -- 
Applicable Test 

' Type of '1 est Method Purpose 

Dry Der,sit;i f ASTM I) 2937 1 Estimate in-situ dry soil density I 
:. - .L : 

; Moisture Content 1 ASTM 17 22! 6 ' Estimate in-situ soil moisture content 
!---....._-_.-____-..---....-..-.....-f _ _  :_ ^ 

I No. 200 Wash j ASTM D 1140 f Determine th.e percentage of fme-grained particles of soil 
i 
i 

! .- -. 

) Sieve ArlaJ.ysis ' ' ASTM D 4 2  , Detemine particle size distribution i f  soil 
EIvdrometer 

I Atterber~ Limits j ASTM D 43 18 1 Determine ulasticitv OF fme-mained soil 
! Specific Gravi~y AS'TM D 853 Deternine specific gravity of soil grains ! 
> --- - -- - - - ----- --- - -- - -- -- - - -- - - - -- - -- - - - - -- - - - - -- -- -- 
I Consolidation :lS'TlM D 2435 i Determine compressibility of fme-waked soil 1 
! UrJ TriaxjaI ASTM D 2850 ! Estimate strength uarameters of fine-mained soil i 

I Co.~ps?c!~ioc CT 216 i I Determine maximurn density and optimum moisture of sol1 
; i ..-..-.. ---- f 

CT-r'3(1[ R.-l1alue i Determine R-value of soil 
Soil ;?!-I j C'T 64-3 j Deteh.ne pH of soil for corrosiol; potential evaluation ! s- - - . .- - .. -- .- .:- - - .- .., -. .-; 

j Minimum Y,esis?i.dy ! CT 643 i Dete1rnil;le resistivity of soil for corrosion potential evaluatior! ' 
C'I' 4 1'; i Sdfate C o n t ~ ~ i t  i / I?etem,ine sulfate in soil for co~osion pocemial evalilati9n 

! Chloride Conta2t , , - CT d22 i Determine chloride in soil for corrosicr, potential ev;ihiation --- 
Notes: I .  ASTM -- An1eric.czi.l So~ieiy for Rstifig and Marerials. 

2. CT = Cal[fsrrzio Tesi Method 3 

-------- - -------- 





3.0 GEOLOGY 

3.1 Physiography 

The Schuyler Heim Bridge spans the Cerritos Channel in the Port of Long Beach. Like most of 
the shipping channels within the poi-t, the Cerritos channel is a man-made channel that was 
dredged into the fonner Wilmington Lagoon which was a coastal marshland wit11 abundant tidal 
channels, estuaries, and small marshy islands. The site area is in the coastal area of San Pedro 
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain 
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the 
northeast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the south (Figure 
4). The western margin of the basin is open to the Pacific Ocean except for one prolninent hill, 
the Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the north from San 
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone 
(Schell, 2007). 

The floor of the Los Arigeles Basin is a relatively flat surface rising gently from sea level along 
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet above 
the plain. The margins of the hills and mountains surrounding the basin are commonly elevated 
somewhat above the general level of these major plains by an apron of uplifted sediments such as 
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills. 

The flat basir floor of the Los Angeles basin is interrupted in a few localities by small hills such 
as the northwesterly alignment of hills and mesas called the Newport-Inglewood Str~lctural 
Zone-NISZ (Figure 4). 'The NISZ extends from the Newport Bay area on the south to the Beverly 
Hills area on the north, and is a result of geologically recent folding and earthquake fault 
displacements. The NISZ divides the basin floor into two major plains, The Downey-Tustin 
Plain on the northeast and the Torrance plain (including the Long Beach Plain) on the southwest. 
The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5). 

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers. 
These rivers enter the basin througll valleys or canyons in the surrounding mountains such as Los 
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin 
floor, though gaps in the NISZ, to the coast. At present these rivers along with nearly all minor 
tributaries in tihe Basin are confined within concrete-or rip-rap-lined channels but in the natural 
stale they meandered back and fort11 across the Basin floor, commonly shifting outlets. For 
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay through 
Balloria gap tmd the San Gabriel River flowed into Wilmington Lagoon which is now occupied 
by the Port of Los Angeles. At present, the Los Angeles River flows to the Port of Long Beach- 
Los Angeles area. 

The floor of the Los Angeles Basin is directly underlain by unconsolidated Quaternary-age sandy 
sediments. These generally can be subdivided into loose unconsolidated Holocene-age sediments 
which cover the bulk of the basin, and the underlying Pleistocene-age materials of the Laltewood 
and San Pedro formations which are only exposed in some of the uplifts of the NISZ and the 
marginal plains. Hard roclts occw only in the mountains surrounding the basin and at depths 
ranging from a few thousand feet to as much as 30,000 feet in the deepest part of the ceiitral Los 
Angeles Basin. 



Except for the Newpoi?-Inglewood and the Palos Verdes f a ~ ~ l t  zones, most surface geological 
faults such as the Santa Monica, Hollywood, and Whittier faults occur along the basin margins 
(Figure 4). In Addition to these lcnown surface faults, the Los Angeles region is underlain by 
buried thrust and reverse faults. These are poorly understood features with poorly known 
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which 
make up the Puente Hills blind tlmst fault system, are exanlples (Figure 4). However, any large 
earthquakes associated with these subs~u-face features are most likely to originate at great depths 
(e.g. abo~lt 10 to 12 miles), and thus these should not impact the subject site significantly more 
than similar-sized earthquakes on the nearer Newport Inglewood or Palos Verdes faults. The 
1987 Whittier earthquake occurred on one of these subsurface faults (either the Santa Fe  Springs 
or the Coyote Hills faults) dipping northerly under the Repetto-Pueilte hills and the San Gabriel 
Valley northeast of the site. The 1994 Northridge earthquake occ~med on a southerly dipping 
buried fault below the San Fei-nando Valley. 

3.2 Stratigraphy 

The project area is underlain by a sequence of geologic strata coiisistent with the general 
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart 
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles 
area. Review of the borehole logs drilled for this project, along with existing boring logs from 
other geotechnical studies and from published sources (e.g. Zielba~~er, et al., 1962; Wright 1991; 
U.S. Geological Survey, 2007; Schell, 2007), indicates similar strata. 

The uppermost deposits of most significance to the project were deposited during the last ice age 
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise i n  sea level 
was not constant but comprised several fluctuations. Interaction between the fluctuating sea level 
and sedimentary deposition from inland streams resulted in a complex association o f  irregular 
and discorrtinuous beds and lenses of marine and non-marine sedimentary strata. The major 
stratigraphic units underlying the project corridor are summarized below: 

1) The surficial strata consist of sandy alluviuin deposited by streams of the Los Angeles 
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along 
the coast during the past few thousand years (- past 5,000 to 7,000 years). These are 
about 20 to 30 feet thick. 

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays 
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits 
occur at depths of a b o ~ ~ t  25 15 to 70 f 10 feet and represent primarily marine sediments 
deposited during the later stages of the most recent rise in sea level that began about 
15,000 to 20,000 years ago. However, these deposits commonly contain sand and fine 
gravel lenses deposited by seasonal river flooding during intermittent wetter periods and 
storrns inland. 

3) These are underlain by the Gaspur Formation which is coarser grained sand and gravel 
material deposited in a relict channel of the Los Angeles f iver that was cut when sea 
level was lower during the last ice age. As the cliinate warined, sea level rose due to 
melting ice at the Polar ice caps and the shore line retreated inland. The Gaspur is about 
70 *I 0 feet to about 190 feet deep and consists of an upper primarily sandy unit and a 



deeper coasser sand and gravel unit. The gavels of the Gaspur channel extend far inland 
and conlprise a major aquifer in the Los Angeles area. 

4) The Gaspu channel was cut into older Pleistocene material of the Lakewood Formation 
which is about 160 to 300 thousand years old. The Lakewood is partially marine and 
partially non marine that was deposited during previous Pleistocene ice ages. Laltewood 
sediments were intermittently exposed to surficial weathering resulting in desiccation, 
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to 
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Forrnation. 

5) The San Pedro Formation extends to about 1100 150 feet depth and comprises gently 
tilted marine silts and sands overlying the folded Tertiary-age marine deposits (Pico, 
Repetto, Fernando formations), and the ancient igneous and metamorphic basement roclts 
at a depth of about 10,000 feet. 

TABLE 3. STRATIGRAPHY AND CORRELATION CHART, LONG BEACH AREA 

Zielbauer 
CA Dept. of 

Geologic Sequence Age Estimate and others Water 
For~nation Series (USGS, 2007) (1962) 

Resources 
9 

DuneIBeach Sand, 
Coastal Marsh, 

Holocene Transgressive Marine, Dominguez 4 5  ka Gaspur Gaspur 
Stream 

A lluvii~m- - - --- - 
Latest Pleistocene 

Mesa (-30-80 ka) Older Dune Sand, -- 

Stream Alluviuni, Near- pacific Early 0 stage 5 
Upper shore Marine, (110-130 ka) 200 ft sand Gage 

Pleistocene Lakewood Fm (Marme Constrained between 
and Non Marine) Harbor 0 stage 5 and 9 

(-160-300 ka) 

0 stage 9-1 1 
Bent Spring (-300-450 ka) 

400 ft gravel Lynwood 
Upper 0 stage 12-14 

~ i lmington  - (-475-580 ka) -- -. -- -- 
Lower 0 stage 15-17+ 

Lower Wilrnington (-580-<780 ka) 

Pleistocene San Pedso Formation -2.0 Ma or >2.6 Ma Upper 
fiom magnetic Silverado 

Pliocene A polarity and Silverado 
paleontology - -- - - - 

-2.0 Ma or >2.6 Ma 
fiom magnetic Lower 

Pliocene R polarity and Silverado 
paleontology 
>2.6 Ma from 

Upper PicotFernando 
- - ~ ~  ---L!. - ~liocene C magnetic polarity and Pico Pic0 Pliocene E ormarion 

paleontology 



Units 1 tlxough 3 were penetrated by many of the deeper on-land borings drilled for this 
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand samples are from 
the Gaspur Formation. The over-water borings generally penetrated deeper and extended through 
the Gaspur into the upper part of the Lakewood Folmation. Other units of the stratigraphic 
succession (e.g. the Mesa and Pacific parts of the Laltewood Formation) are present in areas 
adjacent to the project area but were eroded away by the erosion that accoillpanied deposition of 
the Gasp~u- sediments and therefore are not important to the project. Likewise, the San Pedro 
formation is deep below the site and is not important to the project. 

3.3 Geologic Structure 

The regional geological structure was introduced above in the geological Setting. The project 
area is near the crest of the Wilmington Anticline (Figure 5) which is a west-northwest trending 
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late 
Pleistoceile strata (Lakewood Formation) form a thin veneer across the Wilmington fold and 
appear to be unaffected by the deeper folding and faulting. 

There are no known active faults at the project site. The nearest major active faults are the Palos 
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the northeast 
(Figures 5 and. 6). The Th~uns-Huntington Beach fault is deep below the surface (Figure 6). This 
fault is a t h s t  fault dipping northeasterly at about 25-35 degrees. Some geoscientists suspect the 
fa~llt is a potentially active blind thrust fault b~l t  high-resolution geophysical data clearly show 
th, LLlb .~ , , , l t  r u u l L  U U ~ J  A, , mn+ l l"L  d13p!abb :,.. " n o  ~ c d i l - i i ~ t ~  j..miiger :Elm 3 or 4 iiiillioii yeas  old (Schd:, 2907). 

Furthermore, the fault displacement diminishes toward the northwest and is virtually nil under 
the project area (Figures 5 and 6). 

3.4 Seismicity 

The project site is in seismically active southern California. The present-day seismotectonic 
stress field in the Los Angeles region is one of north-northeasterly compression. This i s  indicated 
by the geologic structures, by earthquake focal-mechanism solutions, and b y  geodetic 
measuremel~ts. These data suggest crustal shortening of between 5 and 9 mmfyr across the 
greater Los Angeles area (Argus et al., 1999). 

Historical earthquake epicenter maps show widespread seismicity throughout the region. The 
larger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose 
clusters along the Newport-lngiewood Structural Zone, along the southern margin o f  the Santa 
hlonica Mountains, along the northern side of the San Fernando Valley, the southern margin of 
the San Gabriel Mountains, and in the Coyote Hills-Puente Hills area. Although historical 
earthquakes have occurred in proximity to known faults, they are often difficult t o  directly 
associate with mapped faults unless there was a surface rupture or a robust sequence of 
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be 
correlated with known faults. Part of the correlation difficulty is due to the fact that the basin is 
underlain by the subsurface blind thrust faults that are not likely to be discovered until they 
nlpture during an earthquake. 



The largest llistorical earthquakes in the region were tlle 1994 Noi-tlxidge and the 1971 San 
Fernando earthquake both of which occurred north of the Los Angeles Basin (Figure 7). The 
1994 earthquake had a moment magnitude (MW) of about 6.7 (MS = 6.8, ML = 6.4), and 
occurred on a southerly dipping subsurface fault which was unknown prior to tlle earthquake. 
The main shock occurred at a depth of about 12 miles below the community of Reseda i n  the San 
Fernando Valley. Earthquake aftershocks clearly defined the rupture surface dipping about 35 
degrees southerly from a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The 
causative fault was never identified with certainty, but it may have been on the eastern extension 
of the Oakridge fault (Yeats and Huftile, 1995), a so~atlzerly dipping fault bounding the Ventura 
Basin and dipping under the Santa Susana Mountains. 

The 1971 San Fernando earthquake was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the 
1994 evelit but did involve surface rupture. The 1971 event occurred on a northerly dipping 
tlmst fault, that dips froin the northern side of the San Feillando Valley to a depth of about 9 
miles under the San Gabriel Mountains. Several mapped surface faults such as the Sylinar fault, 
Tujunga fault, and Lakeview fault were involved. These faults are commonly considered to be 
part of the Siei-ra Madre fault system which extends easterly along the southern margin of the 
San Gabriel MuuntaJ~ls from the San Fernando Valley to the north side of the San Gabriel 
Valley, and to the Cucamonga fault in the San Bernardino area. 

The largest historical earthquake in the Los Angeles region to have a major impact o n  tlle site 
area was the 1933 Long Beach event which had a magnitude of about MW = 6.4 (ML = 6.3). 
This earthquake did not rupture the surface but is believed to have been associated with the 
Newport-Inglewood Structural Zone because of the distribution of aftershocks and the 
abundance of groand disturbances in proximity to the hit zone (Figure 7). Although ground 
failures were abundant along the NISZ trend, no unequivocal surface rupture was identified 
(Benioff, 1938). Ree\/aluation of the seismicity data by Hauksson and Gross (1991) led to 
relocation of the 1933 earthquake hypocenter to a depth of about 6 miles below tlle Huntington 
Beach-Xewport Beach city boundary. 

The 1987 Whittier earthquake (ML = 5.9, MW = 5.9) occurred on subsurface faults dipping 
under the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer, 
1999; Shaw et al., 2002). This zone of faults is referred to as the Puente Hills blind thrust fault 
system (Figure 4). This event did not rupture the ground surface. 

Another significan~ earthquake in the L,os Angeles region was the 1812 earthquake which caused 
daniage at the San J um Capistrano Mission. The location and magnitude of the 18 12 earthquake 
are ttnknowl because of the sparse population at the time, Sut geological studies (Jacoby et al., 
1988; Weldon et al., 2004) postulated that it did not occur in the Los Angeles Basin area, but 
rather, was a large (M> 7.0) distant event on the San .Andreas fat& in the Wriglitwood area of the 
San Gabriel Mountains. 

The earliest documented earthquake in the region was reported by the Spanish Portola' 
expedition as they camped near the Santa ,&la River in 1769. This event has been attributed by 
various geoscientists to just about every fault in the Los Angeles area but it could just as well 
have been a distant event thai shook a wide area as did the 1971 San Fernando, the 1987 
Whittier, and the 1994 Northridge events, as weli as many other more-distant events (for 
example, the 1812, or 1992 Landers events). 



3.5 Geologic Hazards 

3.5.1 Surface Fault Rupture 

No surficial faults are known at the site, therefore the potential for ground rupture due t o  faulting 
is negligible. The nearest major faults with a known potential for surface rupture are the 
Newport-Inglewood zone to the northeast and the Palos Verdes Hill fault to the southwest 
(Figures 4, 5, m d  6). 

3.5.2 Subsidence 

The ground surface ill the Long Beach Harbor area has undergone substantial lowering during 
the 20th century due to subsidence of the sediments and roclts underlying the area. Some of this 
subside~ice may have been due lo natural causes (e.g. natural ground-water decline, sediment 
compaction, tectonics, 1933 Long Beach earthquake). Harris (1 945) estimated natural subsidence 
of about half an inch per year. The principal cause of the subsidence has been attributed to 
withdrawal of oil and gas (Allen, 1984; Strehle, 1987), but ground-water extraction undoubtedly 
contributed, perllaps 2 fcet out of the 29 feet (7%), to the total subsidence. 

Subsidence accelerated with development of the Wilmington oil field in 1936. The area of 
subsidence forms a circ:ular or bowl-shaped area centered on the northeast corner o f  Terminal 
Island (Figure 8A). The rnaxirnum subsidence in the center of the subsidence bowl i s  abou~ 29 
feel. Subsidence along the Heim Bridge project corridor in the western pa& of the subsidence 
bowl was about 14 feet (Figure 8A). The nzaxim~un rate of subsidence reached about 2.4 feet per 
year by 1951. The subsidence was so great that dikes had to be built within the harbor area to 
prevent flooding by sea water. Some of the subsided areas behind the diltes have recently been 
filled bringing the ground surface back to above sea level (- +15 feet). 

Silbsldenee was arrested by restoring pressure to the oil zones lhrouglz injection of water into the 
oil wells. This has not only stopped subsidelice but has resulted in some rebound, and also has 
been of economic benefit by driving more oil to the producing wells. Initial injection began in 
1953 but was not fully established until about 1958; by 1961 injection was widespread. 
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in 1958 
and reached a maximurn by about 1964 with only minor fluctuations since. Maxirnm- elevation 
rebound 112s been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet 
(Figure 8B). 

'The subsidence did not cause significant damage to most surface facilities but it did damage oil 
wells at about 1,500-2,000 feet depth, and induced several small earthquakes. In all, about 500 
wells u7ere damaged. Some of the oil well casings were sheared off or so severely darnaged that 
the wells had to be abandoned and redrilled. 

Matliematical calculations indicate that up to 66 feet of subsidence could occur if allowed to 
contiizile uncheclted. To prevent and colltrol fiu-ther subsidence, injection must be maintained 
even after. cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department 



(LBGOD) surveys elevation changes twice a year, and monitors oil field fluid injection designed 
to coi~ect elevatioil changes. The LBGOD estimates survey accuracy of about 0.24 inches; areas 
are considered to be stable if elevation changes are less than that (LBGOD, 2009). Bench marks 
rise and fall in a somewhat random manner that is not completely understood but injections do 
seem to coi-rect elevation changes. The correlation bet-ween injection and elevation rebo~md 
appears to be good, but it may take a few months to a yeas or so to be fully realized. 

There ase 3 "index" bench marks near the Heim Bridge; one at the noi-t11 abutment a i d  two more 
a little father to the north. Several other bench masks are scattered around the bridge area. Based 
on ineasurenlellts of these benchmarks, it appears that subsidence of the Heim Bridge area has 
resumed since 1995 and total subsidence of about 2 feet has been obseilred in the Heiin Bridge 
area since 1995. Dusing the recent years, the annual subsidence rate seems to have decreased; 
Measurements were approximately 0.6 in. during the period between May 2007 and April 2008 
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009). 

3.5.3 Flooding 

The flood inundation map in the Los Angeles County safety element of the General Plan (1990) 
indicates there is a flooding potential at the project site .from failure of Hansen Dam which is in 
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of 
when it is full, is q~lite small and it is difficult to imagine that a significant flood surge could be 
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and 
1,os Angeles Basin; therefore, the potential for flooding of the site is considered low. 

3.5.4 Tsunami and Seiche 

'Tsunamis are sea waves generated by submarine earthquakes, landslides, and volcanic eruptions. 
Seiches are waves internal to an enclosed or highly restricted body of water that wash back and 
forth across the basin. Smaller tsunamis may be common but their sun-ups are no more than 
typical tidal fl~ztuations so they do not cause significant damage. Generally, damaging tsunamis 
are caused by submarine earthquakes wit11 a magnitude of about 7 or larger. 

-Most tsunamis to affect the Los Angeles-Long Beach harbor areas have been generated by 
distant earthquakes although California has had few locally generated, historic tsunamis, namely 
the 1812 Santa Barbara earthqualte and the 1927 Point Argue110 earthquake. According to 
Houston (1979), !he Los Angeles Habor is within Tsunmi Zone 2 (out of 5 zones with 5 being 
the -worst) indicsting a potential for water run-ups of 5 to 15 feet. 

California has been stnlck by several other signjficani tsunamis generated in the northern Pacific 
(for example, the 1946 Aleutian earthquake of Mw = 7.8 and 1964 Alaska event of M w  = 9.2); 
and in the southern Pacific (1 922 Chile earthquake of Mw = 8.4 and the 1960 Chile event of Mw 
= 9.5). The 1964 Alaska earthquake caused severe damage and 15 fatalities in northern 
California. In southern California, the most serious recorded tsunami was generated b y  the 1960 
Chile earthquake. The greatest damage occurred in the Long Beach-Los Angeles Harbor where 
5-foot-high seiche waves surged back and forth in the chmlels. Currents of 12 knots were 
reported as the water rose and fell rapidly. A 6-foot drop in water level occ~lssed in 1 minute at 



Long Beach and 3 foot drop in 5 min~rtes along the Cei-ritos Channel. The currents tore some 300 
small boats and yachts from the slips and as many as 30 were sunk. Damage was estiinated at 
between $500,000 to over $1,000,000. 

A comprehensive tsunami analysis for the ports of Long Beach and Los Angeles by Moffat & 
Nichol (2007) basically confirmed the tsunami hazard f om distant events. The analysis included 
tsunamis generated by local sources such an earthquakes in the nearby offshore Southern 
California Continental Borderland, and by landslides off the Palos Verdes shelf. No tsunamis 
have been documented from such local events during historical times. These events are 
extremely rare with recurrence intervals up to about 10,000 years. The results of the analysis 
indicate tlwt the maximum water level within the Cen-itos channel near Heim bridge could be as 
high as about 1 1 feet. Current speeds should be less than about 3 ftlsec. 
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4.0 SUBSURFACE CONDITIONS 

4.1 Subsurface Conditions 

Soil stratigraphy is defined by the available soils information and the exploratory boriiigs and 
CPT soundings (described in Section 2) performed under the supelvision of EM1 personnel for 
the project. Witlxin the depths explored (down to about elevation -149 ft), the subsurface profile 
consists of' about 75 fl of interlayered alluvial deposits overlying Gaspur Formation sand. 

4 t  the subject site, natural grade lies at an elevation of about zero, with a few feet of import fill 
for the existing northem approach embankment to Schuyler Heim Bridge extending to a 
maximtun elevation of about +6 ft along the proposed alignmelit of the two walls. The near 
surface deposits co~isist of silty sand and sandy silt between natural grade and about elevation - 
4 fi. The near surface deposits are underlain by a thick strata of inter-layered medium stiff to stiff 
silt, sandy silt, and some clay and loose to medium dense silty sand dowli to about elevation - 
55 ft. Below elevation -55 ft, lies the Gaspur Formation which consists of dense to very dense 
sand and silty sand withh the depths explored. 

It should be noted that the above soil description is general and is intended to describe the 
subsurface ill Lieiy broad terms. The soil descriptions above should not be construed to mean that 
the subsurface profile is unifom~ and that soil is homogeneous within the project area. For details 
on the stratigrapiiy at each borehijle location, refer to the LOTB sheets at the end of the report. 

4.2 Groundwater Conditions 

During the EM1 investigation in 2009, groundwater was recorded in all four of the boriilgs 
performed near the proposed walls between elevation -1.6 ft and -1 1.9 feet. The elevation that 
groundwater was encouitered in each boring is listed in Table 2 and also on LOTB sheets at the 
end of the report. However, due to the proximity of the site to the Cerritos Channel, where the 
water elevation is dictated by tidal fluctuations, higher groundwater elevations than those 
encountered during the field investigation are likely. 

Based on the observed high water groundwater elevation for the Ceiritos Channel, the design 
groundwater was placed conservatively at elevation +5 ft  or the ground surface in locations 
where finished grade is proposed to be below elevation +5 ft. 

Based on ir~formation collected from borings R-09-035, R-03-036, A-09-058, A-09-059 and CPT 
sounding CPT-!)!).-U99 an idealized soil profile for fo~indation malysis and design was developed 
along the alignment of the proposed uralls. The subsurface profile beneath the proposed 
structures is shown in Figure 9. The soil profile and design strength parsuneters are presented 
below in Table 4. 
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TABLE 4. IDEALIZED SOIL PROFILE AND PARAMETERS 
- 

Approx. Elev. (ft) Predominant Soil Type 
Total Unit Cohesion Friction 

Weight 
(lb/ft2) 

Angle 
(lb/ft3) (degree) 

-I-2.0 to -5.0 Silty Sand / Sandy Silt 120 0 3 2 

-5.0 to -30.0 Clayey Silt / Sandy Silt 120 650 0 
,- -- -- --- -- 

-30.0 to -40.0 Silty Sand / Sandy Silt 120 0 30 

-40.0 to -50.0 Clayey Silt 1 Lean Clay / Silty Clay 120 2,500 0 
. .. -- 

-50.0 to -65.0 Siltv Sand 120 0 34 

-65.0 to -lOO.C Sand / Sand wit11 Silt / Silty Sand 125 0 3 8 





5.0 CONCLUSIONS AND RECOMMENDATIONS 

5.1 Seismic Evaluation 

As part of EMI's scope of work for the Schuyler Heim Bridge (Replace) project, a gro~u~d 
motion study was performed in accordance to with the 2009 Caltrans Seismic Design Criteria 
(Caltrans, 2009). Due to the weak near surface deposits encountered throughout the project area, 
a site response analysis was performed to develop the design acceleration response spectra. 

As described in Section 2, down-hole shear wave velocity measurements were taken in six of the 
rotary wash borings performed along the mainline bridge alignment. Shear wave velocity 
profiles were generated for the upper 30 meters (100 ft) of the soil profile and input into the 
program SHAKE91 along with the seven sets of spectrum compatible time histories to develop a 
site specific ARS spectrum. The design ARS spectrum was generated by enveloping the mean 
plus one standard deviation surface ground accelerations fiom the SHAKE analysis. Details of 
the site specific ground motion study are summarized in a memorandum prepared by EMI, whicli 
is included in Appendix E. 

The site response analysis, performed in accordance with the 2009 SDC, results in a peak ground 
acceleration (PGA) of 0.5g for the site. Liquefaction potential and seismic settlement analysis 
were performed -~~sin.g a PGA of 0.5g resulting from a magnitude 7.0 event. Pseudo-static global 
stability a2alyses were perfilmed using a seismic coefficient of 0.17 equal to one-third the PGA 
in accordance with Caltrans guidelines (Caltrans, 2006i). 

Ground Rupture: No laown active surface faults traverse the project area. The California 
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the 
proximity of the site. Therefore, the risk of ground surface rupture and related hazards is 
considered low. 

5.2 Soil Liquefaction Potential and Seismically-Induced Settlement 

The liquefaction potential of the saturated, granular materials below the water table was 
evaluated using the procedures outlined by Seed et al. (1983) and updated by NCEER (1 997) and 
Youd et al. (2001). For liquefaction potential evaluation of clayey soils, the procedure outlined in 
Boulanger and Idriss (2006) was used. The seismically-induced soil settlement was estimated 
using the procedures outlined by Tokirnatsu and Seed (1987). As discussed in Section 4.2, the 
design groundwater was assumed to be at the lower of' elevation i-5 ft or the ground surface for 
the liquefaction potential evaluation. 

Layers, pockets and lenses of saturated coarse-grained alluvial deposits above the dense Gaspur 
Formation (located below approximate elevation -55 ft) are expected to be susceptible to 
liquefaction. Seismically induced-settlements of a few to several inches are anticipated. The 
elevations of the potentially liquefiable material and the corresponding anticipated seismic 
setlleme~lts are shown in Table 5. The location of the potentially liquefiable material during the 
design earthquake is also identified in the subsurface profile shown in Figure 9. 



TABLE 5. LIQUETACTION AND SEISMIC SETTLEMENT ANALYSIS RESULTS 

Approximate Elevations of Layer Approximate Total Approximate BoringICPT Liquefiable Zones Seismically induced Seismically induced 
Sounding No. 

(fO1 Settlement (inches) Settlement (inches) 

Notes: 1. Elevations are based on NAVD88. 

5.3 Soil Corrosivity 

Samples representative of soils throughout the project area were tested to determine corrosivity 
including xninirriw1 resistivity, pH, soluble sulfate content, and soluble chloride content. Six soil 
samples were tested for corrosivity using the procedures described in California Test methods 
417, 422, 532, and 643. The pH was determined to vary between 7.7 and 8.7, the minimum 
resistivities were 150 and 9,300 ohm-cm, soluble chloride contents were 248 and 12,774 parts 
per million (ypm) and soluble sulfate contents were 30 and 1,187 ppm. 

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5 
or less, or the chloride concentration is 500 parts per million (ppm) or greater, or the sulfate 
concentration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered 
.to be corrosive. 

The backfill for the reinforced soil mass should conform to the corrosion requirements per 
Caltrans Standard Special Provision (SSP) for MSE walls. For MSE walls with metallic soil 
reinforcement, the permeable bacldill material should meet the following requirements: 
minimum resistivity of 2,000 ohm-cm, chlorides less than 250 ppin, sulfates less than 500 ppm, 
and pH between 5.5 and 10. Permeable inaterial with geosynthetic soil reinforcement should 
have a pH between 4.5 and 9.0. 

5.4 Mechanically Stabilized Earth Wall Recommendations - Retaining Wall 6 1  

As described in Section 1.2, Proposed Retaining Wall G1 is located between approximate 
Stations 618+33 and 622-1-22 ("G" Line). The retailling wall is approximately 389 ft long and 
will vary in design height from 6 to 24 ft. Due to the presence of compressible soil, construction 
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of the proposed SR-103 On-Ramp enlbankment is expected to induce long-term consolidation 
settlement within the footprint of the proposed approach. Several wall alteiilatives were 
considered, and ultimately an MSE wall was selected because of its ability to tolerate substantial 
amount of total and differential settlements. 

The MSE wall should be designed based on Section 5 of the Caltrans BDS (Caltrans, 2004). 

5.4.1 Lateral Earth Pressures 

Using Section 5.5.5.8 of the Caltrans BDS (Caltrans, 2004), an active earth pressure coefficient 
of 0.3 and a soil unit weight of 120 pcf is reconmended for the proposed MSE wall (i-e., 36 pcf 
equivalent fluid pressure), which retains level backfill. An additional lateral uniform pressure of 
75 psf due to a traffic surcharge equivalent to a vertical pressure of 250 psf should b e  added to 
the above lateral earth pressure values, where applicable. The lateral active earth pressure 
resultant should be applied to the baclc of the MSE wall at W3 ft above the bottom of the wall (H 
is the wall height in ft). 

Psr Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of earthquakes need to be 
considered in the design of retaining walls which support bridge abutments, soundwalls, or other 
installations for which there is a low tolerance for failure. Since the subject MSE wall does not 
support any structure for which there is a low tolerance for failure, per Caltrans practice, the 
MSE wall need not to be designed for seismic earth pressures. 

5.4.2 Bearing Capacity 

Bearirdapacity of MSE Structure: Using the maximum wall height of 24 ft and base width of -- 
24 fi near the southern end of the wall at Sta. 618+40 ("G" Line), the bearing pressure induced 
on the underlying foundation soil is 3.5 ksf. Using a base width of 24 ft and a remedial 
excavation of 2 ft (see Section 5.4.8), the allowable bearing capacity of the soil directly beneath 
the MSE walI is greater than 3.5 ksf. Therefore, the allowable bearing capacities exceed the 
bearing pressures induced by the wall. 

Bearing; Capacity of Leveling Pad: Leveling pads should be embedded to a depth of O.1H (where 
H = height of wall in feet), but not less than 2 ft below lowest adjacent grade. Using a remedial 
excavation of 2 ft below the leveling pad, the allowable bearing capacity for the leveling pad is 
recommended to be 2.5 ksf. 



TABLE 6. MSE WALL G1 STABILITY ANALYSES 

Approx. Max MSE Bearing Capacity 
CCE" Wall Strap Factor of Safety 

Global Stability 
Factor of Safety 

Line Height Length During 
During Station (ft) (ft) Surcharge Permanent Surcharge static(')   sue do-static(') 

Notes: 
(1) Factor of safety based upon level backfill and 240 psf equivalent vehicle surcharge for static condition. No 

vehicle surcharge for psueudo-static condition. 
(2) Governing psuedo-static factor of safety based upon static horizontal inertial force equal to one-third the 

peak design ground acceleration; 0.17g per Caltrans guidelines (2006e). 
(3) Demand bearing pressures for MSE walls as shown in Catrans Bridge Design Aids, 2002 for Loading 

Condition 1. 
(4) A remedial overexcavation of 2 ft below the leveling pad and the MSE was considered in the analysis. 

5.4.3 Settlement 

Standard procedures were used to evaluate ground settlement of the underlying foundation soils 
due to the proposed MSE and associated embankment fill placement. Generally, fills induce 
immediate and consolidation settlement of underlying soils. Immediate settlement occurs during 
grading and consolidation settlement occ.1-~rs over varying time periods. Consolidation sett!emer?t 
(magnitude and time period) is directly related to the depth of fill placed over compressible soil 
and the thickness of compressible soil layers. Immediate settlement which is estimated to be 
negligible in this case occurs during grading or shortly thereafter, wlile consolidation settlement, 
wlich in this case is considerable, occurs over varying time periods. 

One cross-section was selected to evaluate the potential settlement beneath the proposed wall 
approximately 40 ft from the southern terminus of the wall near " G  Line Sta. 61 8+75. 

Based on cross-sections provided by the roadway designers, the proposed embankment at "G" 
Line Sta. 61 8+75 will be approximately 50 feet wide at the crest and the embankment height is 
approximately 16 feet above existing grade. Based on our calculations, the maximum settlement 
of soils underlying the proposed embankment is estimated to be about 9 inches. The settlement 
period is estimated to be about 28 weeks to reduce the remaining long-term settlement to less 
than %-inch. If a 5-ft embankment surcharge is applied across the full proposed roadway width, 
the settlement period is reduced to about 17 weeks. For a 7-ft embankment surcharge across the 
full proposed roadway width, the settlement periods is reduced to about 16 weeks. 

'The surcharge heights referred to in these reconllnendations are measured relative to the finished 
grade of the proposed embankments. Settlement periods with surcharge begin once the full 
surcharge height is completed. Waiting periods without surcharge begin once the project grade is 
constructed to the top of the finished subgrade. 

Settlement Monitoring Recommendations: Based on our experience, the calculated settlements 
and settlement periods are approximations of actual field observations. Due to the variability of 



subsurface conditions and the thinly layered nature of soil deposits, settlement nlonitoring is 
recommended. 

A settlement monitoring program should be implenlented for the proposed MSE wall. Surface 
monuments should be placed on the face of the MSE wall to measure any vertical or lateral 
movement. In addition, surface settlement monuments, constructed in accordance with Caltrans 
Standard Plan Sheet A74 or equivalent (Caltrans, 2006b), should be placed at the maximum wall 
heights and at every 100 ft along the length of the MSE wall. The settlement monuments should 
be installed in a timely manner upon completion of wall constnlction. Special care should be 
exercised in the field to survey and protect these settlement devices. The monuments should be 
monitored at the time of installation, on a weekly basis for a month, and then once every 2 weeks 
thereafter until it has been verified by the Engineer that the remaining settlement for the 
embankment is acceptable. The uppermost levels of wall facing, coping, roadway pavement, 
hardscape, and any other improvements should not be constructed until the remaining settlement 
is within acceptable limits (i.e., K-inch or less). 

5.4.4 Overexcavation 

Along the proposed wall alignment, the base of the MSE structure will be founded on native 
soils. EM1 recommends remedial grading consisting of a 2-ft overexcavation. The bottom of the 
overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned to near 
optimum moisture content, and compacted according to Caltrans Standard Specifications 
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went the bottom of remedial excavations become saturated due to the presence o f  shallow 
groundwater or seepage, self compacting material such as gravel or lean concrete slurry can be 
placed within the limits of the overexcation. The overexcavation should extend at least 2 ft  
beyond the outer edge of the leveling pad and 2 ft  beyond the back of the reinforced zone behind 
the wall. 

5.4.5 Global Wall Stability 

The "global" stability of the Retaining Wall G1 was evaluated for both static and pseudo-static 
conditions using the computer program GSTABLE7 (Gregory, 2006). Strengths of liquefiable 
soils were estimated using the method outlined in Seed and Harder (1990). The material used for 
the fill is assumed to have a friction angle of 32 degrees and minimum cohesion of 200 psf. The 
cross-sectiori selected for stability analysis was near "G" Line Sta. 618+75. 

The soil strength within the reinforced earth zone is assumed to have a friction angle of 34 
degrees and no cohesion. The in-situ shear strengths of existing fill material and in-situ native 
soils vary and are provided in Table 4. 

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to 
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability analysis for 
the seismic condition was performed using the pseudo-static approach with a seismic coefficient 
of 0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peak horizontal 
acceleration (0.5 g, based on the site specific ground motion study, see Appendix F) bu-i not 
exceeding 0.2. 



According to the results of the analyses and Caltrans guidelines, the slopes meet the minimum 
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the 
seismic condition per Caltrans Foundation Design Guidelines (2006e). 

5.4.6 Drainage 

Sufficient drainage should be provided at the roadway surface of the embankment and between 
the pavement structure and the top of the MSE Wall to minimize accumulation of water within 
the MSE mass during the life of the structure. 

5.5 Cantilever Retaining Wall Recommendations - Retaining Wall G2 

As described in Section 1.2, Proposed Retaining Wall G2 is a Caltrans Type I Retaining Wall 
located between approximate Stations 618t-33 and 621+00 ( " G  Line). The retaining wall is 
approximately 266 ft  long and will vary in design height from 8 to 12 ft. Based upon the 
preliminary cross sections provided by the wall designers, the proposed wall will be embedded in 
embankment fill placed as part of the project. Due to the limited wall heights and corresponding 
demand toe pressures, spread footings are suitable for support of the proposed wall. 

5.5.1 Lateral Earth Pressures 

The proposed retaining wall will retain embankment fill material to be placed as part of the 
project. Material placed behind the proposed retaining wall will be required to conform to 
Section 19-3.06 of Caltrans Standard Specifications for structure backfill. A static active lateral 
earth pressure of 36 psf per f t  of depth is recommended for design of cantilever retaining walls 
with a uniform lateral pressure of at least 72 psf due to vehicle surcharge load. This static active 
lateral earth pressure is applicable for a free-draining and level backfill. 

Per Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of earthquakes need to be 
considered in the design of retaining walls which support bridge abutments, soundwalls, or other 
installations for which there is a low tolerance for failure. Since the subject MSE wall does not 
support any stn~cture for which there is a low tolerance for failure, per Caltrans practice, the 
MSE wall need not to be designed for seismic earth pressures. 

5.5.2 Spread Footings 

Allowable Bearing Capacity: The material used for the fill is assumed to have a friction angle of - 
32 degrees and minimum cohesion of 200 psf. Based on the asstuned soil parameters for the fill 
material, the allowable soil bearing capacity is estimated to be 2.8 ksf. The ultimate bearing 
capacity (for seismic design) is three times the allowable bearing capacity. 

Fill placed in the upper 2 f t  below the footing should be compacted to at least 95% relative 
compaction. The lateral extent of the 95% relative compaction should be at least 2 ft  beyond the 
edges of the footing. 

Lateral active 1.oads can be resisted by passive lateral earth pressure (against the side of buried 
stem walls and spread footings) and friction acting along the base of footings. The passive lateral 



earth pressure can be determined using a11 average passive pressure of 3.0 ksf against the face of 
the footing, assuiniiig level gro~md in front of the retaining wall. The full passive resistance 
against the face of the footing will be mobilized at a displacement equal to 4 percent of the 
footing thickness. To determine the frictional resistance along the base of a footing, a coefficient 
of fi-iction of 0.35 between the concrete footing and the soil below the footing is recommended. 
The sliding resistance of footings may be determined using 50% of the passive pressure and 
100% of the friction along the base of the footing. 

Settlement: Maximum total settlement ~mder the allowable bearing capacity is estimated to be no - 

more than 1 inch. 

5.5.3 Static Settlement 

Standard procedures were used to evaluate gro~md settlement of the underlying foundation soils 
due to the proposed MSE and associated embankment fill placement. Generally, fills induce 
immediate and consolidation settlement of underlying soils. Immediate settlement occurs dwing 
grading and consolidation settlement occurs over varying time periods. Consolidation settlement 
(magnitude and time period) is directly related to the depth of fill placed over compressible soil 
and the thickness of coinpressible soil layers. Immediate settlement which is estimated to be 
negligible in this case occurs during grading or shortly thereafter, while consolidation settlement, 
which in this case is considerable, occ~ r s  over varying time periods. 

One cross-section was selected to evaluate the potential settlement beneath the proposed wall 
approximately 40 ft from the southern terminus of the wall near "G" Line Sta. 61 8+75. 

Rased on cross-sections provided by the roadway designers, the existing embankment at "GG" 
Line Sta. 61 8+75 will be approximately 50 feet at the crest and the embankment fill height is 
approximately 10 feet above existing grade. Based on our calculations, the maximum settlement 
of soils underlying the proposed embankment is estimated to be about 12 inches. However, since 
Caltrans Type 1 retaining walls have a limited settlement allowance, the surcharge and 
settlement period recommended for the MSE wall G1 embankment (see section Section 5.4.3) 
should be completed prior to constmction of Retaining Wall G2. MSE Wall G1 should be 
constructed and the surcharge placed across the entire embankment roadway width. Once the 
settlement period has elapsed or the surcharge has been released, the portion of the embankment 
near Retaining Wall G2 can be excavated down to the footing elevation, and Retaining Wall G2 
can be constructed. 

Settlement Monitoring Recommendations: Surcharge placement and monitoring of settlement 
will occur following the embankment and MSE Wall G1 construction, prior to construction of 
Retaining Wall G2. Refer to Section 5.4.3 for settlement monitoring recommendations. 

5.5.4 Global Wall Stability 

The "global" stability of the Retaining Wall G2 was evaluated for both static and pseudo-static 
conditions using the computer program GSTABLE7 (Gregory, 2006). Strengths of liquefiable 
soils were estimated using the method outlined in Seed and Harder (1990). The material used for 



the fill is assumed to have a friction angle of 32 degrees and minimum cohesion of 200 psf. The 
cross-section selected for stability analysis was near "G" Line Sta. 618+75. 

The soil strength within the reinforced earth zone is assumed to have a friction angle of 34 
degrees and 200 psf cohesion. The in-situ shear strengths of existing fill material and in-situ 
native soils vary and are provided in Table 4. 

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to 
represent traffic loading. Ln accordance wit11 Caltrans Guidelines (2006e), stability analysis for 
the seismic condition was performed using the pseudo-static approach with a seismic coefficient 
of 0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peak horizontal 
acceleration (0.5 g, based on the site specific ground motion study, see Appendix F) but not 
exceeding 0.2. 

According to the results of the analyses and Caltrans guidelines, the slopes meet the minimum 
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the 
seismic condition per Caltrans Foundation Design Guidelines (2006e). 



6.0 CONSTRUCTION CONSIDERATIONS 

All work should be performed in accordance wit11 the Caltrans Standard Specifications (Caltrans, 
2006c) except as indicated in the Special Provisions prepared for the project improvements. 

6.1 Earthwork 

6.1.1 General 

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard 
Specifications (Caltrans, 2006~). Appropriate measures should be taken to prevent damage to 
adjacent existing structures and utilities. Design and construction of temporary slopes or shoring 
should be made the contractor's responsibility. It should be noted that it is the responsibility of 
the corltractor to oversee the safety of the workers in the field during construction. The contractor 
shall conform to all applicable occupational safety and health standards, rules, regulations, and 
orders established by the State of California. In addition, other State, County, or Municipal 
regulatioi~s may supersede the recommendations presented in this section. If a trench shoring 
design and safety plan is required, the geotechnical consultant should review the plan to codrm 
that recommendations presented in this report have been applied to the design. 

Hea\y construction equipment should not be used immediately adjacent to shoring due to large 
lateral presslures induced by si~ch equipment unless the shoring is designed to accommodate 
resulting pressures. Excavated soil or construction materials should not be stockpiled adjacent to 
shoring or oper: excavations. Stockpiled soil and constsuction materials should be set back a 
distance at least equal to the height of the excavation. 

In fill areas, coniplete removal of compressible surficial materials including vegetation, topsoil, 
loose or soft alluvium, and otherwise unsuitable material is required prior to fill placement. A 
minimum overexcavation of 2 ft is recommended within all areas to receive compacted fill; the 
overexcavation should extend horizontally a minimum distance of 2 ft  from edges of new fills or 
structures. Actual depths and extent of the required removals should be determined i n  the field 
by qualified geotechnical personnel. Overexcavated areas should be cleaned of loose soils and 
debris and should be observed to be fm and unyielding before receiving fill. The bottom of the 
overexcavatlo~l should be scarified to a minimum depth of 8 inches, moisture conditioned to near 
optimum moisture content, and compacted in place to at least 90 percent relative compaction. 

6.1.2 Cuts and Excavations 

Preliminary plans do not show any permanent cuts necessary to achieve finish grades. However, 
temporary cuts may be required to facilitate the construction of proposed improvements. 
Temporary excavations, including temporary sloping or shoring, will need to be designed by the 
contractor for local and global stability, once the means and methods of construction are 
determined. 



6.1.3 Groundwater Control 

Gro~uzdwater was encountered in all four of the borings performed near the proposed wall pair 
between elevation -9.9 and -1 1.9 ft. Based on latest cross sections provided by the designers, the 
bottoin of proposed leveling pad varies between about elevation +-2 and -4 ft. The deepest 
excavation for the proposed MSE wall is expected to be a few feet above the obseived 
groundwater elevations. However, due to the proximity of the site to the Cessitos Channel where 
the water elevation is dictated by tidal fluctuations, higher groundwater elevations than those 
encountered during the field investigation are likely; therefore, the contractor should b e  prepared 
to control groundwater during footing construction. Any groundwater encountered during 
footing construction should be controlled in accordance with Section 19-3.04 of the Caltrans 
Standard Specifications (2006~). Any seepage or groundwater removed from an excavation 
should be tested and disposed of in compliance with all applicable local, state and federal 
requirements. Free water should not be allowed to stand in any excavations. If excavations 
become flooded, at least the bottoin 6 inches of soil should be removed and replaced or re- 
compacted to 95 percent relative compaction. Additional removals inay be required at the 
discretion of the Engineer. 

6.2 Review of Construction Plans 

Recommendations contained herein are based on current design information. The geotechnical 
consultant should review the final construction plans and specifications in order to confirm that 
the general intent of the recommendations contained in this repoii have been incoi-poraied into 
the final constnlction docwnents. 

6.3 Geotechltaical Observation and Testing 

Qualified geotechiicai personnel should perfonn inspections and testing during the following 
stages of construc.tion: 

0 Grading operations, including excavations and placement of compacted fill. 
* Placement of reinforcing elements for the MSE structure. 
e Shoring installation 
e Removal or installation of support of buried utilities or structures. 

Whet any unusual subsurface conditions are encountered. 



7.0 REFERENCES 

Allen, D.R., 1984, "The Geology and Geologic Hazards Potential of Torrance Oil Field as 
Related to the Proposed Water, Flood and Development Operations of Santa Fe  Energy 
Company," Unpublished Repoi-t for Santa Fe Energy Company, Toi~ance CAY 
November. 

American Association of State Highway and Transportation Officials (AASHTO), 2007, 
AASHTO LRFD Bridge Design Specifications, Fourtll Edition., Washington, DC. 

American Society for Testing and Materials (ASTM), 2009, Annual Book of Standards. Soil and 
Rock; Vol. 04.08. 

Argus, D.F., et al., 1999, "Shortening and Thickening Metropolitan Los Angeles Measured and Inferred 
by Using Geodesy," Geology v. 27, p. 703-706. 

Benioff, H., 1938, "The Determination of the Extent of Faulting with Application to the Long Beach 
Earthqualce," Bulletin of the Seisn~ological Society of America, v. 28, p. 77-84. 

Boulanger, R. W. and Idriss, I. M., 2006, "Liquefaction Susceptibility Criteria for Silts and 
Clays," Journal of Geotechnical and Geoenvironmental Engineering, ASCE, 13 2, No. 1 1, 
November. 

California Department of Transportation (Caltrans), California Test Methods, various dates. 

, 2003, Corrosion Guidelines, Version 1.0; Office of Materials Engineering and Testing 
Services, Corrosion Technology Branch, September. 

, 2004, Bridge Design Specifications, September. 

, 2006a, Guidelines for Struct~lres Foundation Reports, Version 2.0, March. 

-- , 2006b, Standard Plans. 

,2006c, Standard Specifications. 

-- ,2006d, Seismic Design Criteria, Version 1.4, June. 

-- , 2006e, Guidelines for Foundation Investigations and Reports, June. 

, 2009, Seismic Design Criteria, Version 1.5, Appendix By September. 



California Department of Water Resources, 1961, Planned Utilization of the Ground Water 
Basins of the Coastal Plain of Los Angeles County: Bulletin 104, Appendix A Ground 
Water Geology. 

Diaz-Y ourman and Associates, 2000, "Revised Geotechtlical Design Report, Henry Ford Avenue 
Grade Separation, Alameda Corridor," Los Angeles, California (Project No. 165-07). 

Earth Mechanics, Inc., 2010a, "Foundation Report, Retaining Wall GI and G2," EM1 Project No. 
06-123, February. 

Earth Mechanics, hc . ,  2010b, "Foundation Report, SR-103 Off-Ramp, Bridge No. 53-3034K" 
EM1 Project No. 06-123, February. 

Gregory, G., 2006, GSTABL7 wit11 STEDwin Slope Stability Analysis System Program Manual, 
Version 2.005, 

Harris, F.R., 194.5, "Subsidence of Tenninal Island, Long Beach, California, its Probable Causes, Extent, 
and Future Effects," Unpublished Report Prepared for Bureau of Yards and Docks, Navy 
Department, Washington, D.C. 

Hauksson, E., 199 ,  ccSeismological Overview of the 1994 Northridge Earthquake Sequence in 
Californiq" in Woods, M.C., and Seiple, W.R., eds, The Northridge California Earthquake of 17 
January 1994: California Deparfinent of Conse~vation, Division of Mines and Geology, Special 
Publication 1 1 6, p. 1 7- 3 8. 

Hauksson, E. and Gross, S., 1991, "Source Parameters of the 1933 Long Beach Earthquake," Bulletin of 
the Seisrrtological Society of American, v. 8 1, p. 8 1-98. 

Houston, J.R., 19'79, "State-of-the-Art for Assessing Earthquake Hazards in the United States, Tsunamis, 
Seiches, and Landslide-Induced Water Waves," U.S. Army Engineer Waterways Experiment 
Station, Vicksburg, Mississippi, Report 1 5. 

Jacoby, G., Sheppard, P., and Sieh, K., 1987, "Was the 8 December 1812 California Earthquake 
Produced by the San Andreas Fault Evidence fi-om Trees Near Wrightwood," Seismological 
Research Letters, v. 58, p. 14. 

Long Beach Gas and Oil Department, 2009, "Elevation Changes in the City of Long Beach, 
November 2008 Through April 2009," Report to Long Beach City Council. 

Los Angeles County General Plan, 1990, "Technical Appendix to the Safety Element of the Los 
Angeles County General Plan, Hazard Reduction in Los Angeles County," Prepared by 
Leighton & Associates with Sedway Cook Associates for the Department o f  Regional 
Planning, County of Los Angeles, January. 



LKR Group, Inc., 1998, ccGeoteclmical Investigation for PS&E Phase of Seismic Retrofit 
Analysis, Schuyler Heim Bridge, CAY" April 8. 

MAA Engineering Consultants, Inc., 1993, "Final Geotechnical Report, Badger Avenue Bridge 
Replacement," Port of Los Angeles, October 1 .Meyerhof, G.G., 1956, Penetration Tests 
and Bearing Capacity of Cohesionless Soils, Journal of the Soil Mechanics and 
Foundation Division, ASCE, Vol. 82, No. SM1, January, pp. 1-1 9. 

Moffatt & Nichol, 2007, "Tsunami Hazard Assessment for the Ports of Long Beach and Los Angeles," 
Prepared for Port of Long Beach, Long Beach, CA and Port of Los Angeles, San Pedro CAY 
M&N File 4839-169, April. 

NCEER, 1997,"Proceeding of the NCEER Workshop on Evaluation of Liquefaction Resistance 
of Soils," T. L. Youd and I. M. Idriss Editors, Technical Report NCEER-97-0022, 
NCEER, Buffalo, NY. 

Robertson, P. K.and Campanella, R. C., 1989, "G~lidelines for Geotechnical Design using the 
Cone Penetrometer Test and CPT with Pore Pressure Measurement," Soil Mechanics 
Series No. 120, Department of Civil Engineering, University of British Columbia, 
Vanco~wer, B.C., V6T 124, September. 

Scheil, B.A., 2007, cLGeologic Structure and Earthquake Hazard of the Palos Verdes Fault in the 
Palos Verdes Hills and Ports of Los Angeles and Long Beach Area, Los Angeles 
County," California: Pacific Section SEPM Book 103, p. 233-258. 

Seed, H. B., Idriss, I. M., and Arango, I., 1983,"Evaluation of Liquefaction Potential Using Field 
Performance Data," Journal of Geotechnical Engineering, ASCE, Vol. 109, No. 3, pp. 
458-482. 

Seed, H. B., and Harder, L. F., 1990, "SPT-Based Analysis of Cyclic Pore Pressure Generation 
and Undrained Residual Strength," Proceedings of H Bolton Seed Memorial Synzposiunz, 
Universiw of Cal(fornia at Berkeley, BiTech Publishers. 

Shaw, J.H., and Shearer, P.M., 1999, "An Elusive Blind-Thrust Fault Beneath Metropolitan Los 
Angeles," Science, v. 283, p. 15 16 (5 March). 

Shaw, J.H., Plesch, A., Dolan, J F., Pratt, T.L., and Fiore, P., 2002, "Puente Hills Blind-Thrust 
System, Los Angeles, California," Bulletin of the Seismological Society of America, v. 
92, p. 2946-2960. 

Strehle, R., 1987, "Subsidence in Long Beach," in Oil Producing Areas in Long Beach, Pacific 
Section, American Association of Petroleum Geologists, Los Angeles, Ca, Field Trip 
Guidebook, June 1 1, p. 69-80. 



Tolumatsu, K., and Seed, H. B., 1987, ccEvaluation of Settlenlents in Sands Due to Earthquake 
Shaking," Jouinal of Geoteclmical Engineering, ASCE, Vol. 113, No. 8, pp. 861 -878. 

U.S. Geological Survey, 2007, "A 3-Dhensional Model of Water-Bearing Sequences in tlle 
Dominguez Gap Region, Long Beach, Califoi-nia," Open-File Report 2007-1 01 3. 

Ward, S.N., 1994, ''A Multidisciplinary Approach to Seismic Hazard in Sot~thern California," Bulletin 
ofthe Seismological Society of Ameiica, v. 84, p. 1293-1309. 

Weldon, R., Scharer, K., Funal, T., and Biasi, G., 2004, "Wrightwood and the Earthquake Cycle: What a 
Long recurrence Record Tells us About how Faults Work," Geological Society of America, 
GSA Today, v. 14, no. 9, p. 4-1 0. 

Wright, T.L., 1991, "Struch~al Geology and Tectonic Evolt~tion of tlle Los Angeles Basin, California," 
in Biddle, K.T., ed., Active Basin Margins: American Association of Petroleum Geologists 
Memoir 52. 

Yeats, R.S., and Huftile, G.J., 1995, "The Oak Ridge Fault System a ~ d  the 1994 Northridge 
Earthquake," Nature, v. 373, p. 418-420. 

Youd, T. L. et zl., 2001, "Liq~efzctier, Resistmce ~f S d s :  SI?~ZZ"JT Report fmm the 1996 
NCEER and 1998 NCEER/NSF Workshops on Evaluation of Liquefaction Resistance of 
Soils," Journal of Geoteclmical and Geoenvironmental Engineering, ASCE, Vol. 127, 
No. 10, October. 

Zielbauer, E.J., Kues, H.A., Burnhan, W.L., and Keene, A.G., 1962, ccDonlh~guez Gap Barrier 
Project Geologic h~vestigation," Los Angeles County Flood Coiltrol District, March. 



















APPENDIX A. EARTHSPECTIVES SPT HAMMER ENERGY MEASUREMENT 
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EARTHSPECTIVES 
250 Goddard Phone: (949) 777-1 270 
Irvine, California 9261 8 Fax: (949) 777-1 283 

November 12, 2009 
EarthMechanic, Inc. 
17660 Newhope, Suite E 
Fountain Valley, California 92708 

Attention: Mr. Ranian Guneranian 

Dear Ranjan: 

SPT Hammer Energy Measurement 
Borings A-09-053, R-09-004, and R-09-009 
ACTA Schuyler Heim Bridge Replacement 
Long Beach, California 
ES Project No. 09095-141 

INTRODUCTION 

This letter report summarizes the results of EarthSpectivesl (ES) SPT hammer energy measurements 

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It 

provides a description of the test program and results. 

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system 

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and. 

6066 test standards. Results are summarized in Table 1, while more details regarding energy records 

are provided in Appendix A. 

TESTING CONDITIONS 

Test Borings 
SPT hammer energy measurements were performed at three boring locations drilled by three different 

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R 

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ 

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal 

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig 

equipped with a Automatic trip hammer and HF2-518 drill rod, while C&L Drilling samplers were 

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made 

drill rod. 

Instrumentation 
SPT energy measurements were performed by placing a 2 ft instrumented section of drill r o d  at the top 

of the drill string between the hammer and the existing sampling rods. The instruments consist of two 

Geotechnical Specialty Engineering 



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view 

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during 

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The 

raw data were stored directly on a portable field computer for subsequent analysis in the office. 

RESULTS 

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy 

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred 

energy to rated energy of the hammer which is the product of the weight of the hammer times the 

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft). 

TABLE I -SUMMARY OF SPT HAMMER ENERGY MEASUREMTS 

AVERAGE SPT HAMMER EFFICIENCY 

SAMPLING DEPTH 
(FT) 

(ENERGY TRANSFER RATIO) 
BORING R-09-009 
C&L Drilling, Inc. 

Mud Rotary 

BORING A-09-053 
2R Drilling, Inc. 

Hollow Stem 

BORING R-09-004 
So Cal drilling, Inc. 

Mud Rotary 



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of 

blow number in Appendix A. Table immediately following the plot also provides the minimum, 

maximum, and average values at each sampling depth in addition to raw data. 

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an 

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall 

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall 

average of 62 percent for boring hole R-09-009. 

LIMITATIONS 

Professional judgments represented in this report are based on evaluations of the technical 

information gathered, our understanding of the proposed construction, and our general experience in 

the geotechnical field. We do not guarantee the performance of the project in any respect, only that 

our engineering work and judgments are rendered while striving to meet the standard of care of our 

profession at this time. 

CLOSURE 

It has been a pleasure serving you on this project and we look forward to working with you again. 

Please call if you have any questions. 

Sincerely Submitted for EarthSpectives 

/-I . c-- 
~/&IXL>* 

Hossein K. Rashidi, Ph.D., P.E. 
Principal Engineer 
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - -  

BL# d e p t h  T Y  EMX ETR E 2 F  EF2  EV2 B  PM CS X C S I  TSX 
end b l / f t  f  t K - f t  P I < - f t  b l / m i n  l c s i  l c s i  k s i  

1 4  5 . 0 0  AV 0 . 2 8  8 2  0  1 . 5 0  2 0 4  5 4 . 7  2 0 . 0 6  2 0 . 1 3  6 . 8 1  



Pile : A- 09- 053 
Info: HOLLOW STEM 

P r o j  : ACTA HEIM BRIDGE PROJECT Pg2 

COMMENTS 
JC = 0.70 
Sample at 5 ft 
Sample at 10 ft 
Sample at 15 ft 
Sample at 20 ft 
Sample at 25 ft 
Sample at 30 ft 
Sample at 35 ft 
Sample at 40 ft 
Sample at 45 ft 
Sample at 50 ft 

DRIVEN (2009-0ct-13 : A-09-053 . M D F )  
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P i l e :  R - 0 9 - 0 0 4  P r o j  : ACTA HEIM BRIDGE PROJECT P g l  
I n f o  : MUD ROTARY S P :  0 . 4 9 2  k / f t A 3  
AR : 1 . 4  i n A 2  WS: 1 6 8 0 8  f t / s  
LE: 1 6 3 . 0 f t  EM: 3 0 0 0 0  KSI  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max T r a n s f e r r e d  E n e r g y  
ETR: E n e r g y  T r a n s f e r  R a t i o  
E2F  : UNDEFINED 
EF2:  E n e r g y  by F n 2  Method 
EV2 : UNDEFINED 
- - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth TY EMX 
end bl/ft f t K - f t  

1 2  1 0 . 0 0  AV 0 . 2 0  

ETR 
5 

5 9  

BPM: B l o w s  P e r  Minute 
CSX: Max Measured C - S t r e s s  
C S I :  Max F 1  o r  F2 C - S t r e s s  
TSX: Max C o m p u t e d  T - S t r e s s  

E2F EF2 EV2 B PM CSX CSI TSX 
K - f t  bl /min k s i  lcsi k s i  

0  2 . 7 9  1 6 4  0 . 0  2 6 . 2 0  3 2 . 0 4  1 1 . 8 3  



P i l e :  R - 0 9 - 0 0 4  P r o j :  ACTA HEIM BRIDGE PROJECT P g 2  
Info: MUD ROTARY 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BL# depth TY EMX ETR E 2 F  EF2 EV2 BPM CSX CSI TSX 
end bl/ft f t  K - f t  % K - f  t b l / m i n  ksi k s i  k s i  
5 7 5  5  1 3 5 . 0 0  AV 0 . 2 8  8 0  0  5 . 1 4  2 1 0  3 8 . 6  3 5 . 6 5  3 5 . 6 8  1 2 . 6 5  

MX 0 . 2 8  8 1  0  5 . 3 8  2 2 2  3 9 . 4  3 6 . 7 5  3 6 . 7 5 1 4 . 0 2  
MN 0 . 2 6  7 5 0  4 . 9 6  1 5 4  0 . 0  3 4 . 2 8  3 4 . 2 8  1 1 . 1 5  

COMMENTS 
J C  = 0 . 7 0  
Sample a t  
S a m p l e  at 
S a m p l e  at 
S a m p l e  a t  
S a m p l e  at 
S a m p l e  a t  
S a m p l e  at 
S a m p l e  at 
S a m p l e  a t  
S a m p l e  at 

DRIVEN ( 2 0 0 9 - 0 c t - 2 2  : R-09-004 .MDF)  



ACTA SCHUYLER HE1.M BRIDGE REPLACEMENT, BORING HOLE R-09-009,  CGL D R I L L I N G  

EMX ( k i p s - f t )  
Max T r a n s f e r r e d  E n e r g y  
0.00 0.20 0.40 

N o t e s  1. S a m p l e  a t  20 f t  
2 .  S a m p l e  a t  60 f t  
3 .  S a m p l e  a t  8 0  f t  
4 .  S a m p l e  a t  9 0  f t  
5 .  S a m p l e  a t  1 0 0  f t  

ETR (%) 
E n e r g y  T r a n s f e r  Ratio 

20 60 100 

BPM ( b l / r n i n )  
B l o w s  P e r  M i n u t e  

0 40 80 

N o t e s  6 .  S a m p l e  a t  1 1 0  f t  
7 .  S a m p l e  a t  1 2 0  f t  
8 .  S a m p l e  a t  1 3 0  f t  
9 .  S a m p l e  a t  140 f t  

1 0 .  S a m p l e  a t  1 5 5  f t  

N o t e s  



Pile: R-09-009 Proj : ACTA HEIM BRIDGE PROJECT Pgl 
Info: MUD ROTARY- rope and cathead SP: 0.492 k/fta3 
AR : 1.4 in-2 WS: 16808 ft/s 
LE: 165.0 ft EM: 30000 KSI 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
EMX: Max Transferred Energy BPM: Blows Per Minute 
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress 
E2F : UNDEFINED CSI: Max F1 or F2 C-Stress 
EF2: Energy by F"2 Method TSX: Max Computed T-Stress 
EV2 : UNDEFINED 
_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX 
end bl/ft ft K-ft s K-ft bl/min ks i ltsi ksi 

1 3 10.00 AV 0.20 55 0 2.10 0 24.0 28.27 28.27 0.00 



Pile: R-09-009 Pro]: ACTA HEIM BRIDGE P R O J E C T  Pg2 
I n f o :  MUD ROTARY- rope and ca thead  
_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX C S I  TSX 
end bl/ft ft I < - f t  I K - f t  bl/min l c s i  ksi ksi 
687 9 140.00 AV 0.24 6 8 0 3.01 236 34.8 23.31 23.31 2.79 

MX 0.30 80 0 3.69 303 38.8 28.09 28.09 5.59 
MN 0.18 51 0 0.00 13 0.0 3.80 3.80 0.47 

COMMENTS 
JC = 0.70 
Sample at 20 f t  
Sample at 60 f t  
Sample at 80 ft 
Sample at 90 f t  
Sample a t  100 ft 
Sample a t  110 f t  
Sample at 120 f t  
Sample at 130 f t  
Sample at  140 f t  
Sample at 155 f t  

DRIVEN (2009-0ct-28 : R-09-009.MDF) 
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INTRODUCTION 

Boring geophysical ineasureinents were collected in six uncased borings for the Schuyler Heiill 

Bridge Project at the Port of Los Angeles, Califonlia. Geophysical data acquisition was 

perfornled between October 19 to November 6, 2009 by Victor Gonzalez and Charles Carter of 

GEO 7fi.sion. Data analysis was perforllled by Victor Gonzalez and reviewed by Robert Steller of 

GEO 74sion. Repost preparation was performed by Victor Goilzalez and reviewed by John Die111 

of GEOVision. The work was performed ~mder subcontract with East11 Mecl~anics, Inc. (EMI) 

with G. J. Gunaranjan serving as the point of contact for EMI. 

This report describes the field measurements, data analysis, and results of this work. 

GEOVision Report 9375-01 rev a Page  5 of 72 November  1 1 ,  2009 



SCOPE OF WORK 

Tllis report presents the results of boring geophysical nleasurements collected between October 

19 and November 6, 2009 in six 4 718 -inch uncased borings, as detailed in Table 1. The purpose 

of the study was to supplement stratigraphic infornlation obtained during EMI's soil sanlpling 

progranl and to acquire sheas wave velocities and compressional wave velocities as a f~~nc t ion  of 

depth. 

-- 

(I' Coordinates and elevations provided by EM1 

BORING 

DESIGNATION 

Table 1 Boring locations and logging dates 

The OYO Suspensiol~ Logging Systein was used to obtain in-situ l~orizontal shear and 

conlpressiollal wave velocity n~easurements at 1.6-foot intervals. The acquired data were 

analyzed and a profile of velocity versus depth was produced for both colllpressional and 

horizoi~tally polarized shear waves. 

DATES 

LOGGED 

A detailed reference for the velocity measuremellt teclmiques used in this study is: 

Guidelines for Determinine; Design Basis Ground Motions, Report TR-102293, 

Electric Power Research Institute, Palo Alto, California, November 1993, 

Sections 7 and 8. 

GEOVision Report 9375-01 rev a 
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INSTRUMENTATION 

Suspension Instrumentation 

Suspension soil velocity nleasurenlents were perforilled in all borings using the PS suspension 

loggiilg system, manufactured by OYO Colyoration, and their subsidiaiy, Roberts011 

Geologging. This system directly deterinines the average velocity of a 3.3-foot high segment of 

the soil colulnn sun-ounding the boring of interest by measuring the elapsed time between 

arrivals of a wave propagating upward tlu-ougll the soil column. The receivers that detect the 

wave, and the source that generates the wave, are moved as a unit in the boring producing 

relatively constant amplitude signals at all depths. 

The suspension systenl probe consists of a conlbined reversible polarity solenoid horizontal 

shear-wave somce (SH) and conlpressional-wave source (P), joined to two biaxial receivers by a 

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers i s  3.3 feet, 

allowing average wave velocity in the region between the receivers to be determined by 

inversioll of the wave travel time between the two receivers. T11e total length of the probe as used 

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottoill 

end of the probe. 

The probe receives coiltrol signals from, and sends the receiver signals to, instrunleiltation on the 

surface via an aillored 4 or 7 conductor cable. The cable is wo~uld onto the druill of a winch and 

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28- 

foot circumference sheave fitted with a digital rotaly encoder. 

The entire probe is suspended in the boring by the cable, therefore, source inotion is not coupled 

directly to the boring walls; rather, the source lnotion creates a horizontally propagating 

inlpulsive pressure wave in the fluid filling the boring and sui-roundil~g the source. This pressure 

wave is coilvei-ted to P and SH-waves i11 the surrounding soil and roclc as it inlpinges upon the 

wall of the boring. These waves propagate through the soil and roclc surroundiilg the boring, in 

turn causing a pressure wave to be generated in the fluid surrounding the receivers as the soil 

GEOVision Report 9375-01 rev a Page 7 of 72 November 11,2009 



waves pass their location. Separation of the P and SH-waves at tlle receivers is perfori~~ed uzsillg 

the following steps: 

1. Orientation of the horizolltal receivers is maintained parallel to the axis of the source, 

n~aximizing the anlplitude of the recorded SH -wave signals. 

2. At each depth, SH-wave signals are recorded with the source actuated in opposite 

directions, producing SH-wave signals of opposite polarity, providing a characteristic SH- 

wave signatulre distinct fio111 the P-wave signal. 

3. The 7.0-foot separation of source and receiver 1 pernlits the P-wave signal to pass and 

danlp significalltly before the slower SH-wave signal arrives at the receiver. In saturated 

soils, the received P-wave signal is typically of much higher frequency tllan tlle received 

SH-wave signal, pelmitting additional separation of the two signals by low pass filtering. 

4. Direct ail-ival of the origiilal pressure pulse in the fluid is not detected at the receivers 

because the wavelength of the pressure pulse in fluid is significailtly greater than the 

dimeilsioil of the fluid alul~llus surrouu~ding the probe, preventing significant energy 

trailsmission tlxough tlie fluid medium. 

In operation, a distinct, repeatable pattern of iillpulses is generated at each depth as follows: 

1. T11e source is fired in one direction producing doininai~tly horizoiltal shear with sonle 

vertical compression, and the signals fiom t l ~ e  horizolltal receivers situated parallel to the 

axis of nlotion of the souu-ce are recorded. 

2. The source is fired again in the opposite direction and the horizolltal receiver signals are 

recorded. 

3. The source is fired again and the vertical receiver signals are recorded. The repeated 

source pattern facilitates the piclcing of the P and SH-wave arrivals; reversal of the  source 

changes the polarity of the SH-wave pattern but not the P-wave pattern. 

The data from each receiver during each soulrce activation is recorded as a different channel 011 

the recording system. The Suspension PS systenl has six channels (two simn~~ltaneous recording 

channels), each with a 1024 sample record. The recorded data are displayed as six chanilels with 

a coim~~oil time scale. Data are stored on disk for ful-tl~er processing. Up to 8 sampling sequences 

can be summed to inlprove the signal to noise ratio of tlle signals. 

GEOVision Report 9375-01 rev a Page 8 of 72 November 11,2009 



Review of the displayed data 011 the recorder or coillputer screen allows the operator to set the 

gains, filters, delay time, pulse lengtl~ (energy), sanlple rate, and sullu.lling nuillber to optiinize 

the quality of the data before recording. Verification of the calibration of the Suspel~sioll PS 

digital recorder is perfornled every twelve llionths using a NIST traceable frequency source and 

counter, as outlined in Appendix B. 
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MEASUREMENT PROCEDURES 

Suspension Measurement Procedures 

Six 4 718-incl~ uilcased boriilgs filled with freshwater drilling i n ~ ~ d  were logged. Measurelneilts 

followed the GEOVisior7 Procedure for P-S Suspeilsioil Seisillic Velocity Logging, revisioll 1.4. 

Prior to each logging r~ul, the probe was positioned with the top of the probe at the top of the 

drilliilg 111~1d tub, grouild surface, or other stationa~y reference point. Subsequently, the electronic 

depth counter was set to 8.2 feet, the distance between the mid-point of the receiver and the top 

01 the probe, minus the heigllt of the stationaly reference point, as verified with a tape nleasure, 

and recorded on the field logs. T11e probe was lowered to the bottoln of the boring 01- uiltil the 

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot iiltervals to collect data, as 

summasized in Table 2. 

At each measuremeilt depth the ~neasureilleilt sequence of two opposite horizoiltal records and 

one vertical record was perfor~ned, and the gains were adjusted as required. The data froin each 

depth were viewed on the coinputer display, cllecked, and recorded on disk before moving to the 

next depth. 

Upon completion of the ineasuremeilts, the probe zero depth indication at the statioilary 

referellce point was verified and recorded on the field logs prior to reinoval from the  boring. 

Field data were backed up to USB flash drive each day upon coinpletion of data acquisition. 

Table 2. Logging dates and depth ranges 

BORING 
NUMBER 

R-09-007 

R-09-014 

R-09-021 

R-09-022 

R-09-025 

R-09-028 
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TOOL AND RUN 
NUMBER 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

SUSPENSION PS 1 

November 11, 2009 

DEPTH 
RANGE 
(FEET) 

3.3 - 136.2 

3.3 - 118.1 

6.6 - 154.2 

3.3 - 162.4 

3.3 - 160.8 

3.3 - 162.4 

DEPTH TO 
BOTTOM OF 

BORING 
(FEET) 

150 

165 

170 

175 

175 

175 

SAMPLE 
INTERVAL 

(FEET) 

1.6 

1.6 

1.6 

1.6 

1.6 

1.6 

DATE 
LOGGED 

10/19/2009 

10/20/2009 

10/21/2009 

1 1 /02/2009 

11 /05/2009 

11 /06/2009 



DATA ANALYSIS 

Suspension Analysis 

Using the proprietaiy OYO prograln PSLOG.EXE version 1.0, the recorded digital waveforills 

were analyzed to locate the lnost promiileilt first minima, first maxima, or first break on the 

vertical axis records, indicating the al~ival of P-wave energy. The difference in travel time 

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate the P-wave velocity for 

that 3.3-foot segnleilt of the soil colunu~. When observable, P-wave ai-rivals on the l~orizontal 

axis records were used to verify the velocities deterlniiled fiom the vertical axis data. The time 

piclcs were tlleil trailsferred into an EXCEL template (EXCEL versioil2003 SP2) to coillplete the 

velocity calculatioi~s based on the ai-rival time picks made in PSLOG. 

The P-wave velocity over the 6.33-foot interval fiom source to receiver 1 (S-Rl) was also picked 

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity 

derived from the travel time between receivers. In this analysis, the depth values as recorded 

were illcreased by 4.53 feet to correspond to the mid-point of tlle 6.33-foot S-Rl interval. Travel 

times were obtained by picking t l~e  first break of the P-wave signal at receiver 1 and subtracting 

0.35 milliseconds, the calculated and experiinentally verified delay froin source trigger pulse 

(beginning of record) to source impact. T11is delay corresponds to the duration of acceleration of 

the solenoid before impact. 

As with the P-wave records, usiilg PSLOG, the recorded digital wavefonns were analyzed to 

locate the presence of clear SH-wave pulses, as indicated by the presence of opposite polarity 

pulses on each pair of llorizontal records. Ideally, the SH-wave signals from the 'nonnal' and 

'reverse' source pulses are very nearly invei-ted iinages of each other. Digital FFT - IFFT lowpass 

filtering can be used to remove tlle higher frequency P-wave signal fiom the SH-wave signal. 

Generally, the first lnaxiilla were picked for the 'norinal' signals and the first minima for the 

'reverse' signals, although other points on the waveforin were used if the first pulse was distorted. 

The absol~rte arrival time of the horinal' and 'reverse' signals inay vary by +I- 0.2 milliseconds, 

due to differences in the actuatioil time of the solenoid source caused by constallt ~ ~ ~ e c l ~ a n i c a l  

bias in the source or by boring iaclination. This variation does not affect the R1-R2 velocity 
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determinations, as the differential time is ineasured between arrivals of waves created by the 

saine source actuation. Tile final velocity value is tlle average of the values obtained from the 

'norinal' and 'reverse' soulrce actuations. 

As with the P-wave data, SH-wave velocity calculated from the travel time over tlle 6.33-foot 

interval from source to receiver 1 was calculated and plotted for verification of the velocity 

derived fiom the travel tiine between receivers. In this analysis, the depth values were increased 

by 4.53 feet to correspond to tlle mid-point of the 6.33-foot S-R1 interval. Travel times were 

obtained by picltiilg the first break of the SH-wave signal at the near receiver and subtracting 

0.35 milliseconds, the calculated and experinlentally verified delay froin the beginlliilg of the 

record at the source trigger pulse to source impact. 

These data and analysis were reviewed by Robei-t Steller as a component of GEOVisiorzYs in- 

llouse QA-QC program. 

Figure 2 s11ows an example of R1 - R2 ineasuremellts on a sample filtered suspension record. In 

Figure 2, the time difference over the 3.3-foot interval of 1.88 rnillisecoilds for the horizoiltal 

signals is equivalent to an SH-wave velocity of 1745 feetlsecond. Whenever possible, time 

differences were deterinined from several phase points on the SH-waveform records to verify the 

data obtained from the first arrival of tlle SH-wave pulse. Figure 3 displays the saime record 

before filtering of tlle SH-waveform record with a 1400 Hz FFT - IFFT digital lowpass filter, 

illustrating the presence of higher frequei~cy P-wave energy at the begiillling of the record, and 

distol-tion of the lower frequency SH-wave by residual P-wave signal. 
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RESULTS 

Suspension Results 

Suspellsion R1-R2 P- and SH-wave velocities are plotted in Figures 4, 5 ,  6, 7, 8, and 9. The 

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8, 

respectively. These plots and data are included in the EXCEL analysis files trailslllitted 

separately. 

P- and SH-wave velocity data frolll Rl-R2 analysis and quality assurance analysis of S-R1 data 

are plotted together in Figures A-1 tluougl~ A-6 to aid in visual coinparison. It sl~ould be noted 

that R1-R2 data are an average velocity over a 3.3-foot segment of the soil coluillll; S-R1 data 

are an average over 6.33 feet, creating a significant smoothing relative to the R1-R2 plots. S-Rl 

data are presented in Tables A-1 tluough A-6, and included in the EXCEL analysis files. 

Calibration procedures and records for the suspension PS rneas~u-emeilt systein are presei~ted in 

Appendix B. 
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Discussion of Suspension Results 

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with 

rotai-y nlud (rotary wash) methods, as were these borings. Thus data collected in these uncased 

borings was of veiy good quality. 

Suspension PS velocity data quality is judged based upon 5 criteria: 

1. Consistent data between receiver to receiver (R1 - R2) and source to receiver (S - R1) 

data. 

2. Coilsistent relatioilship between P-wave and SH -wave (excluding trallsition to saturated 

soils) 

3. Consistency between data from adjacent depth illtellrals. 

4. Clarity of P-wave and SH-wave onset, as well as damping of later oscillations. 

5. Collsistency of profile between adjacent borings, if available. 

These data show good toll-elation between R1 - R2 and S - R1. Additionally, there is  a good 

correlation between P-wave and SH-wave velocities, as both show similar velocity inflections. 

Data from adjacent depth intervals ase generally similar. P-wave and SH-wave onsets are clear 

and later oscillatioils are well damped. 

Velocity profiles between borings in the study area are generally similar. All borings exhibit SH- 

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over 

1,000 fps at depth. All borings sllow an increase to water velocitiesin the P-wave profiles at 10 - 

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a sin~ilas 

decrease in P-wave velocity at approxilnately 45 - 55 feet bgs wl~ich typically indicates an 

organic-rich zone. 
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Quality Assurance 

These boring geophysical nleasurelllents were perforined using industry-standasd or better 

metl~ods for measuremeilts and analyses. All work was perfoi-nled under GEOVision quality 

assurance procedures, w l~ i c l~  include: 

Use of NIST-traceable calibrations, where applicable, for field and laboratory 

iilstrullleiltatioil 

Use of standard field data logs 

Use of independeilt verificatioil of velocity data by comparison of receiver-to-receiver and 

source-to-receiver velocities 

Independent review of calculations and results by a registered professional engineer, 

geologist, or geophysicist. 

Suspension Data Reliability 

P- and SH-wave velocity n~eas~lren~ent using the Suspellsion Method gives average velocities 

over a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the 

graphs. In uilcased borings, individual measurements are very reliable, with estimated precisioil 

of +I- 5%. Standardized field procedures and quality assurance cl~eclts contribute to the 

reliability of the data. 
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4 or 7-Conductor cable OYO PS-170 or 

Head Reducer 

Upper Geophone 

Lower Geophone 

Source Driver 

Overall Length - 25 ft 

Figure 1 : Concept illustration of P-S logging system 
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Figure 2: Example of filtered (1400 Hz lowpass) record 
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Far HN 
9.910 

Far HR 
10.140 

Far U 
5.555 

Near HN 
8.830 

Near HR 
8.268 

Near U 
5.895 

Figure 3. Example of unfiltered record 
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SCHldYLER HElM BRIDGE BQRING R48405 
Recrlver ts Receiver V, and V, Analyals 

Q 4 000 2000 3000 4000 SQQQ BQQQ SQQQ 
VELOCITY [WS) 

Figure 4: Boring R-09-007, Suspension R1-R2 P- and &-wave velocities 
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007 
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SCHUYLER HElM BRIDGE BQRING R-091814 
Receiver to Reeeiver V, and V, Analysis 

Q 1 660 2060 3000 4060 6060 BBQQ 7660 
VELOCITY (Ms) 

Figure 5: Boring R-09-014, Suspension R1-R2 P- and &-wave velocities 
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and &-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014 
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SCHMYLER HElM BRIDGE BORING RlbbS42.l 
Reeelver fa Reiceilveir V, and V, Analysla 

Figure 6: Boring R-09-021, Suspension R1-R2 P- and &-wave velocities 
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHUYLER HElM BRIDGE BORING R-09422 
Receiver to Receiver V, and V, Analysis 

-@- Near-Far Receivers. Vs 

Figure 7: Boring R-09-022, Suspension R1-R2 P- and SH-wave velocities 
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022 
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SGHIJYLER HElM BRIDGE SORIMG R-89-825 
Receiver to Receiver V, and V, Analysis 

Figure 8: Boring R-09-025, Suspension R1-R2 P- and SH-wave velocities 

GEOVision Report 9375-01 rev a Page 33 of 72 Novern ber 11,2009 



Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and &wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 

Depth at 

Midpoint Between 
Receivers 

(m) 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025 

GEOVision Report 9375-01 rev a Page 36 of 72 November 11, 2009 



I I","", I "U I I ,UG,  YY- I L . ,  

SCHUYLER HElM BRIDGE BORING R-09428 
Rrcelver ts Rrerlver V, and V, Analysls 

Figure 9: Boring R-09-028, Suspension R1-R2 P- and SH-wave velocities 
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and SH-wave velocities 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028 
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APPENDIX A 

SUSPENSION VELOCITY MEASUREMENT 
QUALITY ASSURANCE SUSPENSION SOURCE 

TO RECEIVER ANALYSIS RESULTS 
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SCHMYLER HElM BRIDGE BORING R49487 
Source to Receiver end Rectalvtar to Recnclver Analysis 

+ Source-Near Receiver? Vs 

Near-Far Receivers, Vp 

Q 1 QQQ 2000 3000 4000 5000 8000 7000 

VELOCITY [Ws) 

Figure A-I. Boring R-09-007, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A- I .  Boring R-09-007, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Between Source a n d  Between Source a n d  
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007 

Depth at Midpoint 
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SCHUYLER HEIM BRIDGE BORING W49414 
Ssarrcs tsr Rscslver nnd Re~eIver ts Rseslver Anelysls 

-D-Source-Near Receiver. Vs 

Near-Far Receivers. Vp 

- 7 4-- - - -~y'~~'~,--- ,=-- , -  W---t---r--t---tlt 

0 1 000 200Q 3000 4000 5000 QQQO 70Q0 
VELOCITY IN%) 

Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-2. Boring R-09-014, S - R 1  quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014 
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SGHMYLER HEIM BRIDGE BQRING R-89421 
Source to Receiver and Rnecelver to Recelvner Analysis 

Q 

+ Source-Near Receiver. Vs 

Near-Far Receivers, Vg  

Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021 
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SCHUYLEW HElM BRIDGE BOWlMO R49422 
$sure@ to Receiver and Reeelver %Q R&X!IVH' Analysis 
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--0--Source-Near Receiver, Vs 

Near-Far Receivers, Vp 

8 2000 4000 QOQO 8000 

VELOCITY (ftls) 

Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and SH-wave data 
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and SH-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022 

Depth at Midpoint 
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SCHMYLEF? HElM BRIDGE BQRIPIG 8189426 
Source to Reeelver nnd Receiver to Reeelver Anelysls 
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Figure A-5. Boring R-09-025, R l  - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Metric Units 

Depth at Midpoint Velocity 

Between Source and 
Near Receiver vs V, 

(m) (mls) (mls) 

2.5 100 990 

3.0 110 1070 

3.5 110 1250 

4.0 , I10 1380 

4.5 120 1360 

5.0 130 1430 

5.5 130 1430 

6.0 140 1470 

Poisson's 
Ratio 

GEOVision Report 9375-01 rev a Page 57 of 72 November 11, 2009 



t ann  ~vlecnanlcs ~nc.  I I U,GbL lYUl  I IUCI VU- I ad 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 

Between Source and Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025 
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SCHUYLEW HEIM BRIDGE BQRINO R49428 
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Figure A-6. Boring R-09-028, R1 - R2 high resolution analysis 
and S - R1 quality assurance analysis P- and &-wave data 
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Table A-6. Boring R-09-028, S - R l  quality assurance analysis P- and &-wave data 

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 

Between Source and 
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio 
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028 
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APPENDIX B 

BORING GEOPHYSICAL LOGGING 
SYSTEMS - NlST TRACEABLE CALIBRATION 
PROCEDURES AND CALIBRATION RECORDS 
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"' Calibration Report 

1Hetrology 
7?OO Fen\\lick Lane 
IIrestnlinster, CA 92683 
'loll Free: 866-72.;-2257 

Manufacturer: o y o  
Model Number: 3403 
Description: Unit, Suspension Telemetry 

Asset Number: 160023 

Serial Number: 160023 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

GEOVision Geophysical Services 
1 124 Olympic Drive 

Corona, CA 92881-3390 

8 ' " J C U L  I . U I I I U C I  V" I L "  

Page I of 4 

Lab Code: 105014-0 

Ambient Temuerature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 

Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0711 712009 

Calibration Due Date: 07/17/2010 

Calibration Interval: 12 Months 

Rem arlts: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NISTINVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISO/IEC 17025:2005, ANSllNCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the uncertaiggij@ted isdhe expyyded uncertainty of the measurement, where k=2. lslon eport 9 5-01 rev a Page 65 of 72 November 11, 2009 

Standards Utilized 
DueDate 
07/29/2009 

11/04/2009 

01/24/2010 

-Gal.-Date 

01/29/2009 

05/04/2009 

01/24/2009 

I.D. No,. 
51-01252 

51-01347 

S1-03686 

l@bi~eefi~: Y z - =: *- :z:*: - -  
5 3 3 5 ~  OPT 010,20304o 

3325A 

91 0 

Manufacturer - - - '. L- 

Hewlett Packard 

Hewlett Packard 

Fluke 

* - 
~&&pjiori: - --&:--- s - L . - - _ - 
Counter, Universal 

Generator, Function, Synthesizer 

Standard, Frequency, Controlled, Gps 



MedCnts CPM: I'osio,~ 2.1.2 (ProJc.sr;o~mlJ 

Src DUI: (9548AF3D-C74D-.IC9F.AEEF-'-?IEF56ODCdSI~ (c) 
Doc DUI: (,IB IOT;J7&4CSF46S0-9ICB-~lOSA72E361CI) (0) 

Test No. 573794 
Custom Specification Report 

Asset No. 160023 Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

ATTACHMENT 2 
Page 1 of 2 
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Out 
of 

 TO^ 
ASLEFT 

CALIBRATION 
TOLERANCE AS FOUND 
----- 

49.50 to 50.50 HZ 
[EMU 0.000250] -- 

99.0 to 101.0 Hz 
[EMU 0.000500j --- 

198.0 to 202.0 Hz  
[EMU 0.001000] 

495.0 to 505.0 Hz 
[EMU 0.0025001 

- - 

990 to 1010 Hz 
[EMU 0.005000] --- - 

1980 to 2020 Hz 
[EMU 0.010000] -- -- 

49.50 to 50.50 H Z  
[EMU 0.0002501 

99.0 to 101.0 Hz 
[EMU 0.000500] ----- -- 

198.0 to 202.0 H z  
[EMU 0.001000] 

495.0 to 505.0 Hz  
[EMU 0.002500] 
---- 

990 to  1010 Hz 
[EMU 0.005000] 

-- -- 

1980 t o  2020 Hz  
[EMU 0.010000] 

49.50 to  50.50 Hz  
[EMU 0.000250] --- - 

99.0 to 101.0 Hz  
[EMU 0.000500] 

- 

198.0 t o  202.0 Hz  

NOMINAL 
VALUE 

STEP 
NUM 

Same 

Same 

Same 
- 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

FUNCTION 
TESTED 

50.00 

100.0 

200.0 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

1000 

2000 

50.00 

100.0 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz  

- 

200.0 

500.0 
-- 

Same 

Same 

CH HN 
Frequency 
Sine Wave 

[EMU 0.001000] _ _ - - -  - 

495.0 t o  505.0 Hz 
[EMU 0.002500] 

- 

200.0 Hz  
P 

500.0 Hz 

--- 

_ . 

2000 Hz  

50.00 Hz 

100.0 Hz 

200.0 Hz  

500.0 Hz  

1000 Hz 

2000 Hz 

50.00 HZ 
- -- 

100.0 Hz  
-- 

I 

CH HR 
Frequency 
Slne Wave 

I 

I 

I 

I 

I 

I 

I 

I 

I 
__---- 

I 

I 

.- 

Remarks: 

CH v 
Frequency 
S ~ n e  Wave ----- 

I 
- 



GEOVision Report 9375-01 rev a Page 67 of 72 November 11,2009 



SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: OYO Model no.: 3403 
Serial no.: 160023 Calibration date: 711 712009 
By: Craig Branson Due date: 7/17/2010 

Counter mfg.: 
Serial no.: 
By: 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: 1/29/2009 
SCE #S1-01252 Due date: 7/29/2009 

Signal generator mfg.: Hewlett-Packard Model no.: 3325A 
Serial no.: 2652A25647 Calibration date: 5/4/2009 

By: SCE #S1-01347 Due date: 1 1/4/2009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 
Delay: 

8 
I OKHz 
See sample period in table below 
0 

Stack (1 std) 1 
System date = correct date and time 711 712009 / O Y O I  

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps file. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +/- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*100)% As found As left -0. 1 1 -[ 

Calibrated by: Craig Branson 711 712009 
Name Date / Signature 

Average 
Frequency 

V (Hz) 
50,oO 
/ B q o  
r-. s 
580. 0 ,  
9qa.q 

Witnessed by: Robert Steller 711 712009 
Name Date Sianature . .-...- - - "  - 

Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 July 21 , 2008 1 

Time for 
9 cycles 
V (msec) 
Ibo.oO 

4 0 . ~ 0  
G 5 . a ~  
1'8.00 
7. Q / 6  

4, $00 

Time for 
9 cycles 

Hr (msec) 
I g0.0o 
q o . ~ s  
4 5 ,  Q O  

1 2 . W  
q . D ~ o  
g.500 

Time for 
9 cycles 

Hn (msec) 
l s o ,  00 

60m 
y 5 . m  
( g . 0 0  
9.000 
4,500 

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

GEOVision Report 9375-01 rev a 

Average 
Frequency 

Hr (Hz) 
50.00 

/ O O . O  

too. a 
500.0 
/06Q 

Laso 

Average 
Frequency 

Hn (Hz) 
5 0 . 0 ~  
/QO.O 

zos.o 
500.0 
/Q@O 

2 6 0 0  

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 
500.0 
1000 
2000 

Sample 
Period 

(micros) 
200 
100 
5 0 
20 
10 
5 

Page 68 of 72 

File 
Name 

401 
402 
403 
404 
405 
406 

November 11, 2009 



SON ESB'" CalibrationReport 

a .YJ"V\ -- 
Page 7 of 4 

M:etlroliogy 
7300 Fen~.\lick I..ane 
Westminster, CA 92683 

GEOVision Geophysical Services 
1 124 Oly~npic Drive 

Corona, CA 92881-3390 

'loll Free: 866-72.3-2257 
Lab Code: 105014-0 

Manufacturer: oyo  
Model Number: 3403 
Description: Unit, Suspension Telemetry 

Asset Number: 160024 
Serial Number: 160024 
Cal. Procedure: Customer 

PO Number: 9200-09071 6-01 

Ambient Tern~erature: 23" C 
Ambient Humidity: 56% RH 
Condition As Found: In Tolerance 
Condition As Left: In Tolerance - No Adjustment 

Calibration Date: 0714 712009 
Calibration Due Date: 07/17/2010 

Calibration Interval: 12 Months 

Remarks: 
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented 
in SCE Document M013987. The data can be found on pages 2 and 3 o f  this report with the original observation data on page 4. 

Standards 1 Jtilized - - - - - - -. . - - - - - - . - - - - - . 
- .  I I.D. No. I Manufacturer' I~-odel No. - . . - ' --l~esci.i~tion 1 Cal. Date 1 Due Date 

--p-~ -- 

151-01252 I Hewlett Packard 15335~  OPT 01 0,203040 ( Counter, Universal 1 01/29/2009 1 07/29/2009 1 
S1-01347 I Hewlett Packard 13325~  I Generator, Function, Synthesizer 1 05/04/2009 1 11/04/2009 

S1-03686 I Fluke 191 0 I Standard, Frequency, Controlled, Gps 1 01/24/2009 / 01/24/2010 

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the  client to claim product 
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the 
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and 
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab 
code 105014-0, and in compliance with ISO/IEC 17025:2005, ANSIINCSL 2540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided, 
the u n ~ e r t a ~ ~ ~ ~ ~ i ~ ~ p " ~ ~ x ~ ~ ~ ~ $ , u ~ ~ e ~ a i n t y  of the measurement, where k=2. 
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Calibration Performed By: - 8 

Branson, Craig A (/k% Metrologist 714-895-0714 -- 
Nn~ne Tillc Pllone 

? "  

QudlitjlRevie~yerj' _ - - a - -  -s 1 

Nntnc 



Test No. 573795 
Asset No. 160024 

Custom Specification Report 
Oyo 3403 Unit, Suspension Telemetry, Page 2 of 4 

Mti,IC,iu CPAC I'ersion 2.2.2 (Projcrsiorrtr~ ATTACHMENT 2 Customer 
Src DUI: (9548AF3D-C74D-4C9F-AEEF-ZIEFS6OBC451) (c) 

Doc DUI: (1?69COB2-3A13-J16,I-8IBFF4O9D9887DDDd) (0) page 1 of 2 
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CALIBRATION 
TOLERANCE 

49.50 to 50.50 Hz 
[EMU 0.0002501 

99.0 to 101.0 Hz 
[EMU 0.000500] 

- 

198.0 to 202.0 Hz 
[EMU 0.001000] 

-- 

495.0 to 505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
[EMU 0.005000] 

- 

1980 to 2020 Hz 
[EMU 0.010000] 

49.50 to 50.50 Hz 
(EMU 0.000250] 

[EMU 0.000500] 
99.0 to 101.0 Hz 

- -- 

[EMU 0.001000] 
198.0 to 202.0 Hz 

-- 

495.0 to 505.0 Hz 
[EMU 0.002500] 

990 to 1010 Hz 
(EMU 0.005000] 

-- 

1980 to 2020 Hz 
[EMU 0.010000] 
- -- 

49.50 to 50.50 Hz 
[EMU 0.0002501 

-- 

99.0 to 101.0 Hz 
[EMU 0.0005001 

- - 

198.0 to 202.0 Hz 
[EMU 0.001000] 

- 

495.0 to 505.0 Hz 
[EMU 0.002500] --- 

Out 
of 

 TO^ 

-- 

-- 

ASLEFT 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 

Same 
- 

Same 

Same 

AS FOUND 

50.00 

100.0 

200.2 

500.0 

1000 

2000 

50.00 

100.0 

200.0 

500.0 

1001 

2000 

50.00 

100.0 

200.0 

500.0 

NOMINAL 
VALUE 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 

100.0 Hz 

200.0 Hz 

500.0 Hz 

1000 Hz 

2000 Hz 

50.00 Hz 
-- 

100.0 Hz 
-- 

200.0 Hz 

500.0 Hz 

STEP 
NUM 

-- 

-- 

- 

-- 

- 

-- 

- 

- -  

FUNCTION 
TESTED 

CH HN 
F~equency 
Sine Wave 

I 
--- 

I 
- 

I 

I 
-- 

I 

CH HR 
FI equency 
S ~ n e  Wave 

I 

I 

I 

I 

I 
-- 

CN V 
FI equency 
Sme Wave 

-- ---E- 
Remarlts: 



hi~rdCnls CPA4: J'errio,~ 7.2.2 (Profc~rio~lol) 
Src DUI: (954B~IF3D-C74D-~IC91;-,IEEF-2/flF56OBC451) (c) 
Doc DUI: (1269CO83-3A13-416A-818F-409D9887DDDd) (0) 

Test No. 573795 
Custom Specification Report 

ATTACHMENT 2 
Page 2 of 2 

Customer 

Page 3 of 4 

CALIBRATION 
TOLERANCE 

990 to 1010 HZ 
[EMU 0.005000] 

1980 to 2020 Hz 
[EMU 0.010000] 

- 

- - 

-- 
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Out 
of 

To1 -- 

Telemetry, 

ASLEFT 
-- 

Same 

Same 

Unit, Suspension 

AS FOUND 

1000 

2000 

- 

Oyo 3403 

NOMINAL 
VALUE 

-- 

1000 Hz 

2000 Hz 

-- 

Asset No. 

STEP 
NUM 

- - 

- -  - 

- 

--- 

-- 

- 

.- - - 

- 

160024 

FUNCTION 
TESTED 

- 

CH V 
FI equency 
Sine Wave 

I 

-- 

- 

- - 

-- 

. - 

- 

-- 

-- - 

-- - 

- 

- 

- 

- -- 

- 

- -- 

-- 

- -- - 



SUSPENSION PS SEISMIC LOGGERIRECORDER CALIBRATION DATA FORM 

INSTRUMENT DATA 
System mfg.: OYO Model no.: 3403 
Serial no.: 160024 Calibration date: 711 712009 
By: Craig Branson Due date: 711 71201 0 

Counter mfg.: 
Serial no.: 
By: 

Hewlett-Packard Model no.: 5335A 
2626A09881 Calibration date: I /29/2009 
SCE #S1-01252 Due date: 712912009 

Sianal aenerator mfa.: Hewlett-Packard Model no.: 3325A u .I " 

Serial no.: 2652A25647 Calibration date: 51412009 

By: SCE #S1-01347 Due date: 1 1 I412009 

SYSTEM SETTINGS: 
Gain: 
Filter 
Range: 

10KHz 
See sample period in table below 

Delay: 0 
Stack (1 std) 1 
System date = correct date and time 711 712009 /037 

PROCEDURE: 
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak 
Note actual frequency on data form. 
Set sample period and record data file to disk. Note file name on data form. 
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as 
.sps tile. Calculate average frequency for each channel pair and note on data form. 

Average frequency must be within +I- 1% of actual frequency at all data points. 

Maximum error ((AVG-ACT)/ACT*l 00)% As found 

Calibrated by: Craig Branson 711 712009 
Name Date V~ignature 

Witnessed by: 

Suspension PS Seismic RecorderlLogger Calibration Data Form Rev 2.0 July 21 , 2008 1 

Average 
Frequency 

V (Hz) 
50. "0. 
/Q@. 0 

Z e 0 . 0  

Target 
Frequency 

(Hz) 
50.00 
100.0 
200.0 

GEOVision Report 9375-01 rev a Page 72 of 72 

500.0 
do00 
2000 

Actual 
Frequency 

(Hz) 
50.00 
100.0 
200.0 

November 11,2009 

500.0 
1000 
2000 

Sample 
Period 

(micros) 
200 
100 
5 0 
20 
10 
5 

File 
Name 

501 
502 
503 
504 
505 
506 

Time for 
9 cycles 

Hn (msec) 
( 9 D . i ~ o  

90.so 
4Y.95 
13.00 
? . ~ O O  

Y , F a o  

Average 
Frequency 

Hn (Hz) 
50.00 

/ O D . &  

Z Q ? ~  
goo.@ ( g . 0 0  Tw.0 8.00 yao. o 

/ 000  , 9 4 0  OQ Q 0 6  0 

Time for 
9 cycles 

Hr (msec) 
/ 8 0 . ~  
q g o o  
L($,Q@ 

Average 
Frequency 

Hr (HZ) 
50.00 
/ a o . ~  
ZQQ.0 

Time for 
9 cycles 

V (msec) 
. 

9 0.00 

45.00 



APPENDIX C. LABOMTORY SOIL TEST RESULTS 



SUMMARY OF LABORAWRY TEST RESULTS 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008 

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc 

DATE: 11/23/2009 SUMMARIZED BY: JT 

*LL,PL,PI = Liquid Limit, Plastic Limit, Plasticity Index 



SUMMARY OF CORROSION TEST RESULTS 

PROJECT NAME: 

PROJECT NO.: 

DATE: 

ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008 

06-1 23-03 CLIENT: Earth Mechanics, Inc. 

1 1/3012009 Summarized By: RJ 



SUMMARY OF LABORATORY TEST RESULTS 
SPECIFIC GRAVITY 

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008 

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc. 

DATE: 12/1/2009 SUMMARIZED BY: JT 



11 s STANDARD SIEVE OPENIN' U.S. STANDARD SIEVE NUMBER 

3" I -  3/dl 3/.3" #4 # I0  #20 #40 #I 00 #200 

GRAVEL 

HYDROMETER 

100 

1 0.1 

GRAIN SIZE (rnrn) 

COARSE I FINE ICOARS 1 MEDIUM I FINE 

SAND SILT OR CLAY 

I 1 Project Name: 

SYMBOL 

IEGL Project No: 09-230-008 

GRAINSIZE 

BORING 
No. 

R-09-035 

. . . . . . . . . 

GEOTECHNOLOGY 
,, LABORATORY 

DISTRIBUTION CURVE 
1 1/29/09 (ASTM D422) FIG[ 

ACTA Heim Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job NO: 06-1 23-03 

SAMPLE 
No. 

U-03 

DEPTH 

(FT) 

15 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

ML 

LIQUID 
LIMIT 

28 

PLASTICITY 
INDEX 

5 



I 
COARSE FINE ICOARS~ MEDIUM I FINE 

GRAVEL 

I1.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER 

3" 1 -  %I' 3/t3'' #4 #10 #20 #40 #I 00 #200 

1 0.1 

GRAIN SIZE (rnrn) 

SAND SILT OR CLAY 

SYMBOL 

~ E G L  Project No: 09-230-008 

GRAINSIZE 

. . . . . . . . . 
. .'.r$.y':. :, , .... ...... , :.., ..,--....... ENVIRONMENTAL ...,.. GEOTECHNOLOGY 
(I.*.. 
.C.Wllr - LABORATORY 

DISTRIBUTION CURVE 
1 1/29/09 (ASTM D422) FIGUf 

BORING 
No. 

R-09-035 

Project Name: 
ACTA Heirn Bridge Replacement 

Client: Earth Mechanic, Inc. 

Job NO: 06-123-03 

SAMPLE 
No. 

U-10 

DEPTH 

(FT) 

50 

SAMPLE 
TYPE 

Shelby 
Tube 

SOIL 
TYPE 

ML 

LIQUID 
LIMIT 

NP 

PLASTICITY 
INDEX 

N/A 



AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

LAB0 RATORY Earth Mechanics, Inc. 







AXIAL STRAIN (%) 

NORMAL STRESS (PSI) 

Earth Mechanics, Inc. 





Project Name: ACTA Heirn Bridge Replacement 

Boring: R-09-035 Sample ID: U-10 Depth (ft): 50 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 

NORMAL STRESS (PSI) 





I 0  I00  

LOG OF TlME (MINUTE) 

Boring No: R-09-035 

Sample No: D-02 

Depth (ft): 10 

Soil Type: ML 

Normal Stress: 1.0 ksf 

I 0  2 0  3 0  40 

SQUARE ROOT OF TlME (MINUNTE) 

Project Name: ACTA Heim Bridge 

I Replacement 

TIME DEFORMATION CURVE 

........ : ENVIRONMENTAL .... ....... 
..... 

GEOTECHNOLOGY 

LABORATORY 

(12/09 (ASTM D2435) ~ i ~ u r e l  

'Iient: Earth Mechanics, Inc 

Project No: 06-123-03 

EGL Project No: 09-230-008 



I 0  100 

LOG OF TlME (MINUTE) 

I 0  20 30 

SQUARE ROOT OF TlME (MINUNTE) 

Boring No: R-09-035 

Sample No: D-02 

Depth (ft): 10 

Soil Type: ML 

Normal Stress: 4.0 ksf 

Project Name: ACTA Heim Bridge 

Replacement 

......... ENVIRONMENTAL 'Iient: Earth Mechanics, Inc ............. 

09-230-008 

1 TIME DEFORMATION CURVE 
1 12109 (ASTM D2435) Figur 



I 

1 10 100 

COMPRESSIVE STRESS (KSF) 

Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void 
(Ft.) Type Content (%) Density (PCF) Ratio 

R-09-035 U-03 15.0 ML 40.8 78.1 1.157 

Earth Mechanics, Inc. 

06-1 23-03 



10 100 

LOG OF TIME (MINUTE) 

10 20 3 0 

SQUARE ROOT OF TIME (MINUNTE) 

Boring No: R-09-035 

Sample No: U-03 

Depth (ft): 15 

Soil Type: ML 

Normal Stress: 1.0 ksf 

Project Name: ACTA Heim Bridge 

Replacement 

TIME DEFORMATION CURVE 

. . . . . . . . ...... ..'..... ENVIRONMENTAL 

1 1 2/09 (ASTM D2435) Figut 

'Iient: Earth Mechanics, Inc 

Project No: 06-123-03 

EGL Project No: 09-230-008 



LOG OF TlME (MINUTE) 

10 20 30 

SQUARE ROOT OF TlME (MINUNTE) 

Boring No: R-09-035 

Sample No: U-03 

Depth (ft): 15 

Soil Type: ML 

Normal Stress: 4.0 ksf 

l~roject  Name: ACTA Heim Bridge I 
Replacement I 

........ ': ENVIRONMENTAL Earth Mechanics, Inc ...... ..... 

GEOTECHNOLOGY Project No: 06-123-03 

LABOR4TORY EGL 09-230-008 

TIME DEFORMATBON CURVE 
12/09 (ASTM D2435) Figure 



1 I 0  100 

COMPRESSIVE STRESS (KSF) 

ACTA Heim Bridge Replacement 
Earth Mechanics, Inc. 

Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void 
No. No. (Ft.) Type Content (%) Density (PCF) Ratio 

0 R-09-035 U-10 50.0 ML 21.6 109.1 0.544 





3.2 
I 

3.3 

z 3.4 ( 
0 
2 3.5 
2 

3.6 
2 w 3.7 
0 

5 3.8 
W 
0 3.9 rr: 
LLI 
a 4.0 

4.1 

4.2 . 
0 1 10 100 1000 10000 

LOG OF TlME (MINUTE) 

3.2 

3.3 

3.4 
Z 
0 3.5 
F 
$ 3.6 
K 
0 3.7 
LL 
W 
0 3.8 
b 5 3.9 
0 nr. 4.0 
W 

4.1 

4.2 

0 10 2 0 30 40 

SQUARE ROOT OF TlME (MINUNTE) 

Project Name: ACTA Heim Bridge 

Replacement 

Client: Earth Mechanics, Inc 

Project No: 06-123-03 

EGL Project No: 09-230-008 

Boring No: R-09-035 

Sample No: U-10 

TIME DEFORMATION CURVE 

12/09 (ASTM 02435) Figure 

Depth (ft): 50 

Soil Type: ML 

Normal Stress: 4.0 ksf 

........ ...... :: .... ENVIRONMENTAL c::% :+; ,.... ,... ........ ...... E-+= GEOTECHNOLOGY 

LABORA,RY 



NORMAL PRESSURE (PSF) 

Normal Initial Final 
Stress Moisture Moisture 
(psf) (%) (%I 

4000 27.0 30.7 
6000 27.0 29.3 
8000 27.0 29.3 

Boring No.: 

R-09-035 

I I I Project Name: I 

Sample 
No. 

D-I 4 

DIRECT SHEAR 
(ASTM D3080) 

........ ............ 

GEOTECHNOLOGY 

LABORATORY 

Fiaure 

Depth (ft) 

70 

ACTA Heim Bridge Replacement 

Client: Earth Mechanics, Inc. 

Project No: 06-1 23-03 

EGL Proiect No: 09-230-008 

Sample 
Type 

Ring 

Soil Type 

SM 

Symbol 

0 

C] 

Cohesion 
(PSF) 
484 
228 

Friction 
Angle 

35 
3 0 



Laboratory No.: 

Date: 

Boring Sample Sample Moisture Dry Density 
No. No. Depth (ft.) Content (%) ( P C ~  

R-09-036 S-03 15 43.6 NA 

R-09-036 D-06 30 32.2 91.8 

R-09-036 D-08 40 32.8 89.5 

R-09-036 S-09 45 38.7 NA 

R-09-036 S-1 1 55 28.4 NA 

R-09-036 D-12 6 0 36.7 91 .O 

R-09-036 ' S-I 3 6 5 25.2 N A 

R-09-036 0-1 4 70 36.9 97.2 

R-09-036 S-I 5 75 14.6 NA 

MOISNURE AND DENSITY TEST RESULTS 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Laboratory No.: 

Date: 

Boring Sample Depth Pocket 
No. No. (feet) Penetrometer (tsf) 

R-09-036 D-02 10 0.53 

R-09-036 D-04 2 0 0.33 

R-09-036 U-05 25 I .OO 

R-09-036 D-06 3 0 0.67 

R-09-036 0-08 40 1.75 

P0CKE"TENETRQMETER DATA 

Client Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



Boring Sample Sample Percent Fines 
No. No. Depth (ft) (%) 

R-09-036 S-01 5 75.38 
R-09-036 S-03 15 79.26 
R-09-036 D-06 3 0 32.51 
R-09-036 S-07 35 21 .I 3 
R-09-036 S-09 45 80.1 5 
R-09-036 S-I I 55 45.51 
R-09-036 S-I 3 65 14.1 1 

PERCENWPASSING NO. 200 SIEVE 

Client Name: Earth Mechanics, Inc. Laboratory No.: 
ACTA Heim Bridge Replacement 

Project Number: 06-1 23-03 



GRAVEL SAND SILT OR CLAY 

COARSE FINE COARSE MEDIUM FINE 

AP Engineering & Testing, inc. 

GRAIN SlZE DISTRIBUTION CURVE 
ASTM D 422 

Client Name: Earth Mechanics, Inc. Tested by: ST Date: 1 111 9/09 
ACTA Heim Bridge Replacement Computed by: KM Date: 11/24/09 

Date: 12/01 109 

SIEVE OPENING SIEVE NUMBER HYDROMETER 

PARTICLE SlZE (mm) 

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type 
No. Depth 

- Gravel Sand Fines 
LL:PL:PI ASTM 

(feet) D 2487 

O R-09-036 U-05 25 0.00 9.35 90.65 NIP ML 

R-09-036 D-10 50 0.00 0.16 99.84 56:29:27 CH 



AP Engineering & Tesiing, Inc. 

ATTERBERG LIMITS 
ASTM D 431 8 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 11/24/09 
Project No.: 06-1 23-03 Checked By: AP Date: 12/01 109 

LIQUID LIMIT (LL) 

PROCEDURE USED 

Multipoint Test 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

O R-09-036 0-02 10 47 24 23 CL 

R-09-036 U-05 25 NP N P NP 



AP Engineering & Tesiing, lnc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: 01/06/10 
Project No.: 06-123-03 Checked By: AP Date: 01/08/10 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL PL PI U.S.C.S 

Number Number (feet) Symbol 

O R-09-036 D-04 20 42 28 14 ML 



AP Engineering & Testing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: WJO Date: 01 10511 0 
Project No.: 06-1 23-03 Checked By: AP Date: 01/08/10 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Number of Blows 

Symbol Boring Sample Depth LL P L PI U.S.C.S 

Number Number (feet) Symbol 

+ R-09-036 S-09 45 24 19 5 CL-M L 



AP Engineering & Tesiing, Inc. 

ATTERBERG LIMITS 
ASTM D 4318 

Project Name: ACTA Heim Bridge Replacement Tested By: DK Date: I 1/24/09 
Project No.: 06-123-03 Checked By: AP Date: 12/01/09 

LIQUID LIMIT (LL) 

PROCEDURE USED 

One-point Test 

Symbol Boring Sample Depth LL PL PI U.S.C.S 

Number Number (feet) Symbol 

+ R-09-036 D-I 0 50 56 2 9 27 CH 



SPECIFIC GRAVITY 
ASTM 0854 

BORING NUMBER R-09-036 

SAMPLE NUMBER U-05 

DEPTH (FT) 25 

SOIL CLASSIFICATION 

METHOD (A OR B) B 

FLASK NUMBER 1 

WT. FLASK+WATER+SOIL, g 385.76 

TEMPERATURE, "C 19.5 

CORRECTION FACTOR I .0001 

WT. DRY SOIL, g 37.81 

WT. FLASK + WATER, g 249.36 

% RETAINED #4 0.00 

% PASSING #4 100.00 

MATERIAL EXCLUDED None 

AP Number: 29-1 121 

Client: Name: Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement Data Input By: KM 
Project No. : 06-123-03 



CORROSION TEST RESULTS 

AP Engineering & Testing, Inc. 

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1 121 

Project Name: ACTA Heim Bridge Replacement 

Project No.: 06-1 23-03 

Resistivity Test and pH: California Test Methods 532 and 643 

Sulfate Content : California Test Method 41 7 

Chloride Content : California Test Method 422 

ND = Not Detectable 

NA = Not Sufficient Sample 

NR = Not Requested 



AP Engineering & Testing, lnc. 

UNCONSOLIDATED UNDMINED TRlAXlAL TEST (UU,Q) 
ASTM D 2850 

Earth Mechanics, Inc. 

Project Name: ACTA Heim Bridge Replacement 

Sample No.: U-05 Depth (feet): 25 

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 

Sample Hieght (inch): Dry Unit Weight (pcf): 

Sample Weight (gms): 1142.84 Moisture Content (%): 

Wt. Wet Soil+Container(gms) 1351.61 Void Ratio for Gs=2.7: 

Wt. Dry Soil+Container(gms) 101 0.90 % Saturation: 

Cell Pressure (ksf): 

Back Pressure (ksf): 

Eff. Confining Pressure (ksf): 

Shear Rate (%/min): 

Maximum Deviator Stress (ksf): 

Ultimate Deviator Stress (ksf): 

Ultimate Undrained Shear Strength (ksf): 

Axial Strain @ Maximum Stress (%) 

Axial Strain (%) 





Remark: I 

ATTERBERG LIMITS 
ASTM 0-4310-04 1 CT-204 

Project No: 06-123-3 Project Name: ACTNSchuyler Heim Bridge Project 

Boring Number: A-09-054 
Sample Number: 0-1 0 

Prepared By: PA 
Pulverized By: PA 

Tested By: PA 
Computed By: JF 

Trial Number 

Number of Blow 

Can Number 

Wt. Wet Soil +Can (gm) 

Wt. Dry Soil +Can (gm) 

Weight of Can (grn) 

Water Content (%) 

~n 70 75 30 4n 3-1 fin 7n ~n .sn 100 

1 Remark: 1 

Boring Number: A-09-058 

Sample Number: S-3 

Prepared By: PA 

Pulverized By: PA 

Tested By: PA 

Computed By: JF 

Liquid Limit (LL, %): 41 )I Plastic Limit (PL, %): 26 11 Plastic Index (PI, %): 15 

Number of Blow 46.0 

45.0 

E 44.0 

f 43.0 

42.0 
L 2 41.0 .- 2 40.0 

39.0 
10 20 25 30 40 50 60 70 80 90 100 

Depth (Wrn): 5 0 8  I 15rn 1 1 
Description: ML 

Date: 
Date: 
Date: 
Date: 

Depth (Wrn): 15 ft I 4.5 m 1 1 

Description: CH 

Checked By: R.J. I Date: 
Container Number 

Air: G-2 
Field: 

Date: 

Date: 

Date: 

Date: 

Trial Number Plastic Limit 

Field Moisture 1 2 3 4 1 2 
Number of Blow 30 - 

Can Number 2 

Checked By: R.J. 1 Date: 

Container Number 

Air: G-9 

Field: 

Wt. Wet Soil +Can (gm) 

Wt. Dry Soil +Can (gm) 

Weight of Can (grn) 

Water Content (%) 

Plastic Limit 

Liquid Limit (LL,% ) 93 1) Plastic Limit PL,%) 34 1 

1 38.99 
I 1 33.08 

26.52 

1 90.1 

Field Moisture 

36.47 37.57 1 38.48 1 31.22 1 34.01 

30.47 31.31 1 31.62 

23.93 24.62 24.52 
91.7 93.6 1 96.6 

1 2 

27 

26 

47.29 

42.63 

31.15 

40.6 

1 34 

1 25 
1 43.96 

1 40.06 

1 30.25 

1 39.8 

3 I 4 1 I 2 

19 1 11 

27 1 28 29 1 30 
46.84 1 46.84 35.59 34.37 ' 
41.69 1 41.49 33.90 32.62 

29.51 1 29.54 27.50 25.97 

42.3 1 44.8 



ATTERBERG LIMITS 
ASTM 011318.84 1 CT-204 

Project No: 06-123-3 Project Name: ACTAlSchuyler Heim Bridge Project 

1) Number of Blow 1 3 4  1 2 6  1 1 9  1 1 2  

Tested By: PA 

11 Can Number I 1 13 1 14 1 15 1 16 1 17 1 18 1 

1 

Boring Number: A-09-058 
Sample Number: S-5 

Prepared By: PA 
Pulverized Bv: PA 

Date: Air: G-2 

52.0 
Number of Blow 

g 51.0 
+ 50.0 
B 49.0 
K s 48.0 
2 47.0 
3 
G 46.0 .- 
9 45.0 

44.0 ! I 8 ,  

10 20 25 30 40 50 60 70 80 90 100 

Depth (ft/m): 15 ft 1 4.5 m 1 1 
Description: CL 

I 

Wt. Wet Soil +Can (gm) 

Wt. Dry Soil +Can (gm) 

Weight of Can (gm) 

Water Content (%) 

1 Remark: 1 

Date: 

Computed By: JF 

Trial Number 

Checked By: R.J. I Date: 

Date: Field: 

Field Moisture 1 2 1 3 4 

Liquid Limit (LL, %): 47 11 Plastic Limit (PL, %): 24 11 Plastic Index (PI, %): 23 

1 43.50 

1 38.71 

1 28.05 

1 44.9 

Remark: 

Boring Number A-09-059 

Sample Number: S-3 

Prepared By: PA 
Pulverized By: PA 

Tested By: PA 

Computed By: JF 

Date: 

38.34 

33.61 

23.43 

46.5 

I Container Number 

38.46 1 40.16 

33.69 1 34.54 

23.88 1 23.55 

48.6 1 51.1 

Depth (ft/m): 15 ft 1 4.5 m 1 1 

Description: MH 

Date: 

Date: 

Date: 

Date: 

Checked By: R.J. I Date: 

Container Number 

Air: G-9 

Field: 

Plastic Limit 

1 2 
Trial Number 

Number of Blow 
Field Moisture 

Can Number 

Wt. Wet Soil +Can (gm) 
5 

1 32.25 
Wt. Dry Soil +Can (gm) 

Weight of Can (gm) 

Water Content (%) 

1 

6 

34.79 

19 1 12 

2 

1 

1 42.27 

1 34 

3 

Liquid Limit (LL,% ) 98 11 Plastic Limit PL,%) 49 11 Plastic Index (PI,%) 49 

2 

39.83 

27 

4 

3 

32.27 1 31.69 32.42 

24.62 1 24.52 
101.2 1 105.0 

1 34.60 

26.53 
1 95.0 

4 

31.95 

23.93 
98.3 

40.01 1 39.22 



Number of Blow 
55.0 t 

I  I  I I I I  I I  

I  I  I  I l l  

I  I  I  I l l  , ! 

I  I  I  I l l  , I I I l l  
I I  I  I l l  
I  I I  I l l  
I I  I  I l l  .- I I  I I I I  q 49.0 I I I 

I  I l l  

48.0 -. 
10 20 25 30 40 50 60 70 80 90 100 

Remark: I 

Number of Blow 
43.0 I 

0 I  I I  I  I l l  
S - 42.0 I ( I I ~ I  

I I , I l l  
I l l  , I  I I I  

I I I 1 1 %  

I  I  I  I  I 1  

I I  I  1 1 1  

I I  I I l k  
I I  I l l  

ul I  I I  I I  I l l  .- 2 37.0 --0 I I I I I I I I  

I  , I  I I  I l l  

36.0 . 
~n 2n 25 ~n 4n 5n fin 7 ~n ~ l n  loo 

Boring Number: A-09-059 

Sample Number: D-9 

Prepared By: PA 
Pulverized By: PA 

Tested By: PA 

Computed By: JF 

Trial Number 

Number of Blow 

Can Number 

Wt. Wet Soil +Can (gm) 

Wt. Dry Soil +Can (gm) 

Weight of Can (gm) 

Water Content (%) 

I Remark: 1 

Liquid Limit (LL,% ) 40 I /  Plastic Limit PL,%) 24 11 Plastic Index (PI,%) 16 

Depth (ft/m): 45 ft I 13.5 m 1 1 
Description: CL 

Date: 

Date: 

Date: 

Date: 

Checked By: R.J. I Date: 

Container Number 

Air: G-9 

Field: 
A- 

Field Moisture 

Plastic Limit 

3 4 1 2 

17 1 11 

27 28 29 30 

46.36 ( 47.78 1 37.38 35.36 

41.34 

29.51 
42.4 1 37.0 

1 

1 30 
25 

1 46.96 

1 42.23 

1 30.25 
1 39.5 

2 

24 

26 
49.31 

44.06 

31.15 
40.7 



Amount of Material in Soil Finer Than No. 200 Sieve 
(ASTM D-1140-97) 

Project No. : 06-123-3 Project Name : ACTAISchuyler Heirn Bridge Project 

l ~ o n t a i n e r  Number I S-5 1 S-5 1 S-5 1 s-5 

Weight of Container (gm) 

l ~ e i e h t  of Drv Soil l e m )  1 164.36 1 164.36 1 96.26 1 22.15 

Remarlc : I 

Boring No. : A-09-056 Prepared By : PA I Date : I Percentage of Maximum 

Sample No. : S-5 Washed BY : PA I Date : I Gravel / Sand I Fine  Size 

I ~ e t h o d  (B) - Soalccd by Deflocculating Agent (Minimum 2 Hours) I Tested I Moisture 1 Sieve 

Container Number I S-6 I S-6 I S-6 I S-6 

Depth ( f t )  : 25.0 

Depth ( m )  : 

I l ~ e t h o d  (B) - Soalted by Deflocculating Agent (3Iinimum 2 Hours) I Tested I Moisture I Sieve I 

ry Weight of Soil + Container (gm) 

l ~ o n t a i n e r  Number 1 S-8 1 S-8 I S-€3 1 S-8 1 

Description : Olive-gray, Poorly graded SAND with SILT (SP-SM) 

Method (A) - Soaked by Water 

Tested By : PA I Date : 

l ~ e t  Weight of Soil + Container (gm) 

0 
Checked By : 

Boring No. : A-09-058 

Sample No. : S-I 

Depth ( f t )  : 25.0 1 
Depth ( m )  : 7.63 1 

Sample 

Date : 

Retained On 

N0.200 1 NO. 4 

93 

Maximum 

Size 

# I0  

Description : Olive-gray, Poorly graded SAND (SP) 

Method (A) -Soaked by Water 

Prepared By : PA 

Washed By : PA 

Tested By : PA 

Checked By : 

Percentage of 

I Dry Weight of Soil + Container (gm) 

Weight of Container (gm) 118.29 I - -  

Date : 

Date : 

Date : 

Date : 

Gravel 

0 

7 

Sample 

351.07 1 341.94 

118.29 1 118.29 

#30 

Retained On  

N0.200 1 NO. 4 

Sand 

96 

- 

: 

Fine  

4 

- I 



Amount of Material in Soil Finer Than No. 200 Sieve 
(ASTM D-1140-97) 

Project No. : 06-123-3 Project Name : ACTAlSchuyler Heim Bridge Project 

Remark : 

Method (A) - Sonkcd bv Wntcr 

Depth ( f t )  : 40.0 

Depth ( m )  : 12.20 

Maximum 
Size 

Boring No. : A-09-058 1 Prepared By : PA I Date : I Percentage of 

Isample No. : D-10 Washed By : PA I Date : 

SamaleNo. : D-8 

Description : Dark olive-gray, SILT with SAND (ML) Retained On 
Sample 

X I ~ e t h o d  (A) - Sonked bv Wnter 1 1 1  
Tested By : PA 

Checlced By : 

Remarlc : 2 

Washed Bv : PA 1 Date : I Gravel I Sand I Fine 

Date : 

Date : 

Boring No. : A-058 Prepared By : PA 1 Date : I Percentage of 

Container Number 

Wet Weight of Soil + Container (gm) 

Maximum 

Dep th ( f t )  : 50.01 Tested By : PA 1 Date : 

Date : 

Description : Dark gray, SILTY CLAYEY SAND (SC-SM) 

Method (A) - Sonlred by Wnter 

Method @) - Soaked by Deflocculnting Agcnt (Minimum 3 Hours) 

0 72 

Sample 

Tested I Moisture 

Retained On 

No. 200 I No.4 

Sieve 

28 #40 



Amount of Material in Soil Finer Than No. 200 Sieve 
(ASTM D-1140-97) 

Project No. : 06-123-3 Project Name : ACTAlSchuyler Heim Bridge Project 

Remark : I 

I Method (B) - Soaked by Defloeculating Agent (hlinimum 2 Hours) I Tested I Moisture I Sieve 

Container Number I S-I6 I S-I6 I S-16 I S-I6 

Maximum 

Size 

#40 

Boring No. : A-09-059 Prepared By : PA I Date : I Percentage of 

Samnle No. : D-9 Washed Bv : PA I Date : I Gravel I Sand I Fine 

Depth ( f t )  : 45.0 

Depth ( m )  : 

l ~ e t  Weieht of Soil + Container (gm) 1 258.23 1 258.23 

Boring No. : A-09-059 

Sample No. : S-10 

Depth ( f t )  : 50.0 1 
Denth I rn 1 : 15.25 1 

Maximum 

Size 

- .- . 

Dry Weight of Soil + Container (gm) 

Weight of Container (gm) 

Percentage of 

I(%\ o f G i l  Passine No. 200 Sieve and Retained on No. 4 Sieve I 

Prepared By : PA 

Washed By : PA 

Tested By : PA 

Checked Bv : 

Description : Dark gray, SlLT (ML) 

l ~ e t h o d  (A) - Sonked by Water 

Tested By : PA I Date : 

Remark : 2 

ry Weight of Soil + Container (gm) 

Date : 

Date : 

Date : 

Date : 

Fine 

69 

Gravel 

0 

0 
Checlred By : 

Sand 

37 

Sample 

Date : 

Retained On 

No.200 I No. 4 

6 94 1/2" 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

Depth below Deel, : 15.0 
,. .- - 

: darkolive-gray, Fat CLAY (CH) 

for difference S.G. 

t. of Dry Soil + Container (gm) 

Wt. of Container (gm) 

Wt. of Dry Soil (gm) 

, < I  Correction , Coefficient ;I 
Dia. (mm) 

(Dl 



--- 

Grain Size (mm) 

-- 

GFWX SIZE ANALYSIS 
(ASTM D-422-63) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

Date : 12/07/09 

for difference S.G. 

Wt. of Wet Soil + Container (gm) 

Wt. of Dry Soil + Container (gm) 

Wt. of Container (gm) 

Wt. of Dry Soil (gm) 

U.S. Sieve Curnulative Wt. Wt. of Dry 'K, Finer 
Size of Dry Soil (gm) Soil (gm) Than I I Liquid 

L in~ i l  

Plastic 
Limit 

U.S. Sieve Cumulative Weight 
Size of Dry Soil (gm) 

No. 30 0.31 

No. 40 

No. 50 0.44 

No. 60 1 
318'' Plastic No. 100 0.99 I 1 98.47 1 98.47 1 I No.4 1 0.00 1 1 fOO.00 1 Index I No. 140 1 

\Vt. of Dry 
Soil (gm) 

'K, Finer 
Than 

99.74 

99.52 

99.32 

No. 8 

No. 10 

Remarlr : above #30 are shell fragments 

% Total 
Sample 

99.74 

99.52 

99.32 

0.02 

Obersvcd 
T ime  

0:Ol 

%Total  
Sample 

99.97 

EL. 
Timc imln.) 

(T) 

23 

Correction 
Dia. (mm) 

(Dl 

Temp. 
( oC) 

Grain 
Diameter 

(mm) 

100 R a  

- 
W 

Correction Coefficient 

(10 1 (L) 

Hydrometer Reading 

No. 200 

Pan 

Orginal 

4.71 

5.16 

Composite 
Corrfction 

Correction 

(R) 

92.70 
- < _  I - , 

F _ 
92.70 

_ -  - ? - . g J r ;  
J*+ _- 
r ,  - 2h..u 



-- 

Boring Sample 
Number Number Soil Description 
-- Lean clay 

-- 

GRAIN SIZE ANALYSIS 
(ASTM D-422-63) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) / CT - 203 

Wt. of Dry Soil +Container (gm) 

Wt. of Container (gm) 

Wt. of Dry Soil (gm) 

U.S. Sieve 
Size 

2.5" 

2.0" 

1.5" 

1.0" 

314" 

112" 

318" 

No. 4 

Correction Coefficient 

Cumulative Wt. 
of Dry Soil (gm) 

No. 8 

No. 10 

0.00 

Wt. of Dry 
Soil (gm) 

0.16 

0.46 

7,' llsl: Plastic No- 100 

100.00 Index No.140 

'%B Finer 
Than 

99.75 

=I 97.38 

Liquid 
Limit 

98 

99.29 

98-97 

97.38 

49 

U.S. Sicvc 
Size 

No. 16 

No. 20 

No. 200 

Pan 

Cumulative Weight 
of Dry Soil (gm) 

0.26 

10.85 

13.25 

Wt. of Dry 
Soil (gm) 

A . ;, 

D/u Finer 
Than 

99.60 

83.36 
, 
j( . ,., 

X Total 
Sample 

99.60 

83.36 
, I '5 I 

'I - -5zzr- - - J- 
'S. : .?  --=-a 



(EPZZP-a MLSV) 

SISKWM 321s m3 

0'02 

O'OE 
7 
n 

2 FOP 
z 
5 
CJ 

0'09 
Y 
/ 

2 0'09 
B .-+ 
2 
s - POL 

0'08 

0'06 

0'00 C - 
00Z# OOL# 09#0S# DE# DZ# BI.1 01-# 8 1  u8fE L I C  $I€ ,,I. S ' L  ,,ZS'ZmE 5 "5 s.9 

s ! s ~ l c u v  ~ a ~ a r u o r p L ~  s a z ! ~  a a a ! ~  paepua~s ~n I 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved 1990) 1 CT - 203 

for difference S.G. 

t. of Dry Soil + Container (gm) 

- -  

U.S. Sieve I Cun~ulative Wt. Wt. of Dry '%I Finer 
Size of Dry Soil (gm) I Soil (gni) I Than 

Liquid U.S. Sieve 
Limit I Size 

No. 1 6  
50 I------- NO. 20  

Cumulative Weigl~t 
of Dry Soil (gm) 

0.04 

Plastic No- 30  

Limit  NO. 40 1- 

- 

Wt. of Dry 
Soil (gm) 

318" Plastic I No.1 I 0.00 

I 314" 

112" 

No. 100 0.34 1 I 99.47 1 99.47 1 No. 140 

--- 

%I Finer 
Than 

99.94 

No. 50  I I 1 30 I= 

Obersved 1 EL. Tcmn. Hydrometer Reading 

'%, Total 
Sample 

99.94 

X Total 1 Grain I I Correction 
Correction Coefficient Sample Diameter Dia. (mm) I 

CII : Gravel 

14 .7  0.00134 

Sand  Fine 

A I Remarlc : 



--- 

Grain Size (mm) 

SIZE ANALYSIS 
(ASTM D-422-63) 



REGULAR HYDROMETER TEST 
ASTM D-422-63 (Reapproved '1 990) 1 CT - 203 

et Soil + Container (gm) 

-- 

Wt. of Dry Soil (gm) 

Obersved EL. Tcrnp. Hydrometer Read i r~g  100 R a  ' X I  Totsi Grain Correction 
Correction Coerficient 

Time Tiinc (rnin.~ ( oC) Sample Diameter Dia. (mm) 
Orginxi 

Composite Correction - 
0:Ol (TI Corrcctio~~ (R) !v 

(mm) (IC) I (L) (D) 

I I 
Remark : /Above #30 are shell fragments 

U.S. Sieve 
Size 

2.5" 

2.0" -- - - 

1 .ST' ---- 
1 .O1' 
-- 

314 " 
112" 

318" 

No. 4 

No. 8 

No. 10 

CII : 45.9 Gravel Sand Fine 
P 

CC: 14.8 27 

Cumulative Weight 
of Dry Soil (gm) 

I .  79 

2.14 

3.73 

34.09 

69.74 

71.27 

Cumulative Wt. 
ofDry Soil (gm) 

-- 

-- 

0.00 

2.25 

1.21 

Wt. of Dry 
Soil (gm) 

'MB Finer 
Than 

100.00 

99.11 

97.87 

Wt. of Dry 
Soil (gm) 

-- 

' X ,  Finer 
T l ~ a n  

98.14 

9 7.78 

96.13 -- 

64.64 

27.65 .- -- 

Liquid 
Limit 

- 
Plastic 
Limit - 

- 
plastic 
Index - 

- 

'MI Total 
Sample 

97.27 

96.91 

95.28 

64.06 

27.41 
3 .=.* - - 

a ; - , ? < , I  

U.S. Sieve 
Size 

No. 16 

No. 20 

No. 30 

~ ~ - 4 0  

No. 50 

No. 60 

NO. 100 

No. 140 

No. 200 

Pan 





ONE-DWIENSIONAL CONSOLIDATION OF SOIL 
ASTM D-2435 1 CT-219 

Device No. : 4 

Project Name : ACTA~Schuyler Heirn Bridge Project 
Project No. : 06-123-3 Set up By : J. F Date : 12/3/2009 
Boring No. : A-09-058 Tested By : J.FR. J. 
Sample No. : 0-4 Time Rate Took By : J. F 
Depth ( f t l m )  : 20.0 16.10 Computer By : JF Date : 12/9/2009 
File No. Checked By : R. J. Date : 
Soil Descriptior : Dark gray, SANDY SILT (ML) 
Method ( A ) : m c o n s t a n t  load increment duration of 24 hours or multiples there for. Minium of two Time -deformation reading are required. 

McthOd ( B ) : BTime-defonauon reading are required on all load lncrementri. Successive load increments are applied after 100 % primary 1 
consolidation is reached, or at conslanl time increments are described in Test Method ( A )  

Final Dial Reading 0.0923 I 











A CTA/Schuyler Heim Bridge Project One-Dimensional Consolidation of Soil 
Time-Deforrnntion Curvc (Sqanrc Root o f  Time Mell~od) 



ONE-DIMENSIONAL CONSOLIDATION OF SOIL 
ASTM D-2435 1 CT-219 

Device No. : 5 

Project Name : ACTA/Schuyler Heim Bridge Project 
Project No. : 06-123-3 Set u p  By : J. F Date : 12/3/2009 
Boring No. : A-09-058 Tested By : J.F/R.J. Date : 12/3/09-12/13/0 
Sample No. : D-6 Time Rate Took By : J. F 
Depth(ft1m) :30.0 19.15 Computer By : JF Date : 12/9/2009 
File No. Checked By : R. J. Date : 
Soil Descriptior :Dark gray, SILT with SAND (ML) 
Metllod ( A ) : D c o n s t a n t  load increment duration of 24 hours or multiples there for. Minium of two Time -deformation reading are required, 

-- 

Metl~od ( B ) : DTIrne-deformation reading are required on all toad increments. Successive load incremenls are applied after 100 % primary 1 
consolidalion is reached, or at conslanl time incremenls are described in Test Melhod ( A ) 

Weight of dry soil + ring + conta 

















DIRECT SHEAR TEST 

ASTM D-3080-04 

Project No. : 06-123-3 Project Name : ACTA/Schuyler Heim Bridge Project 

Normal Stress @sf/ksf/kPa 



I Normal Stress (ksf) I 
I 

Ultimate : 0 I Shear Type :I Inundated I Undisturbed I Peak : @ 
I 
I 

5.5 

5.0 

4.5 

4.0 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

0.0 
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 

Horizontal Deformation (inch) 

Boring No. : A-09-058 0.48 1 (kso 0.25 
Strength Intercept (C) : 

(Mr) 

Sample No. : D-10 22.83 1 (ma) Pealc 11.91 (kPn) Ultimate 
Depth (rum) : 50.0 (0.00 Friction Angle ( d, ) : 29.48 1 Degree 28.95 Degree 

Description : Dark gray, SIL7Y CLAYEY SAND (SC-SM) Shear Rate (inch/minule) : 0.02 
MOISTURE DRY DENSITY VOID NORMAL STRESS PEAK STRESS ULTIMATE STRESS 

SYMBOL 
CONTENT (%) (pcf) I (w/m3) RATIO (ksf) (Wa) (ksf) (IcPa) (ksQ (Wa) 

@ 24.60 99.45 15.65 0.69 3.00 143.64 2.16 103.42 1.87 89.63 

--@ 25.06 98.46 15.50 0.71 6.00 287.28 3.90 186.73 3.66 175.24 

A 29.93 93.77 14.76 0.80 8.00 383.04 4.98 238.44 4.62 1221.21 

I 

Project No. : 06-123-3 
Figure No. : 

Earth Mechanics, Inc. 
Geutuchnicul and Earthquake Engineering 

I 

ACTA/Schuyler Heim Bridge Project 

DIRECT SHEAR TEST (ASTM D-3080) 



DIRECT SHEAR TEST 

ASTM D-3080-04 

Project No. : 06-123-3 Project Name : ACTAlSchuyler Heirn Bridge Project 





MEASUREMENT OF SOIL CORROSMTY 



MEASUREMENT OF SOIL CORROSIVITY 

I. IYcighl IiIN.11 gnz ~onrpk soil b? ndd 3110 arL of dislilkd ivnrcr. Stopper orld shnh 
~fligororrsly for 20 secorld,r, rcdnking nicr one Itorrr nnd Icr i f  r e11  nvcr niglrr. 2. Porrr 30 
rrll nligrror offillcrcd sodr~ion irllo n 15fl 1111 benkcr? llrcn c11eckpH. IIpX is in llrc rnrlge 6 
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TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 19.4 in

Min= -15.8 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 6 - FN

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 39.1 in/s

Min= -18.6 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.51 g

Min= -0.45 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 



APPENDIX E. REVIEW COMMENTS AND RESPONSES 



Rc: MSE Wall BDA Section 

Subject: Re: MSE Wall BDA Sectioil 
From: Seungwoon Hail <seungwoon - l~an@dot.ca.gov> 
Date: Mon, 12 Apr 2010 12:09:05 -0400 
To: Arid Arulmoli <asiili~~oli@eai.tl~~~ecl~.com> 
CC: Eric Brown <e.bsowl@eartl-~n~ecl~.coi~~>, "Haitao-Liu@dot.ca.gov" <Haitao Liu@doi.ca.gov>, 
Pal Wilson <P. Wilsoi~@eaitl~mecl~.coi~~>, Ranjan Gui~al-anjai~ <ra i~j rn@ea. t l~ i~~ec~.coi~~>,  Dell-Jeng 
Jang <dell-jeilgj mg@dot.ca.gov> 

Arul, 

As we discussed over the phone, I summarized our comments below. Please note that all comments 
below, and our previous comments on the bridges are applicable to all the wall reports. Also, I removed 
some of comments that we resolved during discussion. If you have any questions, Please contact us. 

Comments on retaining wall reports 

1. Please revisit idealized soil profile and parameters, and revise them if necessary. Especially when 
global slope and external stability is considered, a failure tend to develop through a weak layer, which 
should be considered in the design. Therefore, layers with averaged parameters may not represent the 
weak layers. Also confirm undrained residual strength of liquefiable layers. 

2. Please provide stability analysis for each phase construction if strength increase is considered with 
phase construction. 

3. Please check allowable static long-term and short-term settlement, and seismic induced settlement 
with the Structure. Especially, caltrans standard cantilever walls may not carry the settlement estimated 
in the report. Also, when calculating bearing capacity of the standard wall, settlement should be 
considered since settlement will control the footing design for most sandy soils. 

4. Backfill material and soil corrosivity requirement should conform to our standard special provision 
(SSP) for MSE wall. The requirement in SSP is more stringent than that in BDS. 

5. Please provide a table showing bearing capacity FOS and minimum strap length to meet external 
stability, global stability and settlement. 

6. Structural backfill is assumed to have a friction angie of 34 degree with zero cohesion, and 
compacted to a minimum 95 percent. 

7. For Wall A l ,  please check inputs regarding a spreadsheet, "Stress at Various Points Below an Earth 
Embankment." The Inputs for embankment geometry is not consistent with real embankment geometry. 

8. Please verify bearing pressure of MSE wall. Caltran will also check BDA provided by EM1 

9.For Wall H I ,  end bearing of ClDH pile for retaining wall should be limited to consider potential defect 
at the pile bottom during construction. Also, ClDH pile construction should comply to Caltrans SSP. 



A ACREE FULLY WILLCOhlPLY 
0 AGREE PMTLY SEENOTED EXCEPTION5 
? FIIWRRFF RFABOffiARENOlEO 

NO. 

1 

. - . - . . - - - 

D COIMENT HAS BEEN SUPERCEDED BY DESIGN DNELDPhIENT Page 1 of 3 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. 

Tab: Walls 65% PS&E 

Reviewed By: COMMENTS 

Please revisit idealized soil profile and parameters, and revise them if 
necessaiy. Especially when global slope and external stability is 
considered, a failure tend to develop through a weak layer, which should be 
considered in the design. Therefore, layers with averaged parameters may 
not represent the weak layers. Also confirm undrained residual strength of 
liquefiable layers. 

RESPONSE BY: 

Patrick Wilson 
(PW). 

Eric Brown (EB). 
K. Aml Arulmoli 
(KA). Kandiah 

Pratheepan (KP) 

ACTION 
REQ'D 

A 

RESPONSE 

I. Wall A i .  The residual shear strength for the liquefiable 
material between El. -5 ft and -22 ft was revised to be 
700 psf consistent with the lowest NI(6O-CS) blowcount 
in that layer; 13 bpf for R-09-0381 D-4. Revised global 
stability analysis indicates a pseudo-static factor of 
safety greater than 1.1, meeting Caltrans requirements. 
Revised global stability calculations are attached. 

II. Wall C1. The residual shear strength for the 
liquefiable material between El. -1 1 ft and -25 fl was 
discretized into two layers (1) the material between El. - 
11 ft to -20 ft revised to be 1200 psf consistent with the 
lowest Ni(60-CS) blowcount in that layer of 24 bpf for R. 
09.00915-4 and (2) material between El. -20 ft to -25 fl 
revised to be 600 psf consistent with the lowest Nl(60- 
CS) blowcount in that layerof 10 bpf for sample R-09- 
01 11s-5. Revised global stability calculations are 
attached. 

Ill. Walls EllE2. The critical layer in the global stability 
analysis is the material between El. -5 ft and -17 ft and 
is modeled as 600 psf, which is supported by triaxial 
test results performed on three different samples; R-09- 
033111-4, R-09-0341U-3 and R-09-0351U-3. 

IV. Walls GllG2. The idealized soil profile beneath walls 
GilG2 has been revised. The critical revision was the 
reduction of the undrained shear strength in the layer 
from -6 to -23 ft to 650 psf, which was verified as the 
most conservative strength in that layer, according to 
the lab test data. 

V. Wall Hi. The undrained shear strength of material 
between El. -5 ft and -30 fl was reduced from 750 psf to 
700 psf, which is supported by triaxial test results 
performed on samples R-09-0361U-5 and R-09-0371U-6. 

DATE 

STATUS 
(OPEN 1 
CLOSED) 



RESPOlBESFOR WTIi3tREaD 
A AGRCC FULLY WILLCOMPLY 
B AGRCE PARTLY SEENOTED EXCEPIIONS 
C DISAGREE REASONfi ARE NOTED 

MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E l  (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE 
Wall G I  (Bridgle No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H I  (Bridge No. 53-XXXX) 

D C O U I l E N i W  BEENSUPERCEDED BY DESIW OEVELWhlENl 
E OUESTIONONLY ANSWERTHEOUESTION 

Page 2 of 3 

CURRENT 
STATUS 
(OPEN I 
CLOSED) 

Tab: Walls 65% PSRE 

COMMENTS 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

PWIEB IKA  

P W I  EB I KA I KP 

PW I EB I KA I KP 

PW I EB I KP 

FORM 

Caltrans District 7 
Geotechnical Design South - 2 

District-Co-Rte-PM: 

EA No.: 

DATE 

April 12. 2010 

ACTION 
REQ'D 

A 

A 

A 

A 

Milestone: 
Consultant: 

NO. 

2 

3 

4 

5 

SUBMITTAL REVIEW 

07-LA-47-PM (Varies) 
238501 

RESPONSE 

Will comply. Strength increase due to consolidation of 
fine grained layers was considered in the global stability 
analysis of MSE walls E1-E2 and MSE wall GI. Global 
stabiiity analysis for the temporary condition during 
constmction for these walls indicate a factor of safety 
greater than 1.25 for all wails. Global stability 
calculations for the temporary condition for these walls 
are attached. 
Will comply. Based upon our conversations with wall 
contractors, the allowable differential settlement for an 
MSE Wail is 1% along the wall length. Static and 
seismic settlement calculations indicate the anticipated 
differential settlements are within the tolerable limits for 
MSE walls. 

For retaining wall G2 (standard cantilever wall) the 
settlement analysis has been revised to account for the 
proposed staged constmction and indicates the 
anticipated static settlement beneath the proposed wall 
afterfooting construction is less than 4 inches with a 
maximum differential settlement of 2 inches along the 
wall length; which is considered within the tolerable 
limits of a Caltrans Standard Type 1 wall. The 
recommendations in the report have been revised to 
require that wall G2 should not be constucled until the 
settlment period for the embankment is complete (a 
temporary shoring wall will be required to retain the 
embankment during the settlement period). The revised 
settlement calculations are attached. 

The bearing capacity calculations for retaining wall G2 
have been revised according to the methodology 
proposed by Meyerhoff (1956) considering that the 
footing will be embedded in granular fill material 
compacted to 90% relative density. The revised bearing 

Will comply. The corrosion requirements for MSE 
backiill will be revised and are attached. 
Will comply. A table will be added lo the "Bearing 
Capacity" section that will list the FOS for bearing 
capacity and global stability for a range of strap lengths. 
A sample table for MSE Walls El-€2 is attached. 

DWG NO./ SPEC 
NO./ SECTION 
NO.. ETC. 

65% PSLE 
Earth Mechanics. 

Reviewed By: 

Inc. 

COMMENTS 

Please provide stability analysis for each phase construction if strength 
increase is considered with phase constmction. 

Please check allowable static long-term and short-term settlement, and 
seismic induced settlement with the Structure. Especially, caltrans standard 
cantilever walls may not carry the settlement estimated in the report. Also, 
when calculating bearing capacity of the standard wall, settlement should 
be considered since settlement will control the footing design for most 
sandy soils. 

Backfill material and soil corrosivity requirement should conform to our 
standard special provision (SSP) for MSE wall. The requirement in SSP is 
more stringent than that in BDS. 

Please provide a table showing bearing capacity FOS and minimum strap 
length to meet external stability, global stability and settlement. 



RCSWEES FOR ACTION REQD 
A AGREEFULLY WILLCOhlRY 
B AGREE PN(1LY SEE NOTCO EXCEPIIOIIS 

MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E l  (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE 
Wall G I  (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H I  (Bridge No. 53-XXXX) 

C DISAGREE REASWSARENOTED 
D COI.IMENT HN BEEN SUPERCEDED BY DESIW DEVELOPMENT 
E WESTIONONLY ANSWERTHE WESTION 

Page 3 of 3 

CURRENT 
STATUS 
(OPEN 1 
CLOSED) 

SUBMITTAL REVIEW COMMENTS FORM 

Tab: Walls 65% PS&E 

Reviewing Agency: 
Functional Unit: 

Review Date: 

RESPONSE BY: 

PW I EB I KA I KP 

PW I EB I KA I KP 

PW 1 EB 1 KA 1 KP 

PW I EB I KA 

PW I EB I KA I KP 

P W I  E B I W  I K P  

PW EB KA KP 

Callrans District 7 
Geolechnical Design South - 2 

District-Co-Rte-PM: 

EA No.: 

DATE 

April 12, 2010 

07-LA-47-PM (Varies) 
238501 

Milestone: 
Consultant: 

NO. 

6 

7 

8 

9 

10 

11 

12 

ACTION 
REQ'D 

A 

A 

A 

A 

A 

A 

A 

65% PS&E 
Earth Mechanics, 

Reviewed By: 

DWG NO./ SPEC 
NO./ SECTION 
NO., ETC. RESPONSE 

Will comply. Idealized soil profiles and global stability 
analyses have been revised to reflect a 34 degreelzero 
cohesion material for structural backfill. 
Will comply. The stress calculations as part of the 
settlement analysis beneath MSE Wall A1 which now 
reflect the current geometry of the proposed 
embankment are attached. 
Will comply. Based upon our conversations with the 
designerj, the demand bearing pressures listed in the 
Caltrans BDA (2002) are suitable for use in determining 
demand bearing pressures for walls with a level bacMill 
and equivalent vehicle surcharge. 
Will comply. Axial capacity calculations have been 
revised to limit the end bearing to no more than 20% of 
the nominal resistance. Revised axial pile capacity 
calculations are attached. 

Also, the recommendations provided in Section 6.2 
"CIDH Pile Construction" have been confirmed to be in 
compliance with Caltrans SSP'S. 

Will comply. LOTB's have been revised to only show 
SPT blowcounts. 

Will comply. Settlement rate calculations have been 
revised to use the lowest consolidation coefficient 
determined from lab testing. Revised settlement 
calculations are attached. 
A section will be included to each report that addresses 
the settlment benath adjacent utilities. 

inc. 

COMMENTS 

Structural backfill is assumed to have a friction angle of 34 degree with zero 
cohesion, and compacted to a minimum 95 percent. 

For Wall AI, please check inputs regarding a spreadsheet, "Stress at 
Various Points Below an Earth Embankment." The Inputs for embankment 
geometry is not consistent with real embankment geometry. 

Please verify bearing pressure of MSE wall. Caltran will also check BDA 
provided by EMI. 

For Wall HI ,  end bearing of ClDH pile for retaining wall should be limited to 
consider potential defect at the pile bottom during const~clion. Also, ClDH 
pile construction should comply lo Caltrans SSP. 
From Review of Bridge Foundation Reports - Log of Test Borings. 
Except for the standard split sampler, blowcounts recorded by driving 
any other sampler should not be shown in the LOTBs. 

From Review of Bridge Foundation Reports - Consolidation Coefficient (CV) 
is a function of the effective overburden and pre-consolidation stress for a 
given soil. Please present the correlation curve between consolidation 
coefficient and applied vertical pressure, and select the lowest coefficient, or 
the coefficient value under the actual effective overburden by the end of 
construction for the settlement evaluation. 

Settlement of adjacent utilities. 
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July 15,2010 

Subject: Final Baselint: Hydroacoustic Survey PIan for Commodore Schuyler F. Heimi 
Bridge, Demolition and Replacement Project, Long Beach, California 

Dear Elaine: 

Enclosed are three (3) copies of the above reference plan. The final workplan is the same as the revised. 
final workplan (with a few mi:lor typo corrections) which incorporated comments from ACT4. Upon 
review of the plan by the National Marine and Frsheries Service (NIVIFS I, Tetra Tech will prepare 
responses to comments, if necessary. 

If you have any c1ut:stions or nel~d additional information, do not hesitate lto contact me at (626) L.70-2415, 

Sincerely, 

A&AJ 
Heather Benfielc 
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1.0 INTRODUCTION 

Tetra Tech, Inc. (Tetra Tech) has been retained by the Alameda Corridor Transportation Authority 
(ACTA) to conduct baseline hydroacoustic monitoring in support of the environmental studies required 
during replacement of the Commodore Schuyler F. Heim Bridge, located in the city of Long Beach, 
California, hereafter referred to as the "Bridge" or the "Site". Figure 1 presents the location of the Bridge 
and surrounding area. This workplan has been prepared to describe the work procedures that will be 
adhered to while conducting the survey. Determining local baseline or ambient noise levels are necessary 
for quantifying potential harassment take of marine mammals, and for developing mitigation measures, 
such as safety zones, for avoiding or minimizing take. 

2.0 PROJECT BACKGROUND 

The Schuyler Heim Bridge was built between 1946 and 1948 and connects Terminal Island to the 
mainland. The California Department of Transportation (Caltrans) has been the operator of the Bridge 
since 1974. The bridge requires replacement because it does not meet current seismic safety standards. 
The project consists of replacing the existing bridge with a fixed-span bridge along and east of the 
existing bridge alignment. The Project will also reconstruct the northerly and southerly approaches to the 
bridge and maintain connectivity to State Route (SR) 103 and Ocean Boulevard. The width of the 
navigable channel (distance between bridge support columns and fenders) will be 180 feet, the same ias 
the existing width. Construction is expected to take approximately two to three years and is scheduled to 
begin in 20 1 1 with pile driving to be conducted in Fall of 20 1 1 .  

Both impact and vibratory pile driving will be required for the installation of piles necessary fix 
construction of the temporary trestles for access, the falsework for placing the forms to pour concrete, and 
the coffer dams used to isolate each of the four existing piers for removal. Because pile driving generates 
underwater noise at levels potentially harmful or disturbing to marine mammals, a number of measures 
have been identified (Section B-2 Protecting Aquatic Communities in the Project Record of Decision 
[ROD]) that would avoid, minimize, or mitigate these effects to marine mammals. These measures 
include using bubble curtains and caps to attenuate noise generated by pile driving, and establishing 
safety zones whereby noise-generating activity is shutdown at the approach of a marine mammal to these 
safety zones. Subsequently, in order to determine effective safety zones, both the existing ambient noise 
levels in the absence of pile driving and the maximum noise levels generated by the two pile driving 
methods (impact and vibratory) during construction shall be identified. 

To meet the objectives of the measures identified in the ROD, there are three work elements to be 
completed: 1) development and implementation of a baseline hydroacoustic survey plan, 2) development 
and implementation of a pile driving (consbuction) hydroacoustic monitoring work plan, and 3) 
development and implementation of a detailed marine mammal monitoring and mitigation plan. This 
document addresses only the baseline hydroacoustic survey workplan; the pile driving (construction) 
hydroacoustic monitoring workplan and the marine mammal monitoring and mitigation plan will be 
prepared by Caltrans upon completion of the baseline hydroacoustic monitoring. However, a conceptual 
marine mammal monitoring and mitigation plan has been prepared and provided in Appendix A. 

The objective of the baseline hydroacoustic survey plan is to describe the methodology to be used to 
document the existing underwater acoustic environment of the Cerritos Channel, in proximity to the 
Bridge. The results of the survey will be used to identify an appropriate marine mammal harassment 
safety zone during vibratory pile driving activities. 

Tetra Tech 
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3.0 HYDRO ACOUSTIC PLAN OBJECTIVE 

Althoilgh marine rnammal use in the vicinity of the Bridge is very low, limited 10 primarily the occasional 
California sea lion (Zalophus californianus) or Pacific harbor seal (Phocla vitzrlin~l richardn'i), lboth non- 
Endangered Species Act-listed ~narine mammals, exposing marine mamimals to continuous underwater 
construction noises exceeding 120 dB or impulse noises exceeding 160 dB imeprt:sents a Level 13 take 
(harassment) violation of the Marine Mammal Protedion Act ( M A ) .  Ac:corJing to the NMFS, sounds 
introduced into the sea by man-made devices could habe deleterious effect on marine marnma.1~ by 
callsing stress or injury, interkring with comnl~nic~atiorl and predator/prey detection, and changing 
behavior. NMF!; iis curre~ltly determining safety criteridguidelines for marine species e?q)osc=d to 
underwater sound, and has determined that 180 dB re 1 pPaws (190 dB for pimlipeds) is the impulse 
sound presser level that can be received by marine nlamrnals without injiuy. In otherwords, exposing 
cetaceans to noise levels exceedling 180 dB and pinnipeds exceeding 190 dB represents a more serious 
Level A injury 01- lethal take. The Project c;ommitment is to avoid aqy l e v ~ l  of take by establishing 
effective safety zlones whereby noise-generating activity (pile driving) is shutdolwn in the evenit of a 
marine mammal approaching a safety zone. 

Noise generated fi-om pile driving activities is often loud enough to harm (1,evc:l A take) olr harass (Level 
B take) local populi3tions of marine mammals. As noise attenuates as a function of the distcz~lce from 
source, at some point the noise declines to levels no longer of concern to rnarine mammals. For vibratory 
pile driving, a coiltinuous noise source, the threshold for Level B take is the 120 dB isopleth. 'To avoid 
Level B take, the water surface area extending to the 120 dB isopleth will be monitored (ly tirained 
marine mammal biologists), and pile driving activity will be shutdown at the observed approach of a 
miuine mammal. However, if thke estimated distance (based on previous studie:;) to the 120 dB isopleth is 
relatively great (a large zone olf in-fluence, ZOI), the11 man:y marine mamrnal o Jservers may be needed to 
effectively monitor the harass~nent safety zone. Reducing the size of the ZOI (and therefore the: ni-~mber 
of observers) can ble accomplished by 1) attenuating the noise levels using txhniques such as: caps or 
bubble curtains (which is not c;snducted for vibrato~y pile driving), 2) determini~ig; the actual distance to 
the 1:20 dB isop1c:th from field measurements (which cannot be conductc:d pr or to constnictiarl) and 3) 
determining whether the ambient noise levels already exceed 120 dB (which can be conducted prior to 
construction). 

In marine environments where the background or ambient iioise levels are already higher than 1'20 d B, the 
threshold of conclerl becomes the ambient level, and only areas ensonified by noise louder than ambient 
need to be monitclred. Therefor(:, assessing local ambient or background noise levels in the vicinity of the 
pile driving const,ruc;tion activities is important to determine the actual areas thld need to be monitored for 
marine mammals, especially in 'high energy intdustri(a1 environments where ambient noise levels arc: high. 
Thus,, the purpose of this workplan is to identify protocols to collect and report baseline (ambient) 
unde~water noise levels at tl~e Schuyler Heim Bridge project site. The rc:sults of'the survey will ble used 
during deve1opmc:nl: of the marine mammal monitoring and mitigation plan to identiify the init:lal safety 
zone that will be ~nonitored during all pile driving activities. 

Tetra Tech will design and execute an underwater sound monitoring survey to collect, analyze, iald record 
urldemater acous,tic: data to characterize preconstru.ction background soilrld 11:vels and residud ambient 
sauntl levels in areas of proposed activities that have the potential to injure 01. disturb marine nlamnmals. 
In order to quantify the underwater sound, three main measurement instru nentation compo~lents are 
required: (1) hydl-ophones and signal conditiolning, (2) data acquisition and pr~ces,sing, digital recording, 
artd a. real-time display system, and (3) geographic positioning system. 
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Tetra Tech will measure and record underwater sound levels by collecting short-term data at set distances 
and hydrophone water depths. Figure 2 presents the area for the proposed sampling program. The 
Cerritos Channel and the adjacent basins (East Basin to the west and Turning Basin to the east) are well 
traveled by commercial vessels and recreational boats, and are expected to be relatively homogenous 
acoustically, with similar underwater background sound levels and exposure to noise sources. To 
maximize the number of spot measurement locations and reduce the effects of hydrostatic pressures and 

.. . . - - resulting extraneous noise from a stationary fixed system due to 
current flow, the hydrophones will be deployed over the side of a 
workboat such that the hydrophones drift away from the vessel as it 
moves freely along a transect. The hydrophones will be suspended in 
the water column and secured to an anti-heave buoy, which will 
position the sensors at a constant distance below the surface of the 
water. In addition, the line will be weighted at the lower end to 

HP4"""m maintain a vertical profile. At a minimum, two hydrophones will be 
deployed per measurement period. One hydrophone will be situated 
at the approximated 113 of the average depth of the water column at 
the test locations and the second will be placed at 213 of the average 
depth to sample the variation in the sound field with depth. To assess 
spatial variations, measurement locations will be completed along 
radial transects from a vessel, which traverses the channel at set linear 
distances from the Bridge. Measurement extents are shown in Figure 
2 and consistent with where construction monitoring is anticipated 
will take place and at depths that are assumed to cover the behavior of 
the species considered. Typically, the work-boat starts at a minimuim 
of 100 feet away from the future area of future pile driving and then a 
series of measurements completed using a sprint/stop/measure 

Reference: Draft ANSI Standard procedure. Typical measured sequences will last for a period of 5 to 
S12.64- 200X 
Revision 12, May 21,2009 

10 minutes, depending on current strength. The vessel then moves ito 
a new position along the transect. Using this methodology, it is 

anticipated that multiple measurements can be completed in 200 to 300 foot intervals at distances of up .to 
one mile in the principal channel east-west directions. 

Immediately prior to the fieldwork program, a sound velocity profile will be collected using a current- 
temperature-depth (CTD) sounder. In the shallow coastal waters and coastal inlets, the water column is 
typically well-mixed and isothermal, but seasonal variations may occur. It will be required that the 
vessel's engines, depth sounder, generator, and other equipment that may contaminate the sound signal 
will be shut down prior to hydrophone deployment. The position of the vessel will be monitored by GPS 
over the entire duration of the measurement period. 

Tetra Tech will utilize three (3) Bruel & Kjaer model BK8104 or Reson model TC4040 broadband 
hydrophones. Factory calibration certificates and sensitivity specifications will be submitted with the 
baseline sampling report. The TC4040 and BK8104 hydrophones are more sensitive than most other 
hydrophones, even at the extremes of its frequency range. With a dynamic range in excess of 90 decibels 
(dB), these hydrophones are of the few that are suitable for the measurement of noise with a highly sloped 
spectrum, such as shallow water background noise. The hydrophones will be equipped with extended 
length integrated water blocked cables suitable for use in the general area of the Bridge. These units will 
have waterproof connectors for signal input following conditioning directly to multichannel real time 
frequency analyzers capable of 113 octave and Fast Fourier Transform spectra analysis with data 
measured in the frequency range of 20 to 20 kilohertz (kHz). The underwater sound levels will also be 
recorded with calibration tones recorded immediately prior to each measurement period, for reference 
purposes. The sampling rate will be set to a minimum of 12,000 (12k) samples per second (sps). A 
general rule of thumb is that the playback of a digital sound recording will provide accurate reproduction 
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of frequency content up to 0.48 times the recording sample rate. Thus, a 12k sa~nple rate would provide a 
recording having good fidelity over the entire range of pile driving sound, wi.h principal sound energy 
gerlera~lly found below 2,000 hertz (Hz). 

The target mobilization date for the Bridge reconstruction has not been fina1i:zed. Baseline rn~cnitoring 
will be completed during the same season that pile {driving is anticipated. Following completion of the 
sound survey, sound measurement data and recordings will be immediately downloaded in the: field for 
sul~sequent analysils ;at the Tetril 'Tech acoustics lab. Sound levels will be c:crrelated to field log~~c~oks and 
all data analysis iilcluding engineering calculatiions will be conducted for ir~c,Iusjon in the report. 

Tetra Tech will report the background noise levels in tenlis of root-mean-squxe decibels ((dBMds) for a 
daytime 10-hour period, which is sufficient based on our experience to capture the: temporal variation in 
sound levels that occur at the Site. The spectral cornposition and overall brcadbiand sound lcnrels vary 
relatively slowly, so that a high level of temporal resolutiolr~ is not necessay. The PMS sound values will 
be calculated using 30-secortd averages for each period of' data collected. 'The 30-second RMS averages 
will then be calculated as energy averages and reported for cumulative hourlj and ten-minute intervals. 
Measurements identified as absent of obvious human influence, i.e. ship trlovc merlts within vi!nral sight, 
will ble reported as ambient sound levels as a separate subset of the entire me.3surement progra~n, to the 
extent that these conditions occur. The fbll range: of measurement data will be compared to PtlMFS 
thresholds and plottled as a cumulative distribution function. Measured backg,round frequencie:; in one- 
third octave band levels will also be presented. The one-third octave band data may be useful iln the 
analysis of potential impacts pertaining to species of concern to establish :q)ecil:s-specific ;acoustic impact 
thresholds. Relevant phases fior a detailed acoustic analysis are defined ;as times of typical and extreme 
acoustic noise errlission. For each relevant time period, third octave spectra of the single event sound 
pressure level shall be evaluated for frequencies ranging from 10 Hz to 2,0 kHz which spans the entire 
frequency range over which pilc: driving sounds are of interest, with principal sollrld energy fourid below 
2000 Hz. 

4.0 HEALTH AND SAFETY PROCIEDUEWS 

A separate site specific health (and safety plan has been prepared and is prolrided as Appendix B. All 
work will be cortducted according to provisions of this plan. A daily tailgc3te safety meeting virill be 
conducted at the 1)ej;inning of each work day. Dilrir~g this meeting, the field lead will discuss the tasks to 
bc: conducted, the: equipment tcl be used, any special procedures to be fi~llowed, protective de7ricc:s that 
will be used, and the potential physical, chei~ical, and bio'logical hazards that may be encounte~~ed. This 
meeting will be documented on a standard Tetra Telcl-1 tailgate safety mee:ting fortrl that will be signed by 
all attendees. All Tetra Tech personnel will have current first aid and cartfiopulmonary resilscitation 
(CPR) training. Personnel will be trained to use all equipment and any protective devices. 

The report will provide full documentation of metl~ods and monitoring protocols for tlhe ul~de:rwater 
baseline measurements. Items to be documented within the technical report include: 

* Time ancl date stamped time histories for all relevant datasets; 
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Names of personnel conducting testing; 
Name, manufacturer and model number of equipment including hydrophone type, directionality, 
and nominal sensitivity; 
Map of monitoring locations based upon GPS data 
National Institute of Standards and Technology (NIST) equipment calibration certifications and 
field calibration methods and results; 
Any unusual conditions that could have affected measured noise levels, including a description of 
any excessive extraneous noises; 
1/3 frequency spectra of all relevant time periods including mean, Lgo residual background, and 
maxima values and a table of significant highest tones; 
Position of hydrophones in the water column during tests; 
Weather, wave height, and sea state conditions; 
A calculation of overall uncertainties evaluated from a combination of measurement components 
that describe random. errors estimated from the measurement repeatability and errors caused by 
effects that may introduce a systematic bias. 

The results of the baseline data analysis will include interpretation of results and conclusions including 
any implications related to methodology for the subsequent marine mmmal monitoring and mitigation 
plan (MMMP) and the pile driving (construction) hydroacoustic workplan. 

6.0 REFERENCES 

Caltrans, Essential Fish Habitat Assessment, Commodore Schuyler Heim Bridge (BR. NO. 53-2618) in 
the Ports of Long Beach and Los Angeles, Los Angeles County, California, January 2010. 

MEC Analytical Systems, Inc., Ports of Long Beach and Los Angeles Year 2000 Biological Baseline 
Study of San Pedro Bay, June 2002. 

Correspondence from National Marine Fisheries Service, Southwest Region, Long Beach CAY Mr. Robert 
S. Hoffman, to Caltrans, District 7, Division of Environmental Planning Los Angeles, CA, Mr. Karl Price, 
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Marine mammals are proteciedl under the Marine Mammal Protection Ad:, wh ch is admjinistere~l 1b1y the 
National Oceanic ;md Atmospheric Administration's :IJational Marine Fisheries Service,, MLvWS. 
Construction-related impacts sulzh as high u~iderwater noise levels and turb tdity could affect marine 
mamnlals in the viciiiity of the action area. However, ~narnmalian species occui=reinc;e withiin Lo:: Angeles 
harbor is limited 1:o California sea lions (Zalophus c:crlifornianzrls) and occasionally Pacific harbor seals 
(Phoca vitulina rii:hardii). l'hese are non-End angered Species Act-listed mari~ le mammal species which 
inhabit the harbor in low numbers (and probably very low numbers in the industrialized Ceirritos 
Channel), but could be present during constru~ztion. Other mammal species found within the re,sion but 
have been determined in the Project Final Environmental Impact Statement/En\ ironmental Impact Report 
(FEIS/FEIR) to be absent within the action area, include the North~ern elebhant seal (h'ircrzmga 
angustirostris), cornmon bottlenose dolphin (X~rsiops truncatus), Pacific white-sided dolphin 
(Ltzgenorhynchus oblliquidens),, and gray whale (Eschrichlius robustus). The~efore, potential eFfec;ts to 
marine mammals from the Psojec:t are limited tlo sea lions and harbor seals. 

Observations during pile-driving for the San Francisco-Oakland Bay Bridge 3ast Span !Seismic Safety 
Projec:t showed se:a lioils rapidly swam out of the area wlhen piles were being dlr:iven. Thus, sea lions 
would be expectecl to avoid areas; and activities associated with the Project that could affect them. Harbor 
seals ;are unlikely to be present as few individuals halve been observed in !:he PI-oject area. Any sea lions 
or harbor seals present during construction activities woulcl likely avoid the area. (2onstruction a.ctivities 
would also not adversely interfere with foragiing activities because impacts would be limited to portions 
of Cerritos Chaniiel and large foraging areas within thl: Harbor would remain1 available to marine 
mammals. Therefore, any adverse effects to marine mammals from elevated u1.1denvatcer noize Ilevels 
would be short term and very minimal. In addition, therc are no pi~miped h,iul~ut sites in the Project 
vic:inity, so in-air noise impacts are not expected. 

To reduce the effects of elevated underwater sound levels; on marine ~narr~mals species during 
construction activities, the following measure,s, as identified in the Project Rt:cord of Decision (ROD), 
August 2009, would be imp1f:mieinted: 

> Attenua.tion of pile driving sound via contained air bubble curtain on larger pile instsllaiions 
and dewatering casings for smaller piles. Performance criteria for soqnd attenuation will be 
developed/ to achieve: rnaximum prac:ticable reductions in underwater soiund levels. 

> A hydroac;oustic nloinitoring plan will be developed, which woulld include: appropriate saimipling 
point locations, fieque:ncy, and methods to be implemented during p .le #riving. The r1:sults of 
the hydroacoustic monitoring would be analyzed in real time to ille~idify appropriaie safety 
isop1eth.s and monitoring zones for bliologi~cal (sensitive) resources. 

> Evaluate potential to inodify pile driving operational procedures to reduce noise effects, such 
as ramping up of pile driving energy levels to allow mobile orlgardsms to exit the area; 
evaluating potential use of vibratory versus impact hammers under certain conditions; using 
less force of the hydraulic impact hammer; and 1 imiting pile driving to no more than 2 piles per 
day with a minimurrl 12 hour interval bet\.ve:en daily driving, to mini mite cumullative c:xpc;)sure 
levels (SE,L). 

> A detailed marine ma~mmal monitoring/protectic~n plan will be Ideveloped in coordination with 
NMFS; tllis would include use of biological ~rlonitors with authcrity to suspend activities 
should sensitive organisms be present or enter. the action area. Details of th~e plan will be 
developecl, and will include methocls to identifjr safety zone limits, nu.hbers and locations of 
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monitors, and conditions when Project activities would be suspended to protect biological 
resources. 

NMFS requested that information on baseline or ambient noise levels be collected prior to construction to 
help establish effective safety zones for vibratory pile driving activity. The baseline hydroacoustic study 
plan has been prepared separately. 

The Marine Mammal Monitoring and Mitigation Plan (MMMMP) will include the first three mitigation 
measures identified above: noise attenuation, construction hydroacoustic monitoring, and modification of 
operational procedures. The approaches to completing these tasks are addressed below. The MMMP will 
be prepared by Caltrans and will be submitted to NMFS. 

A.2 MARINE MAMMAL MONITORING AND MITIGATION PLAN 

Caltrans (or their representative) will be responsible for developing and implementing the MMMMP and 
the subtasks identified within the plan. There are six elements to the MMMMP that will be developed: 

Coordination 
Safety Zone Establishment 
Noise Attenuation 
Visual Monitoring 
Startup and Shutdown Procedures 
Hydroacoustic Monitoring 

Each element is briefly described below. 

Coordination 

This section of the MMMMP will detail the communication network that will be established to ensiure 
coordination not only between the marine mammal observers/monitors and the construction crew, lbut 
among the marine mammal observers, Caltrans, and NMFS, especially in the unlikely event of a take. In 
an event of a watercraft collision with a marine mammal, Caltrans (or their representative with authority) 
must immediately contact the NMFS Stranding Coordinator, Mr. Joseph Cordaro at (562) 980-4017. This 
section of the MMMP may also describe any coordination opportunities with other marine mammal 
observation programs working in Los Angeles Harbor. 

Safety Zone Establishment 

Since Caltrans will not be requesting Incidental Harassment Authorization from NMFS, it is critical that 
accurate or conservative safety zones be established that ensure harassment or injury take of marine 
mammals does not occur. However, establishment of an overly conservative safety zone will lead to 
excessive manpower to monitor an area more than actually needed. Overly large safety zones can also 
lead to diluted observation of the more critical injury zones (where noise levels are greater than 190 dB). 

Separate safety zones will be established for each vibratory pile driving (extending to the 120 dB 
isopleth) and impact pile driving (extending to the 180 dB isopleth). Distances to the threshold isopleths 
will be estimated by applying sound source data from similar hammers collected by Caltrans in California 
and WSDOTIWSF in Puget Sound to various transmission loss models available in the literature. The 
vibratory hammer safety zone estimate will take into account baseline noise levels, while the impact 
hammer estimate will account for any employed attenuation method (such as bubble curtains). All thlese 
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zones .will be verified, and modified as needed, during the real time collectic~n of hydrctacous~.ic data 
during construction (refer to Hydroacoustic Monitoring below). 

The noise attenuation procedures planned to be: used during impact pile driving will be described in this 
section of the m M M P .  The dt:scription will focus upon the use of bubble cl~rtains following Nn/IFS' 
Impact Pile Driving Sound Attmuation Specification (revised October 31, 2006). Studies by Jim 
Laughlin (WSDO'I'NJSF) in Pugc:t Sound have shown on average about a 10 dB decline in noise levels at 
source can be achieved with bubble curtains for pile driving in shallow water. Until actual measu:rea~ents 
are taken during pile driving, an average 10 dB reduction will likely be used in estimating dislance to 
N W S  thresholds fbr initial estsiblishment of safety zones. 

However, bubble c~trtains are not always effective leaving other technique;; to consider to achieve 
appropriate levels (sf attenuation. These include using cofferdams around piles c r using wood or synthetic 
material caps on the pile surfbces# to cushion hemmer blows* The pros and con5 of these methods will be 
described in the M M W .  

The visual monitorirlg section of the MMMP will include the following: 1) minimum qualificaiions for 
biological/marine mimmal monitors, 2) location and rlumt~er of monitors, 3 )  data collection procedures, 
including forms and equipment to be used, and 4) survey periods before, during, and after pille driving 
activity. The latter will be identified based on the estab1i:;hed safety zones. Idonitoring locations must 
consider that mari~ne mammals need to be observed prior to reaching the safety :2orke such that pile driving 
operations can be shutdown before the animal crosses the si3fety threshold (thereby avoiding take). 

Startup and Shutctolwn Proceduiw 

Sofi startups of pile driving serve as a warning -to marine mammals of p:nding loud noise levels, 
providing them ail opportunity to leave the Project vicinity before hammering commences at full force. 
For vibratory hanlrriers, this; g;eilerally means operating the hammer at reducr:d energy for 15 sec.onds, 
waiting a minute, and then repeating this sequence twice more. For impact Ilmmers, the pile is often 
struck three times at 40 percent of the planned energy force, followed by a cne-minute waiting period, 
then followed by two subsequent three-strike sets. 

The shutdown procedures will identify under what cclnditions pile driving will not occur, such as fog or 
night conditions .\where the safely zone is not entirelly visilale. In addition, the shutdown procedures will 
identify the chain of commt.mication leading tto an immediate shutdown of pile driving in the everit of a 
marine mammal approaching the safety zone. Biologica.1 monitors wil\ haw the authority to suspend 
ac:tivities should sensitive manlnilals be present or enter the action area; therefol e the monitors will need to 
be in full contact with construction personnel that have the authority to shutdovm an active operation. 

The hydroacoustic monitoring plan will identify the tequisite instruments, methods, and reporting 
rt:quirements for the measurement of underwater soundl pressure and partizle movement during pile 
driving activities. The workplan will be similar to rhe baseline hydroacoustic survey pIan, but will focus 
on both vibratory and impact pile driving, possibly with and without attenuation depending or1 whether 
there is also a research focus to the hydroacoustic n-iunitoring. The results of the hydroacoustic 

-- - - ---- - -  , 
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monitoring will be analyzed in real time to identify whether existing (estimated) safety zones need to be 
modified to ensure that a marine mammal take is avoided. 

A.3 REPERENCES 

Caltrans, Essential Fish Habitat Assessment, Commodore Schuyler Heim Bridge (BR. NO. 53-2618) in 
the Ports of Long Beach and Los Angeles, Los Angeles County, California, January 2010. 

MEC Analytical Systems, Inc., Ports of Long Beach and Los Angeles Year 2000 Biological Baseline 
Study of San Pedro Bay, June 2002. 

Correspondence from National Marine Fisheries Service, Southwest Region, Long Beach CA, Mr. Robert 
S. Hoffman, to Caltrans, District 7, Division of Enviromental Planning Los Angeles, CA, Mr. Karl Price, 
February 12,2010. 

- 
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I k!!d Tetra Tech, Inc. 

-- -- ----- 
Site Specific: ~ k a l t h  and Safety Plan 1 

Site Name: Commodore Schuyler F. Heim Bri'dge, Long B~:ach, CA 

Key Personnel And Respon.(;ibilities 

Project Manager: Heather Blenfield 
The PM shall approve the health ancl safety plan ar~d ensure its imp1emc:nt~i.ion in the field. 

Site Manager: &be1 Holcombq 
The SM will be responsible for the ovtxall coordin,stion and management a'fthe field activities. 

Site Health and Safkty Officer: Rafael Holconb 
The Site Health ancl Safety Officer is responsible for developing and enforcing the health & safety plan 
(HASP), to periotlic:ally inspec:t the work area to ensure HASP compliance, and tk~ verify that all project 
personnel have met the training ;md medical surveillance requirements. I 

Alternate Field Heallth and Safety Officer: Erik Kalapinski 

Plan Prepared by: Pafael Ho1c:ombe Date: 611 011 0 
Plan .Approved by: Heather Benfield Date: 611 1/10 

All Tetra Tech personnel assigned to the proj~ect halve, or will have, completc d ,411 training and medical 
surveillance requirements as; required by 29 CFR 1910.120 and company policy. u4 tailga~te mee:ting will 
be conducted at the start of each field workday for all Tt:tra Tech personnel ant4 recorded on ;i tailgate 
safety meeting field form (Attachment A). , 

Site Deseriptio~k 

Type: Spill O Fire KI HW Site El Industrial Facility O Other PI 

Plwical Descript icyc - 
The Commodore Schuyler F. Heim Bridge (the "Bridge") is a motor vehicle bridgl: that se:rves tc, connect 
Terminal Island with Long Be:ach crossing the Cerritos Cl~annel. The work condkrcted under this I-WSP 
will take place withim the Ce:rritos Channel directly underneath the Bridge and in ~~urrounding wafers 

Location: I 

The 13ridge is locatd on Highway 47 at the crossing of the Cerritos Channel n I/ong Beach, C.11ifornia. 
The Site area for the hydroacoilstic surveying activities is the Cerritos Channel within ithe Port of Los 
Angeles and the 1'or.t of Long Beach. 

Size: -- 

NJA 

His toa  -- 
The Bridge was built in 1948 and is being readied for demolition. The project burpose is to conduct a 
baseline hydroacous;tic survey of the water-surrounding the Bridge. 

Status: Active E3 --- Inactive 
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I Tetra Tech, Inc. Site Specific Health and Safety Plan 

Surrounding Population: Industrial Usage 

Surrounding Buildings/Homes: Industrial buildings in adjacent areas. 

Have Nearby People Been Evacuated? Yes No Evacuation Initiated Bv: NIA 

Evacuation Distance: N/A Topography: Low Relief 

Receiving Waters: Cerritos Channel Site PlanlSketch Attached: Yes No O 

Background Material Attached: Yes 0 No IZl 

Conduct a hydroacoustic survey of the Cerritos Channel located directly beneath and adjacent to the 
Schuyler Heim bridge. 

Hazard Level: High Moderate Low El 

Hazard Type: Liquid Solid Sludge VaporIGas Unknown IZl 

Known or Suspected Hazardous Materials: NIA 

Characteristics: Corrosive Ignitable Toxic Reactive 
Volatile Radioactive Bio. Agent 0 

Exposure Routes: Inhalation Ingestion Contact 

MSDS Sheets attached for informational purposes only; Yes No 

HAZARD EVALUATION 

Tetra Tech personnel will adhere to the Safe Working Practices for Working Over or Near Water 
(Attachment B) with the exception of a look-out. Due to the large project area as well as limited access to 
the shorelines and security issues within both Port of Los Angles and Port of Long Beach, it is not 
possible to have a third person onshore during work activities. However, Tetra Tech field personnel will 
complete the Float Plan provided in Attachment C and give a copy to the project manager (or designee) 
prior to launching the boat. Tetra Tech field crew (FC)/HSO will notify the PM upon return to shore. 

Task 

BoatingISampling 

General 

TC 127 1-40 Page B-2 of B-5 Final: July 20 10 

Hazards 
Boating safety, 
mechanical, noise, fall 
potential 

Slip/trip/fall, vehicles 

Preventive Measures 
Trained experienced boat operator, equipment inspected prior to 
use; PPE and life vests worn at all times. Establish traffic and 
Site control protocols. Observe safe boating guidelines. 
Good housekeeping practices. Clear area before working. 
Level D PPE at all times, equipment and working personnel will 
not be allowed to encroach the control boundary at all times. 
Place orange cones/floats when working in traffic areas and a 
person to direct around the work zone if necessary. 



----- -- --- 
L q r e t r a  - Tech, Inc. - --- - Site Specific ---- Health and S a f e G I , ]  

The Vessel Safety Check (Attachment D) will be conclucted prior to launch the boat into the Channel. 

Personnel Protection - Sampling Operations 

Level of Protection; A U B U C 13 D plus life vests -- 

Suit Type: Work Clothes - Boot Type: Steel-Toe 

Protection Type: Level D - Eye Protection Type: Safety Glasses 

Glove TvpeCsS: Work gloves fca general protection, nitrile gloves while collec..ind samples. - 

Other Protective D~.ess: Life vest. - 

Jilstification for I,evel of Protection (state decision criteria): Based on hamrd level. -- 

Change in Level of Protection: Upgraded D Downgraded Not applicalde El -- 

U ~ o r  Downgraded to: B [I C O D U 
Reason (state decision criteria): Upgrade of protection level is not anticipated to be needed. 

Specific Changes; blade: N!A - 

HeatKold StressMonitoring: Yes U No - 

Decontamination t site ~omtroi Procedl~res - NIA . . 

Residuals Management - N/A 

Emergency Information 

Emergency Contact Reso11rc:es 
..................................................................*.....*............... .............................. Police/Fire Department .....I. 9 1 1; 

............................................................... U.S. Coast Guard Elector Los Angeles-Long Eieach (3 10) 52 1-38 1 $ 
...................................................................................................................................................... Channel 22 

Non-emergency ......................................................... .. ..................................... (3 1 0) 5 2 1-3 805 
........................................................................................................ Los Angeles Port Police (3 10) 732-3506 
.......................................................................................................... Long Beach Port Police (562) 590-41 8% 

................................................................................... ............. National Response Center .....: (800) 424-8802 
............................................................................... ...................... St. Mary Medical Center ., (562) 491-9000 

A cellular phone will be available at the Site for notifying emergency resource;. 

DirectionsMap to IHospital Attached: 
St. Mary Medical Center 
1050 Linden Avt:ntle 
L,ong Beach, CA 908 13 
(562) 491 - 9000 

-- ------ ---- -- -- 
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I @@ ~ e t r a  Tech, Inc. Site Specific Health and Safety Plan 

(From Berth 205C - Colonial Yacht Anchorage) 
1. Head east on Anchorage Road for 0.4 miles 
2. Turn left (north) on Henry Ford Avenue for 1 mile (at the traffic light, bear left to continue on 

Henry Ford Avenue) 
3. Turn Right (east) on Anaheim Street. Travel for 3.1 miles 
4. Turn right (south) onto Linden Avenue. Entrance is on left side (east) of Linden. 

r - - r r  -*----- --**cr -- 
Tetra Tech Resources 

Tetra Tech, Inc. ...................................................................................................................... (626) 3 5 1-4664 
Heather Benfield (Project Manager) ...................................................................................... (626) 470-2415 

Cell: (3 10) 990-952,4 
Rafael Holcombe (Site Manager, Site Health and Safety Officer) ........................................ (562) 25 7- 1 5 89 

Cell: (626) 255-1924 
Christine McClain CIH (Corporate Health and Safety Manager) .......................................... (626) 470-2542 
Michael Ridosh, CIH (Health and Safety Consultant) ........................................................... (818) 888-5894 
Erik Kalapinski (Alternate Site Health and Safety Officer) .................................................. (6 17) 443-7538 

Cell: (857) 272-6276 

Elaine Silvestro. ......................................................................................................... (3 1 0  816-0460 x 17'5 
Cell: (310) 650-3359 

Marine Exchange .................................................................................................................... (3 10) 832-64 1 1 
Long Beach Pilots .................................................................................................................. (562) 432-0664 
Los Angeles Pilots .................................................................................................................. (3 10) 732-3 805 
Coast Maritime Services .................................................................................................... (3 1 0  521-0484 
U.S. EPA-ERT. ..................................................................................................................... (201) 321-6660 
Centers for Disease Control (Day) ......................................................................................... (404) 639-3534 
Centers for Disease Control (Night) ....................................................................................... (404) 639-2888 
National Response Center ...................................................................................................... (800) 424-8802 
Bureau of Alcohol, Tobacco, and Firearms (Explosives) ............ : ......................................... (800) 424-9555 
National Weather Service Forecast Office ............................................................................ (805) 955-661 1 

Emergency routes and meeting locations are on-site and will be finalized by the Site Safety 
OfficerIManager in the field and conveyed to all field personnel during a tailgate safety meeting prior to 
the start of work. 

All field personnel will be instructed regarding the use of all field safety equipment prior to the start of 
work. 

All personnel will be instructed of emergency communication procedures appropriate to the project. 

A first aid kit and portable fire extinguisher will be on-site (on board) during any field operations. 
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L g T e t r a  Tech, Inc. Site Specific --- Health and S a f e i c ]  

A cellular phone will be available on the boat along with a working radio. 

At least one of the field crew (Site Safety Officer/Managet~) will be trained to perform First Aid and CPR. 

Confined-space entry procedures applicable? Yes No 
If yes, attach copy of confined-space entry procedures; ancl -permlit. 

-- ---- --------- +---- 
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Prepared for 
Alameda Corridor 

HYDROACOUSTIC MONITORING PLAN 
Transportation Authority Health and Safety Plan 

Hospital Route from Launch Site, Colonial Yacht Anchorage 

Source: ESRl ArcGlS Online and data partners including USGS and 0 2007Nat i~a I  Geographic Society 

Directions: 
1. Head East on Anchorage Road for 0.4 miles 
2. Turn left (north) on Henry Ford Avenue for 1 mile 
3. Turn right (east) on Anaheim Street. Travel for 

3.1 miles 
4. Turn right (south) onto Llnden Avenue 

Entrance on the left side (east) of Llnden Avenue 

St. Mary Medical Center 
1050 Linden Avenbe, Long Beach, CA90813 (562) 491-9000 

NORTH 
Not to Scale 

TETRATECH 
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@ Tetra Tech 

ATTACHMENT A 
TAILGATE SAFETY I(tlE;ETIN(; FORM. 



'TAILGATE SAFETY MlEETING: 

3475 East Foothill Blvd. 
Pasadena, CA 91 107 
(626) 35 14668, 

DATE: - TIME ---- JOB NZTMB ZR 
li--.I 

SPECIFIC LOCATION: 
I 

TYPE OF WORK 

SAFETY TOPICS PRESENTIED 

PROTECTIVE CI,OTHING/EQIJIPMENT 

CHEMICAL HAZAIWS 
- . . -  4. 

PHYSICAL HAZARDS 
I -- 4- -- 

CALIL 9 1 1 
-L-- 

- 

HOSPITAL/CLINIC .-- - - -- ADDRESS 

PHONE NUMBER .-- -- PARAMEDIC 9'11 ; - 
1 

SPECIAL EQUIPIWENT - -_.- 
OTHER 

_.I___- - 

MEETING COMDIUCTED BY: 
SIGNATURE 
PRINTED NAME 
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ATTACHMENT B 

SAJ?E WORKING PRACTICES I FOR 
WOlRKlNG OVER OR NEAR T V ~ T E R  



TETRA TECH, INC. 
SAFE WORK PRACTICES 

for 
WORKING OVER OR NEAR WATER Page 1 of 3 

L A - - .  - I - I  ----I 

The following sections discuss general procedtrres fcrr working over or rieak water, underwater 
work, and cold water procedures. 

1.0 SCOPE 

This safe work practice (SW13) provides guidelines for all Tetra Tech emplo:yees and 
r;ubcontractors who work over or near bodies of water 'three (3) or morc? fqet deep or sv~iftly 
moving water. This SWP was developed in accordar~ce with the Occupiatiqnal Safety and 
Health Admink;tration (OSHA) standard specified in Title 29 of the Code of Federal Regglations 
(CFR), Part 192Ei.106, "Working Over or Near Water."' 

2.0 RESPOIVSIBILITIES 

The project manager (PM) is; responsible for idientifying all health and safety requiremeiits of 
each project, including all tasks that may involve worker exposure to hazards or working in or 
near bodies of water. The PM will appoir~t a site safety coordinator (SSC) to ensure that this 
SWP is followed in the field. Workers will follow this SWP whenever working near or in any body 
of water that is olver three (3) feet deep or swiftly moving. 

3.0 GENERAL. PROCEDURES 

When working over or near water, the following precautions will be taken: 

a All staff and team members must wear a personal flotation (levice (PFD) when 
working within 15 feet of el water body. Personnel will br? piovided with 1J.S. 
Coast Guard 1:USCG)-approved life jackets or work vests.  he PFD shoulcl be 
Class Ill, vvliich will support the head of an unconscious person above water. 

a Life jackets and work vests will be inspected before and aftgr each use. 

Ring buoys with at least 90 feet of line shall be provided and readily available for 
employee rescue operations. 

The distance between ring, buoys shall not exceed 2!OO f seth 

The online version of this document supetsedes all other versions. Paper copies &this documenl: are 
uncontrolled. The cont~~olled version of this document can be found on the ~ e & a  Tech Intranet. 

I 



- 
visibn Date: 10/1/2008 j 

TETRA TECH, INC. Control Number: ' I 

SAFE WORK PRACTICES SWP 5-6 
for 

WORKING OVER OR NE3R WATER page 3 of B 

accelerate shock. Drinks no warmer than norrnal body temperature are abceptable. If 
symptoms are severe and evacuation to a medical facility cannot be quickly conclucted, any 
wet clothing st~ould be removed, the victim should be placed in blankets or sleeping bags in a 
sheltered location, and the rescuer should clinib into the blankets or sleeping bag with victim 
to provide additional warmti?. The victim should also be treated continuo$sly for shock, 
elevating feet and monitoring the victim's pulse ancl breathing rate. 

If a team member falls into cold water, he or slie should not remove any olothing while in the 
water because clothing provides additional insulation. Although clothing breates an added 
drag while swimming, the insulation outweighs the disadvantage of t l i c !  additional drag. Each 
team member should carry a wool hat to place on his or her head in c ~ s e h e  or she falls into 
the water. A wool hat, even when wet, provides good insulation for the h4ad, where a large 
amount of body lheat is lost. 

Disclaimer: This safe work practice (SWP) is the property of Tetra Tech, Inc. (Tetra Any reuse of the SWP 
without Tetra Tech's permission is at the sole risk of the user. The user will hold har~nled.s Tetra lrech for any 
damages that result from unauthorized reuse of this SWP. Authorized users are reslonqble for obtaining proper 
training and qual~fication from t h ~ ~ i r  employer before performir~g operations describe~l in It his SWP. 

- . ,  
I ' .  

Revision Date Document Authorizer Revision Details 
- 

10/1/2008 Chris McClain Upd 3te from 1998 forrrat 

---- - 

The online version of this document supersedes all other versions. Paper cop es bf this dclcument are 
uncontrolled. The controlled version of this document can be found on thc Tetra Tech Intrane:. 



kkJ Tetra Tech 

ATTACHMENT C 



'TIETRA TECH, INC, - FLOAT PLAN 
(This i~formation will be calltzd in daily anof recorded b j ~  the FC or FISO for zach sampling  sit,^) 

TODAY'S DA'TE: -- 

VESSEL NAME: 
pa----- 

OPERATOR: -- -- 

DEPARTURE TIME: --- 

EXPECTED T:[M[E OF RETURN: ------ 

CELL PHONFi NUMBER: 

If your return vlrill be after 4:30 p.m., with whom will you be in contact with .~pob your 
return? - --- 

DESTINATIO N/SAMPLn\TO 

---- - -- 

NAMES OF PIERSONNE;L CIN BOARD: 

NAMES (AN11 CELL CON'ACT IF APPIdCAEiLE) CIF PERSONNEL 01\[ SIJ3:ORE: 

If expected tinie of relam is exceeded by 3 liours, the fo'llowing steps will be d e n  in a logical 
order: 

1. HSOBC will contact each other (If someone othsr than the FC has the f l ~ a t  plan, that 
person wj 11 contact the FC) 

2. Attempt to contact on-shore crew m~mber 
3. If knovm,, hotel where: crew is staying will be colltacted 
4. PM will be notified 
5. Local hospitals and emergency centers will 'be contacted 
6. Local search and rescue will be notified 



@ Tetra Tech - - --- --- 

ATTACHIMENT D 

VESSEL SAFEI'Y CHECK 



0 wnerIOperator Name: 

ITESSEL SAFETY CHECK (VSC) 
To be cocnpleted by a U.S. Coast Guard approved Vessel Examiner. 
See the back of this form for a brief'explailation of required items. 

'4 Federal Requirements pamphlet is also available. 

OwnerIOperator has attended a CG.AUX, USPS, State 

Or--- Boating Safety Class: Yes No 

-- 
Dake of VSC: - 

Delal Awarded: Yes No 

I 

I Location O ~ V S C  - county: 
State: -- I 

I R~laced  decal was: Last YxO Outdated0 First time0 I 

VESSEL INFORMATION: 
Registration or 
Do~:umentation Numb€ r: 

m4: ---- ----- 

Length: 4 6  16-25 a 26-39 a 40-65 lo >65 0 
Powered by: Gas Diesel Sail Qthes [7 

Area of Operations: In1 and I3 Coastal CI 
Type: PWC Open [I cabin Other 

RECOMMENDED A#D DISCUSSION ITEMS 
VESSEL SAFETY CHE:CK DECAL IlEQUIREMENTS (While encouraged, item s below are not VSC I-eqoirements) 

1. Display of Numbers - Marine Radio 
- ,  

2. Renistration/Documentation I-- Dewatering Device & Badkuv 

---- - r< Fire Extinmishers 

111. Mounted Fire Ectingu ishers - 
IV. Anchor & Line for Ar sa - --- 
V. First Aid and PIW K.il s (**over) ' 

6 .  Ventilation - 
7. Backfire Flame Control - - 
8. Sound Producing Device:3/Be11 -# VI. Inland Visual Distress Signals - - 

VIII:. Discussion Items: as r.oolies 1 ;  1 
9. Navigation Lights a. Accident Reporting - Owner Responsibility -- 

b. Offshore 0peratior.s -- 
11. MARPOL Trash Placard c. Nautical Charts / h aviiation Aids 

- 

Marine Sanitation  device:^ - d. Survival Tips 1 ~ i r s  t A ~ C I  
-4- 

13. Navigation Rules - e. Fueling / Fuel Managepient 

State andlor Local Rec~uirements f. Float Plan / Weather & Sea Conditions 

Overall Vessel Condition: as applies - g. Insurance Considelations 

a. Deck Free of Hazards / Clean Bilge h. Boating Check L i s l  

b. Electrical -Fuel Systems - -- i. Safe Boating Clasr es I 

-t --- 
c. Galley - Heating S y s m s  i. Maritime Dam* iwajness 

I I certify that 1 have personally examined this, vessel and find it meets the above requirements at the time of this Vessel S(3fely Check. I 
arn a qualified Vessel Exarnin1:r of the: CGAUX U, USPS State of - - 17. or - 0. I 
I Printed Name of the Examiner Examine- Nbmber 

Examines Signature -- - -- Telephone Number ---- - I 
Additional Comments: This is fiot an oficial bclurding for law en,forceme~ttpurpclses. It is recomntefilded thztydz~ correct any dep17iencies notsd. This 
checklist isfinnished for your in,brrnation. The1.e is no assumption of lial~ility of an-v kindfor advice given or o~inio?rs expressed In connectiou to this 
examination. By accepting tbe i'kssel Safety Check decal you art? pledging to maintain your boat and eqa iprnpnt to the standard of safety whibited 
during this examination. Please remove the Vessel Safety Check decal if the boat is sold or  no longer meets these requirements. 

am consenting to this Vessel Safety Check of my watercraft with full knowledge that it is provided to nle a4 a public service cln a volunteer basis 
~ i t h o u t  cost, and I understa~~d :and agree that mny receipt of a Vt:ssel Safety Check shall not constitute o r  be construed as a warranty or guarantee 

I as: to either the qualification, Imowledge, or skills of the operator; the sea~vorthiness of the vessel; c l r  tde serviceability or adequacy of any 
ecluipmer~t on board. 

OwnerIOperator Signature: -- Date: 
II -- - 

ANSC70 12 (4-08) Previous edition may be used 



Back of ANSC70 12 (41'08) 

Brief Explanation of 'b%C Required Items: O 8 .  SOUND PRIDDUIZIPTG DEVICES: 'TO 03mp1y withNavi- 
gation Rules and for distress si~;nalirng purposes all boats must c a w  a sour~d 

C]I 1. NUMBERING: The boat's registration number must be per- producing device (whistle, hor I, sii~en, etc.) capable o Fa 4-second blast au- 
1n4:ntly attached to each side of the forwarti half' of the boat characters dihlc: for '/2 mile. Boats larger :ha13'39,4 ft. are also required to have a bell 
  st be plain, vertical, block stylt:, not less than three: (3) inches high, and in (see Navigation Rules.) 

a color ooiltrastixlg with the backgrounci. A space o - hyphen must separate 
the letters from the numbers. Plac~: S1:ate validation sticker according to State O 8). NAVIGATIiDN I r ~ ~ l ~ ~ ~ ~ :  A 11 boats must be able to dis- 

policy. (e.g. FL 2234 AB or  FL-42.34-AB) play navigation lights betweer sunset and sunrise and in conditicans of re- 
duce d visibility. Boats 16 fee or more in leilgth must have praperly in- 

CII 2,. ~GISTRATION/D~3CUME~NT11TION: Registration stalled, working navigation lig ~ t s  apd an all- around alchor light capable of 
or Documentation papers d nu st be cbn board and av,ailable. Documentaticm being lit intiependently from tf e recllgreedwhite "rumling" lights, 
numbers must be permanently marked on a visible part of the interior struc- 
ture. The documented boat's Ilame a ~ d  hailing 1.brt must be displayed on the O LO. POLLUTION P1,AG:ARD: Boats : ?E l  feet and over with a 

exterior hull in letters not less thcm 4 inches in 11eigl-it. ma(: hinery compwmest must iisplay an oily waste "~ollution" plgcard. 

Q 3. PERSONAL F L O ~ ~ ~ ~ T I O N  I)EVICES (PFD~):: Ac. O 1.1. MARPOL TRA!;H PLACARD: :Bj~ats 26 feet and over 

ceptable PFlIs (also klow as Life Jackets) must be U.S. Coast Guard ap- in length, operating in U.S. llivigable waters;, must display a "MARPOL," 
proved and in good, serviceable ~:onditioll. A viearable PFD of suitabll: size Qasll placard- Oceangoing bo;ts 40 feet and CI'Ver IYLUlt also have a written 

is required for the each person on the boat. Children must have properly "s" plan lboard. 

fitted PFDs designed for children. Wearable PFDs :;hall be "readily acces- jL2* MAHNE S.QNI~'ATI ON DEVICE: kly installed toilet 
sib1'?' " Boats Feet Or longer, mi'st have Orle S p e  lV (throw be a Coast Guard spprov sd dbvice. Overboard disc*] arge ou;]ets must 
device, which shall be "immediateti available " PFDs shall NOT be stored be capable of being sealed+ 
in unopened plastic packaging. Fix Personal W~terci.& riders, the PFD must 
be worn. An impact rating is recommended, but not required. a 1 3. NmLGATION RULES: Boats 39.4 feet and over must have 

C]I 4, VISUAL DISTWSSI SIGNALS: Recreational borlts 16 
on board a cursent copy of the Navigation Rules. 

feet and over used on coast waters or the Great Lakes are required to c : q  a Q 14. STATE AND LCiCqL WQUIRE?dE.IVTS: These re- 
minimum of either 1) three day and three night pyrotechnic devices, 2) one quirements must be m41 befcre 1 . ~ 1 2  ' 'kssel f dety decal ctul be 
day non-~~rotmhnicdevice (flag) and one night non-~~rotechnic device (auto awarded. A boat must meet tht reqi~irements of the state i n  which it is being 
SOS light) or 3) a combination of 1 ) and 2). Rc:crea:ional boats less than 16 exalnjned. 
feet on coastal waters or the Great Lakes need only carry night visual1 dis- 
tress signals when operating &oin sunset to sunrise L I  15. OVERALL BOb,T CONDITION: As it applies to this 

Vessel. fmeluding, but not Xiinited to: 
'It is recommended, but not required, that boars operating on inland waters 

~ u l d  have some means of making a suitable day snd night distress signal. a, Deck free of haz:~rd$ and cle!an bilge -;The boat must be 
- fie m~mber and type of signal:; is best judged by considering conditions free from fire hazards, in good I ~vesall condition, with bilges reasonably clean 
under which the boat will be operat'ag. and visible: llull structure generally sound. The use of automobile parts on 

C]I 15. FIRE EXTINGUISEIERS: Fire extinguishers are required 
if one of the following conditions exists: 1) Inboard engine(s); 2) Double 
bottom hulls not completely sesletl or not cornple~ely filled with flotation 
materials 3) Closed living space 4) Closed sto~vage compartnlents that con- 
tain flammable materials or 5) Permanently installed &el tanks. Recreational 
boats less than 26 feet, and propt:lled by outboard nlotors are NOT recjuired 
to have fire extinguishers unless orie or more of the conditions (2-5) listed 
above applies. ,VOTE: Fire exfin~yishers mlnst be readily accessible and 
verified as .serviceable. 

boai engines is not acceptable 7'he engine horsepower must not exceed that 
sha ~n on I he capacity plate. 

b. Electrical and Fuel Systems: The e1e:trical syste,m must be 
pro1 ected by fuses or manual rl:set circuit breakers. Sw itches and fuse panels 
must be protected from rain 01. water spray. Wiring must he in gcod condi- 
tion, properly installed and wi h no exposed areas or deteriorated k~sulation. 
Batteries must be secured anc terminals covlered to prevent accidental arc- 
ing . If installed, self-circlinl; or kill switch tnechan Ism must be. in proper 
wo~king order. All PWCs rec uir$ an operating self circling or kill switch 

Boat N;:1 Fked IRfh Fixed 
Lengih S y ~ f e ~ n  2)sfenz - - 
Less than 26' one B-1 Ci 

26' to less than 40' two B;-1 or one 3-2 ccne 3-1 

Fun:l Systems - Portable fur: 1 taitks (normally '7 gi.llo11i capacity or less) 
must be constructed ofn,on-bre Bable material and fkee of corrosiomand leaks. 
All vents must be capable of being closed. The talk must be secured and 
have a vapor-tight, leak-prool cap! Each pennanent f ~ e l  tank mu% be prop- 
erly ventilated. 

40' to 65' three B-1 or two B-1 or 
one B -1 & one B-2 ccne EL-2 c, Galley and Heat ingiSystems - System and fuel r d s  must 
- - - be properly secured with no fl am~l'~;lble materials nearby. 

O 6. VENTILATION: Boats with gasoline engines in closesl corn- I _ VIII. RECOMMEB D ~ D  AND DISCI JSSION ITEMS: 
partrnents, built after I August 1980 must have a 1)owered ventilation SyS- ( ~ ( , t  required for the award of ,.he G L V ~ ~ ~ ~ ~  Safety (:heck,, decal), F~~ the 
ten-1. Those built prior to that date nlust have natural Or powered ventilation. very best boaters, we rccom end these additional itrms. ~~~t.~ these re- 
Boats with closed fuel tank cornp;~ltments built alter 1 August 19'78 must quirements your conc2m fCbr ~ ~ ~ h ~ ;  safety. 
meet requirements by displaying a "certificate of i:ompliance." Boats built 
before that date must have either natural or powered ventilation in the fuel *" I'erson the water  (Pl'w cansifts of one extra wearable PFD 
+a& conlpartmeat. anal a throwable type IV PF D wlline, 

- 
1 7. BACKFIRE: FLAME ARRESTER: Alt gasoline pow- 

-+- 

ered inboar.dloutboard or inboard motor bo& must be equippe 
For more informati on: Ask your Vessel Examiner, 

approved backfire flame control device. Visit http:EISafetySeal.net 

http:SafetySeal.net


Schuyler Heim Bridge Replacement Project 

Air Quality Information Handout 

 

The following mitigation measures have been identified in the “Schuyler Heim Bridge 

Replacement and SR-47 Expressway Project Final Environmental Impact Statement/Environmental 

Impact Report and Section 4(f) Evaluation” to reduce air quality effects during project construction 

and provide the noted potential efficiencies as determined by SCAQMD: 

 

AQ-1 Apply nontoxic soil stabilizers to all inactive construction areas (previously graded areas 

inactive for 10 days), and areas anticipated to be inactive for 10 days.  Nontoxic soil stabilizers can 

reduce PM10/PM2.5 emissions from these areas by 30 to65 percent. 

AQ-2 Replace ground cover in disturbed areas as quickly as possible. A reduction of 15 to 49 percent 

in PM10/PM2.5  emissions for disturbed areas could be achieved. 

AQ-3 Reduce traffic speed on all unpaved roads to 15 mph or less. PM10/PM2.5 emissions from travel 

on unpaved roads can be reduced by 40 to 70 percent by managing vehicle speeds. 

AQ-4 Develop and implement a trip reduction plan to achieve a 1.5 average vehicle ridership for 

construction employees. A trip reduction plan can reduce emissions of ROG, NOX, CO, and PM10 

from worker commutes by 0.1 to 2.2 percent, 0.1 to 2.9 percent, 0.1 to 2.9 percent, and 0.1 to 2.9 

percent, respectively (SCAQMD, 1993). 

AQ-5 Implement a shuttle service for construction workers to and from retail services and food 

establishments during lunch hours. A shuttle service can reduce emissions of ROG, NOX, CO, and 

PM10 from lunch hour trips by 0.1 to 1.0 percent, 0.1 to 1.3 percent, 0.1 to 1.3 percent, and 0.1 to 1.3 

percent, respectively (SCAQMD, 1993). 

AQ-6 Prohibit truck idling in excess of 2 minutes. Employ periodic, unscheduled inspections to limit 

unnecessary idling. The SCAQMD has not quantified the efficiency of this mitigation measure. 

AQ-7 Suspend use of all construction equipment operations during second-stage smog alerts. The 

SCAQMD has not quantified the efficiency of this measure. 

AQ-8 Use electricity, if feasible, from power poles rather than temporary diesel- or gasoline-powered 

generators. Using electricity from power poles is an effective measure to reduce emissions of ROG, 

NOX, CO, and PM10 from generators.  Reduction efficiencies for these compounds are 97 to 99 

percent. 

AQ-9 Does not apply. 

AQ-10 To the extent feasible, utilize construction equipment equipped with Tier 2 or newer engines. 

AQ-11 Maintain and tune engines per manufacturer’s specifications to perform at EPA certification 

levels and to perform at verified standards applicable to retrofit technologies. Employ periodic, 

unscheduled inspections to ensure that construction equipment is properly maintained, tuned, and 

modified to established specifications. 

AQ-12 Prohibit tampering with engines, and require continuing adherence to manufacturer’s 

recommendations. 
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MODIFIED MODEL 332 AND 334 CABINET

FOUNDATION DETAIL FOR BATTERY BACKUP SYSTEM (BBS)
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(FOR DIMENSIONS AND DETAILS NOT SHOWN, SEE SHEET A6-1 TO

A6-4, CABINET HOUSING DETAILS OF THE TRANSPORTATION

ELECTRICAL EQUIPMENT SPECIFICATION (TEES))

1.  THE EXTERNAL BBS CABINET SHALL BE MOUNTED TO THE MODEL 332 OR 334 CABINET WITH FOUR 18-8 STAINLESS STEEL

    HEX HEAD, FULLY-THREADED, �"-16 X 1" BOLTS; TWO WASHERS PER BOLT, DESIGNED FOR �" BOLTS AND ARE 18-8 STAINLESS STEEL,

    1" OUTSIDE DIAMETER, ROUND, AND FLAT; AND ONE K-LOCK NUT PER BOLT THAT IS 18-8 STAINLESS STEEL AND A HEX-NUT. 

    THE ENGINEER WILL HAVE TO APPROVE THE BOLT MOUNTING LOCATION PRIOR TO INSTALLATION.

 

2.  THE ANCHOR BOLTS SHALL BE �" Dia X 15" WITH A 2"-90^ BEND.  THE CABINET MANUFACTURER’S SPECIFICATION SHALL

    DETERMINE THE LOCATION OF THE ANCHOR BOLTS IN THE FOUNDATION.  THE ENGINEER WILL HAVE TO APPROVE THE ANCHOR BOLTS AND

    ITS LOCATION IN THE FOUNDATION PRIOR TO CONSTRUCTION.

 

3.  THE CONTRACTOR SHALL VERIFY THE DIMENSIONS OF THE BBS CABINET PRIOR TO CONSTRUCTING THE FOUNDATION OF THE MODIFIED

    PORTION OF THE Std MODEL 332 AND 334 CABINET FOUNDATION.  THE ENGINEER WILL HAVE TO APPROVE ANY NECESSARY DEVIATIONS

    PRIOR TO CONSTRUCTION.

 

4.  ALL DIMENSIONS ARE NOMINAL.
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THIS PLAN IS ACCURATE FOR ELECTRICAL WORK ONLY.
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PTS  = POWER TRANSFER SWITCH

UPSC = UNINTERRUPTIBLE POWER SUPPLY CONTROLLER

UPS  = UNINTERRUPTIBLE POWER SUPPLY 

UPSM = UPS MODE

MBPS = MANUAL BYPASS SWITCH

332 CONTROLLER CABINET

BP   = BYPASS

AC+  = UNGROUNDED CONDUCTOR

AC-  = GROUNDED CONDUCTOR

C    = COMMON

TB   = TERMINAL BOARD

Blk
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NOTE 6

SEE

TB

SEE NOTE 4 B
lk

2-WIRE ckt FROM

SERVICE EQUIPMENT

SINGLE-PHASE, 120 V

Wht  = WHITE

Gnd  = GROUND

Grn  = GREEN

Blk  = BLACK

Temp = TEMPERATURE

Batt = BATTERY

2.  CASE-1 REFERS TO THE SITUATION WHEN THE ENTIRE BBS EQUIPMENT INCLUDING THE BATTERIES ARE

   INSTALLED IN THE BBS CABINET.

SF   = STATE-FURNISHED

Cntl  = CONTROL

1.  TYPE A REFERS TO THE BBS EQUIPMENT FROM MANUFACTURER A.

4.  THE CONTRACTOR SHALL FURNISH AND INSTALL A NEMA-1 ENCLOSURE WITH 30 A, 1P, 120/240 VOLTS RATED

   CIRCUIT BREAKER MANUFACTURED PER UL STANDARD 489.

5.  A TEMPERATURE PROBE SHALL BE ATTACHED TO THE BATTERY BY TAPE OR ATTACHED TO THE NEGATIVE

   TERMINAL OF THE BATTERY.

6.  THE ELECTRICAL POWER FOR THE COOLING FAN FOR THE BBS CABINET SHALL BE TAPPED FROM THE BOTTOM OF 

   THE TB IN THE 332 CABINET.

5
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,
 
1
P

C
B

AC+ LINE

7.  THE CONTRACTOR SHALL PROVIDE A 9-WIRE WIRING HARNESS OR BUNDLED 9 MULTICOLOR CONDUCTORS,

   #18 AWG WIRES FROM THE RELAY ON THE INVERTER/CHARGER UNIT TO THE CONTROLLER.  THE ENDS OF

   THE CONDUCTORS SHALL BE INSULATED WITH TAPE AND A SIX-FOOT COIL ON EACH END.
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3.  THE LOCATION OF THE 2"C NIPPLE WILL BE DETERMINED BY THE ENGINEER IN THE FIELD.
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TB    = TERMINAL BOARD

C     = COMMON

AC-   = GROUNDED CONDUCTOR

MBPS  = MANUAL BYPASS SWITCH

PTS   = POWER TRANSFER SWITCH

UPSC  = UNINTERRUPTIBLE POWER SUPPLY CONTROLLER

UPSM  = UPS MODE

UPS   = UNINTERRUPTIBLE POWER SUPPLY 

AC+   = UNGROUNDED CONDUCTOR

Blk   = BLACK

Grn   = GREEN

Wht   = WHITE

Gnd   = GROUND

SF    = STATE-FURNISHED

Temp  = TEMPERATURE

Batt  = BATTERY

Cntl   = CONTROL

BP    = BYPASS

1.  TYPE B REFERS TO THE BBS EQUIPMENT FROM MANUFACTURER B.

2.  CASE-1 REFERS TO THE SITUATION WHEN THE ENTIRE BBS EQUIPMENT INCLUDING THE BATTERIES ARE

   INSTALLED IN THE BBS CABINET.

4.  THE CONTRACTOR SHALL FURNISH AND INSTALL A NEMA-1 ENCLOSURE WITH 30 A, 1P, 120/240 VOLTS RATED

   CIRCUIT BREAKER MANUFACTURED PER UL STANDARD 489.

5.  A TEMPERATURE PROBE SHALL BE ATTACHED TO THE BATTERY BY TAPE OR ATTACHED TO THE NEGATIVE

   TERMINAL OF THE BATTERY.

6.  THE ELECTRICAL POWER FOR THE COOLING FAN FOR THE BBS CABINET SHALL BE TAPPED FROM THE BOTTOM

   OF THE TB IN THE 332 CABINET.

7.  THE CONTRACTOR SHALL PROVIDE A 9-WIRE WIRING HARNESS OR BUNDLED 9 MULTICOLOR CONDUCTORS,

   #18 AWG WIRES FROM THE RELAY ON THE INVERTER/CHARGER UNIT TO THE CONTROLLER.  THE ENDS OF

   THE CONDUCTORS SHALL BE INSULATED WITH TAPE AND A SIX-FOOT COIL ON EACH END.
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STATE OF CALIFORNIA ARNOLD SCHWARZENEGGER, Governor 

PUBLIC UTILITIES COMMISSION 
180 Promenade Circle, Suite 115 

Sacramento, CA 95834 

August 31,2010 

File Number: 6.1 0-07-02 1 
Terminal Island Fwy/New Dock St off ramp 

City of Long Beach 

A1 Moro, P.E. 
Chief Harbor Engineer 
The Port of Long Beach 
925 Harbor Plaza 
Long Beach, CA 90802 

Re: General Order 88-B Request for Authoriv to Grade Separate the Terrmhal Island 
Fvvymew Dock St off ramp At-Grade Highway-Rail crossing across the tracks of the 
Port of Long Beach, in City of Long Beach, Los Angeles Gounly. 

Dear Mr. Moro: 

This refers to your letter, dated July 15, 20 10, received July 16, 2010, requesting authorization, 
pursuant to Commission General Order (GO) 88-By to alter the Terminal Island Fwy/New Dock St 
off ramp at-grade highway-rail crossing (crossing), CPUC Crossing No. 120AT-18.57, of the Port 
of Long Beach's (POLB) Alarneda Corridor Subdivision tracks in City of Long Beach (City), 
County of Los Angeles. 

POLB owns the railroad right of way and Pacific Harbor Line (PHL) operates freight service on the 
rail corridor. POLB, a City of Long Beach agency, also controls the street system within the port. 
The alterations proposed for this crossing are part of a larger project to reconstruct and widen the 
Terminal Island Freeway (SR-47). 

The proposed SR-47 reconstruction will realign and grade separate the existing at-grade crossing. 
The existing tracks will be shifted north with the new SR-47 southbound off ramp structure passing 
over the tracks. The ramp structure will intersect with a newly elevated New Dock Street. 

The Commission's Rail Crossings Engineering Section (RCES) investigated the request by POLA 
and finds it adequately addresses compliance and safety. As POLA, PHL and City are in agreement 
as to the design and apportionments of the cost under the provisions of 60 88-B, the impr6vements 
as described in your letter dated July 15, 2010, and summarized above are authorized. 
Improvements shall comply with all applicable Commission General Orders and the California 
Manual on Uniform Traffic Control Devices published by the California Department of 
Transportation. 



A1 Moro, P.E. 
6.10-07-02 1 
August 3 1,20 10 
Page 2 of 2 

This project is statutorily exempt from the requirements of the California Environment Quality Act 
of 1970, as amended. [California Pubic Resources Code 2 1080.131 

This authorization shall expire if the above conditions are not complied with or if the work is not 
completed within three years of the date of this letter. Upon written request to this office, the time 
to complete the project may be extended. Any written request for a time extension must include 
concurrence letters by involved parties in support of the time extension. If an extension is 
requested, the Commission's RCES may reevaluate the crossings prior to granting an extension. 

Within 30 days after completion of this project, POLA shall notif47 RCES that the authorized work 
is completed, by submitting a completed Commission Standard Forrn G title Report ofChanges at 
Highway Grade Crossings and Separation. Form G requirements and forms can be obtained at the 
CPUC web site Form G page at ~://www.cpuc.ca.~z;ov/formg. This report may be submitted 
electronically to rces@cpuc.ca.~ov as outlined on the web page. 

If you have any questions, please contact Jose Pereyra at (213-576-7083) or jfp@cpuc.ca.gov . 

Sincerely, 

Daren Gilbert, Supervisor 
Rail Crossings Engineering Section 
Consumer Protection and Safety Division 

C:&lo L w i ,  Port of Long Beach 
Robert Giannoble, Pacific Harbor Line 



STATE OF CALIFORNIA ARNOLD SCHVVARZENEGGER, Governor 

PUBLIC UTILITIES COMMISSION 
180 Promenade Circle, Su~te 115 

Sacramento. CA 95834 

A U ~ U S ~  3 1,20 10 i$ sm-72010 -, 

File Number: 6.10-07-022 
New Dock St 

City of Long Beach 

A1 Moro, P.E. 
Chief Harbor Engineer 
The Port of Long Beach 
925 Harbor Plaza 
Long Beach, CA 90802 

Re: General Order 88-B Request for Authoriy to Modify the New Dock St At-Grade 
Highway-Rail crossing across the tracks of the Port of Long Beach, in City sf Long 
Beach, Los h g e l e s  County. 

Dear Mr. Moro: 

This refers to your letter, dated July 15, 201 0, received July 16, 201 0, requesting authorization, 
pursuant to Commission General Order (GO) 88-B, to alter the New Dock St at-grade highway-rail 
crossing (crossing), CPUC Crossing No. 120AT-18.60, of the Port of Long Beach's (POLB) 
Alarneda Corridor Subdivision tracks in City of Long Beach (City), County of Los Angeles. 

POLB owns the railroad right of way and Pacific Harbor Line (PHL) operates freight service on the 
rail corridor. POLB, a City of Long Beach agency, also controls the street system within the port. 
The alterations proposed for this crossing are part of a larger project to reconstruct and widen the 
Terminal Island Fwy (SR-47). 

The proposed SR-47 reconstruction will realign the existing tracks and shift the existing crossing. 
POLB proposes to shift the existing tracks east and raise the elevation to match the elevations of the 
reconstructed New Dock St. New Dock St will have two vehicular lanes for each direction of travel 
(easuwest). Specifically, POLB will perform the following modifications: 

Construct new raised medians on both approaches to the crossing, 
Install one curb mounted Commission Standard 9A (flashing light signals with gate and 
cantilever, per GO 75-D) on west approach to crossing, 

- 
e, Install one curb mounted Commission Standard 9 (flashing light signals with gate, per GO 

75-D) and one median mounted Commission Standard 9 on east approach to crossing, 
Replace all existing flashers with LEDs, 
Install new railroad signage, pavement markings and striping as indicated in letter and plans. 
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The Commission's Rail Crossings Engineering Section (RCES) investigated the request by POLB 
and finds it adequately addresses compliance and safety. As POLB, PHL and City are in agreement 
as to the design and apportionments of the cost under the provisions of GO 88-B, the improvements 
as described in your letter dated July 15, 2010, and summarized above are authorized. 
Improvements shall comply with all applicable Commission General Orders and the California 
Manual on Uniform Traffic Control Devices published by the California Department of 
Transportation. 

This project is categorically exempt from the requirements of the California Environment Quality 
Act of 1970, as amended. [California Pubic Resources Code 2 10841 

This authorization shall expire if the above conditions are not complied with or if the work is not 
completed within two years of the date of this letter. Upon written request to this office, the time to 
complete the project may be extended. Any written request for a time extension must include 
concurrence letters by involved parties in support of the time extension. If an extension is 
requested, the Commission's RCES may reevaluate the crossings prior to granting an extension. 

Within 30 days after completion of this project, POLB shall notify RCES that the authorized work 
is completed, by submitting a completed Commission Standard Form G title Report of Changes at 
Highway Grade Crossings and Separation. Form G requirements and forms can be obtained at the 
CPUC web site Form G page at hM~://www.c~uc.ca.~ov/formg. This report may be submitted 
electronically to rces~cpuc.ca.gov as outlined on the web page. 

If you have any questions, please contact Jose Pereyra at (213-576-7083) or j f~@c~uc .ca ,~ov  . 

Sincerely, 

Daren Gilbert, Supervisor 
Rail Crossings Engineering Section 
Consumer Protection and Safety Division 

J C: Carlo Luzzi, Port of Long Beach 
Robert Giannoble, Pacific Harbor Line 



STATE OF CALIFORNIA ARNOLD SCHWAWENEGGER, Governor 

PUBLIC UTILITIES COMMISSION 
180 Promenade Circle. Sulte 115 

Sacramento, CA 95834 

August 3 1,2010 

File Number: 6.10-07-023 
Terminal Island Fwy Overhead 

City of Long Beach 

A1 Moro, P.E. 
Chief Harbor Engineer 
The Port of Long Beach 
925 Harbor Plaza 
Long Beach, CA 90802 

Re: General Order 88-B Request for Authorib to modify the Terminal Island Pvvgr Grade 
Separated Highway-Rail crossing over the tracks of the Port of Lonag Beach, in City 
of Long Beach, Eos Angeles CounQy. 

Dear Mr. Moro: 

This refers to your letter, dated July 15, 2010, received July 16, 201 0, requesting authorization, 
pursuant to Commission General Order (GO) 8843, to alter the Terminal Island Fwy Grade 
Separated Highway-Rail crossing (crossing), CPUC Crossing No. 120AT-18.64-A, of the Port of 
Long Beach's (POLB) Alameda Corridor Subdivision tracks in City of Long Beach (City), County 
of Los Angeles. 

POLB owns the railroad right of way and Pacific Harbor Line (PHL) operates freight service on the 
rail corridor. POLB, a City of Long Beach agency, also controls the street system within the port. 
The alterations proposed for this crossing are part of a larger project to reconstruct and widen the 
Terminal Island Fwy (SR-47). 

The proposed SR-47 reconstruction will realign the existing northerly track and raise its elevation to 
match that of the adjacent New Dock St. The existing southerly track and turnout will remain 
unchanged. The existing SR-47 overhead structure will be removed and replaced with a new 
structure located at approximately the same horizontal location but at a higher elevation. 

The Commission's Rail Crossings Engineering Section (RCES) investigated the request by POLA 
and finds it adequately addresses compliance and safety. As POLA, PHL and City are in agreement 
as to the design and apportionments of the cost under the provisions of GO 88-B, the improvements 
as described in your letter dated July 15, 2010, and summarized above are authorized. 
Improvements shall comply with all applicable Commission General Orders and the California 
Manual on Unifom Traffic Control Devices published by the California Dep 
Transportation. 
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This project is categorically exempt fiom the requirements of the California Environment Quality 
Act of 1970, as amended. [California Pubic Resources Code 2 10841 

This authorization shall expire if the above conditions are not complied with or if the work is not 
completed within three years of the date of this letter. Upon written request to this office, the time 
to complete the project may be extended. Any written request for a time extension must include 
concurrence letters by involved parties in support of the time extension. If an extension is 
requested, the Commission's RCES may reevaluate the crossings prior to granting an extension. 

Within 30 days after completion of this project, POLA shall notify RCES that the authorized work 
is completed, by submitting a completed Commission Standard Form G title Report of Changes at 
Highway Grade Crossings and Separation. Form G requirements and forms can be obtained at the 
CPUC web site Form G page at http://www.cwuc.ca.aov/formg. This report may be submitted 
electronically to rces~,cpuc.ca.~?;ov as outlined on the web page. 

If you have any questions, please contact Jose Pereyra at (213-576-7083) or jb@,cpuc.ca.gov . 

Sincerely, 
/-+. 

Daren Gilbert, Supervisor ' 
Rail Crossings Engineering Section 
Consumer Protection and Safety Division 

Y/' C. Carlo Luzzi, Port of Long Beach 
Robert Giannoble, Pacific Harbor Line 



HARBOR DEVELOPMENT PERMIT (RAILROAD GUIDELINES SECTION) 

WORK REOUIREMENTS WHEN WORKING WITHIN RAILROAD FUGHT-OF-WAY 

The requirements stated in this section relate to any work within the railroad right-of-way. For 
construction purposes, the railroad right-of-way is defined as 20 feet from track centerline. The 
minimum vertical clearance above top of rail is 25 feet. The minimum depth for any utility 
construction below grade shall be five (5) feet - six (6) inches fiom base of rail for mainline track 
and four (4) feet - six (6) inches from base of rail for other than mainline track in accordance with 
the Engineering Division railroad standard plans. Any work within the railroad right-of-way shall 
include a Port inspector paid by the Contractor. 

The Contiactor shall not enter any location, perform any work, or locate any piece of equipment 
within ten (10) feet of the nearest rail of any railroad track without prior authorization from the 
Engineering Division and Pacific Harbor Line (PHI,). The PHL contact is Bob Giannoble at (3 10) 
420-8 1 16. All work shall be performed in accordance with the provisions of Title 49, Part 2 14 of 
the Code of Federal Regulations. 

The Contractor shall submit a written Work Plan to the Engineering Division for approval not less 
than fourteen (14) days prior to beginning work. The Work Plan shall include the location, starting 
and stopping times, a description of the work to, be performed, the work crews involved, and the 
track outages andlor railroad safety protection (Flagmen). All flagging shall be by PHI,. No work 
may be performed, nor any piece of equipment moved within ten (10) feet of the nearest rail of any 
railroad track until the Engineering Division approves the Work Plan. The Contractor: if required, 
will pay Flagmen, to PHL. 

The Contractor shall provide a qualified train Watchperson when working within 20 feet of the 
track centerline for the safety and protection of the Contractor's personnel and equipment during 
construction operations. Watchperson shall be properly trained and equipped in accordance with 
Title 49, Part 214 of the Code of Federal Regulations. The Contractor shall pay the cost of 
Watchperson. The PHL will qualify the Watchperson for the project. The Contractor shall submit 
an approved list of PHL trained watchperson to the Engineering Division prior to working within 
20 feet of the track centerline. 

Crossing of tracks by the Contractor's equipment at unpaved railroad crossings is prohibited. A 
temporary timber railroad crossing shall be required for construction access over the tracks. 

The Contractor shall report any accidents, injuries, track defects, or any unusual track conditions, 
which may affect the safe and efficient operation of the railroad to the Engineering Division and 
PHL by the first available means of communication. - 
The Contractor shall be responsible for the prevention or damage to railroad facilities, equipment 
and operating trains due to its activities. In the event the Contractor damages railroad facilities or 
equipment, the Contractor shall immediately report the damage to the Engineering Division and 
PHL. Repair of damage caused by Contractor's operations shall be at the expense of the Contractor 
and accomplished immediately in accordance with the Engineering Division and PHL supervision. 



Upon completion of the work, the Contractor shall promptly remove all materials, tools, equipment, 
and leave the right-of-way in a clean, presentable condition. 

Port Standard Utility Casing Requirements 

The approved method for utility installation under the railroad tracks is by boring or jacking and 
shall be in accordance to the Engineering Division railroad standards casing plans. All ballast and 
sub-ballast replacements shall be with new material. The tracks shall be restored to original 
alignment by an experienced railroad contractor. 

Utilitv Work on Railroad Right-of-way 

Trenching and/or tunneling under the tracks may be permitted for non-mainline track where boring 
cannot be accomplished as approved by the Engineering Division for each specific site. Shoring 
plans, engineering calculations and detailed cross sections shall be required for both utility 
crossings under the railroad tracks and longitudinal trenching within 20 feet from track centerline. 
The shoring plan shall include a support beam in order to prevent a sag in the tracks. 

Open cut trenching under unpaved track sections shall include delineators or fencing after work 
hours. New ballast shall be placed 12 inches (six inch lifts) from bottom of tie to a distance two 
feet beyond edge of tie. A two (2) - sack slurry (quick hardening mix) shall be placed from bottom 
of new ballast to a distance 15 feet from each side of track centerline. Backfill for longitudinal 
work within 20 feet from track centerline shall be required and placed in six (6) inch layers with 95 
percent compaction in accordance with the American Society for Testing and Materials (ASTM) 
Designation D 1556 and D 1557. 

For tunneling work under paved tracks, the Contractor shall saw cut pavement at a distance of five 
(5) feet from track centerline (or beyond end of tie). The Contractor shall fill any voids between the 
proposed steel casing and tunneling hole with a two (2)-sack slurry mix (quick hardening mix). If a 
cave in occurs within the area from the base of rail to a distance four (4) feet below base of rail at 
any point along the tunneling operation, then the Contractor shall be required to continue as an open 
cut trench with complete asphalt and soil removal. 

Ballast and Sub-ballast 

Sub-ballast material shall be Crushed Miscellaneous Base (CMB) and shall conform to Section 
200-2.4 (Fine Gradation), per SSPWC. Placement of the sub-ballast shall conform to Section 301- 
2.2 "Spreading" and 301-2.3 "Compacting" per SSPWC 

Ballast material shall consist of clean crushed stone, tough, durable fragments free of any 
detrimental quantity of soft, fiiable, thin, elongated or laminated pieces, disintegrated material, 
pieces coated with dirt, oil or other deleterious substance. Ballast shall be crushed granite, quarry 
stone or slag. 

CLRR HD-Permit Requirements 
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Ballast gradation shall be gradation No. 4A as outlined in Chapter 1, Part 2, Section 2 of the 
AREMA Manual. The ballast gradation shall be determined by ASTM C 136 with laboratory sieves 
having square openings conforming to ASTM El 1. 

Gradation No. 4A: 

Nominal Sieve Size Percent Passing: BY Weight (No. 4A) 

2 - 112 inch 
2 inch 
1-112 inch 
1 inch 
314 inch 
112 inch 
318 inch 

100 percent 
90 - 100 percent 
60 - 90 percent 
10 - 35 percent 
0 - 10 percent 

----------------- 
0 - 3 percent 

The Contractor shall provide certification that ballast delivered to the job site is typical of ballast 
which passed acceptance and production tests. If material at the job site does not conform to these 
specifications, the Contractor shall stop M e r  deliveries until the fault has been corrected. The 
Engineering Division will reject ballast arriving at the site for unloading that does not conform to 
the specifications. Defective material shall be promptly removed and replaced at the Contractors 
expense. 

The ballast shall be hand tamped by mechanical method from a point twelve (12) inches inside each 
rail on both sides of the ties to the ends of the ties for short 'rail lengths (less than 20 feet). For 
larger areas (greater than 20 linear feet), mobile tampers will be required. The mobile tampers shall 
be started £?om a nearly vertical position and used directly against the sides of the tie to be tamped, 
and worked downward past the bottom corner, after which the tool may be tipped down to force the 
ballast directly under the tie. Switch ties shall be heavy tamped under each rail to a point twelve 
(12) inches on either side of each rail. Light tamping only shall be permitted between the above - 
stated limits. Each tie shall be thoroughly inspected as to compactness of ballast under the tie by 
means of sounding devices, and any tie found not to be solidly embedded in ballast shall be re- 
tamped. 

In paved areas, the ballast shall be dressed one (1) inch above top of tie. 

Track Testing and Acceptance 

- ---_ The track shall be surveyed by the Contractor upon completion of the work to ensure no differential 
settlement has occurred over the affected work area. Upon completion of work the Contractor shall 
coordinate a test engine with PHI, and the Engineering Division over the affected track work for 
inspection and acceptance of the work. 

C I A R  HD-Permit Requirements 
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RAILROAD WORK PLAN - DATE: 

REQUIREMENTS WHEN WORJCfNG WITHIN, ADJACENT TO, ABOVE, OR 
BENEATH RAILROAD RIGHT-OF-WAY 

START DATE: 

DURATION (Start & End Date): Start on and Ending on 

TRACK LOCATION: Track number track located 
(See attached plan). 

START & STOP TIMES: Begin each day at and end at 

DESCRTPTION OF WORK: The work includes 

(see attached plah). 

WORK CREW: The work will be performed by . The equipment used 
will be 

SAFETY PROTECTION: 

The work plan is submitted ten (10) days in advance of any work within twenty (20) feet of 
track centerline. Prior to start of work, will request a watch person 
training session from Pacific Harbor Line (PHL) for all work-crew working within 20 feet of 
the railroad track for the safety of the contractor's personnel only. Watch persons are not an 
approved method of protection for working equipment. Once the watch person training is 
completed, we will submit an approved list to the Engineer prior to working within 20 Feet 
of the track centerline. 

If equipment is within ten (10) feet from the track centerline, then a flag person will be 
required. Flagging to be provided by Pacific Harbor Line (PHL) only. When a Flag Person 
is required, a new work plan request will be submitted to the Engineer and PHL a minimum 
of ten (10) working days prior to any work being performed. If a full track closureioutage is 
necessary, a minimum notice of ten (10) working days will be provided to the Engineer and 
PHL for each track closure. The Railroad track closure will be at the full discretion of the 
Engineer and PHL. The PHL contact is Bob Giannoble (310-834-4594). 

Note: The Contractor shall submit the Railroad Work Plan to the Ports Construction 
Manager for approval by the Manager of Rail Transportation Systems (562-590-4140). All 
related permits shall be obtained prior to submitting the @orlcplan. 

October 26,2005 



RAILROAD 
SPECIAL PROVISIONS 



RAILROAD TRACK CONSTRUCTION 

1.0 GENERAL 
1.1 Track materials and special trackwork shall conform to recommendations set forth in the most 
current AREMA Manuals. 

1.2 Track components design shall be standardized to facilitate maintenance and minimize the 
inventory of materials. 

2.0 EARTHWORK 
2.1 The material to be used for embankment fill shall be provided by the Contractor from a suitable 
source. Fill material shall be approved by the Engineer prior to being placed on site. 

2.2 The material to be used for fill shall be relatively non-expansive soils with an Expansion Index of 
less than 35. The on-site soils (including non-contaminated ballast) less any debris or organic matter 
may be used. 

2.3 Material for structural backfill shall be provided by the Contractor from an off-site borrow site. 
Structural backfill shall conform to Caltrans Standard Specifications. Section 19-3. except that jetting 
of material shall not be allowed. 

2.4 Material for pervious backfill shall be provided by thc Contractor from an off-site source, and 
conform to Caltrans Standard Specification Section 19-3.06. 

2.5 Sub-drains and geotextile filter fabric are required for drainage of all track systems. 

2.6 The exposed bottom of all cxcavations or surfacc to rcceive fill shall bc scarified to a depth of six 
(6) inches. moisture conditioned to optimum moisture content. and compacted to at least ninety (90) 
percent relative compaction per ASTM 1557. 

2.7 The uppermost of two (2) feet of railroad subgrade, and all subballast, shall be compacted to at 
least ninety fivc (95) percent of the maximum dry density as deternlined in accordance with ASTM 
D1557.2.8 Fill shall bc placed in layers not exceeding cigllt (8) inches in thickness and conform to 
Caltrans Specification 19-3. 

3.0 TRENCH EXCAVATlON AND BACKFILL 
3.1 Excavation and backfill shall be in accordance with the SSPWC subsection 306- 1.1 "Trench 
Excavation" and 306.1.3 "Backfill and Densification" and Los Angeles Standard Plan No. S-610-21. 
unless othenvise specified on the plans. 

3.2 Excavations for pipe laying or conduit shall be per City of Los Angeles Standard Plan No. S-25 1 - 1 .  
ilnless othenvise noted on the plans. 

3.3 Prior to excavating adjaccnt to and within six (6) feet. of a subsurface installation. excavate 
potholes per Section 62.03.1 of the Los Angeles Municipal Code and positively determine the 
elevation and location of the subsurface installation. 



4.0 GEOTEXTILE IIEINE'OHCING 
Geotextile material shall be requircd for drainage between thc subballast and the subgrade. 

4.1 Geotextile material type shall be as follows: 
MIRAFI type 140N for under drains 
MIRAFI type 600X for subgrade crossing areas. 
MIRAFI type 1 160N for track subgrade areas. 

4.2 Geotextile material shall conform to section 213-2 "Geotextiles" of the latest edition of the 
SSPWC. 

4.3 Geogrid shall be placed on geotextile or between subballast and subgrade to increase subgrade 
strength for railyard and crossing areas. Geogrid material shall be Tensar SS 1. Geogrid material shall 
conform to section 2 13-2 "Gcotextiles"of SSPWC. 

5.0 STORiiI DRAIN SYSTEM- UNDERDRAINS 
All trackage shall be designed with adcquate sub-drainage. 

The following shall apply in thc dcsign of track drainage: 
a. The design stonm shall be a ten (10) year storm for all trackage except SUMPS and SAG areas 

where a fifty (50) year storm shall be used. 
b. All sub-drains shall bc the level of the water below the lcvcl of thc ballast. 
c. No ponding of water will be allowed. 
d. All sub drain systcms shall be designed using perforatcd PVC piping, a permcablc drainage 

material and a filler fabric. 

The following criteria shall be used for the drainage piping. 
a. All under drain pipe and fittings shall be eight (8) inches in diametcr schedule eighty (80) PVC 

with elastomatic asphalt joints and fittings in accordance with ASTM F578. Perforated pipe 
shall be used for all underdrains with solid wall pipe being used only as connector piping. 

b. PVC piping shall be in accordance with ASTM D1758. Schedule eighty (80) pipe compounds 
shall be in accordance with ASTM 1784. 

c. Joint material shall be a solvent cement in accordance with ASTM D2564. 
d. Underdrain outlets and risers shall be fabricated of ductile iron or corrugated metal. They shall 

be painted blue and marked "POLB" and "0". and spaced evenly tllrce hundred (300) feet. 

Sub-drains pipe shall havc geotextile filter fabric wrapped in crushed filter rock. The filter rock shall 
confornl to the following gradation: 

Sieve Percentage 
Size Passing 
314" 100 
318" 30- 100 
NO. 4 0-30 

Filter fabric for subdrains shall bc manufactured from polyestcr, nylon, or polypropylcnc material. or 



any combination thereof. The fabric shall be permeable, non-woven. shall not act as a wicking agent 
and shall conform to the following: 

Weight. ounces per square yard min. 4.0 
ASTM Designation D3776 

Grab tensile strength (I inch grip) Ibs. 90 
Min. each direction ASTM D 4632 

Elongation at Break, percent min. ASTM D 4632 3 0 
Toughness. pounds. min. (%elongation x grab tensile strength) 6000 
Permittivity, llsec.. min. ASTM D4491 0.5 

If filter fabric is to be exposed for more than seventy two (72) hours. all fabric shall be treated with 
Ultraviolet Ray (UV) Protection. The treated fabric shall provide a minimum of seventy (70) percent 
breaking strength retention aftcr five hundred (500) hours exposure when tested in accordancc with 
ASTM D4355. 

7.0 DEhlOLITION AND REMOVAL OF EXISTING TRACK 
Track removal shall consist of removing all material from the bottom of the subballast to the top of rail 
for the length as shown on the project plans. All material removed will be the contractor's for 
disposallsalvage except for special track work such as turnouts, railroad grade crossings and signal 
systems. For disposal of these items. the contractor shall contact the POLB Manager of Railroads for 
direction. Demolition work shall not interfere with the operation of existing railroad or vehicular 
traffic. 

8.0 SUBBALLAST 
8.1 Subballast material shall bc in accordance with SSPWC Section 200.24, Crushed Miscellaneous 
Base, subscction 200-2.4.2, "Grading", Table 200-2.4.2 (A) Fine Gradation. The gradation shall be as 
follows: 

Sieve Size Percent Passing (Fine) 
1" - 1 112" 100 
314" 85- 100 
318 55-75 
NO. 4 30-50 
NO. 30 12-28 
No. 200 2-10 

8.2 Subballast material must be submitted to the Engincer for approval prior to use. 

8.3 Placing, spreading and cornpaction of crushed aggregate base subballast material shall be in 
accordance with SSPWC subsection 30 1-2.2, "Spreading" and 30 1-2.3. '-Compacting". Compaction 
shall be ninety five (95) percent relative compaction. 

8.4 A geotextile filter fabric shall be placed at the base of the subballast throughout areas of all tracks 
including turnouts and grade crossings. 

8.5 Subballast depth shall be as follows: 



a. Subballast shoulder width shall be twelve (1 2) inches below ballast on niainlinc tracks, 
intermodal container stack train storage yard tracks, intermodal container stack train 
loading/unloading tracks, and mainline yard tracks. Use as required for industrial service 
tracks and other yard tracks. 

b. Subballast material shall conform to section 200.2.4 (CMB), per SSPWC fine gradation. 
c. A geotextile filter fabric shall be placed at base of Subballast throughout areas of all tracks 

including turnouts and grade crossings. 
d. Subballast shall conform to AREMA Chapter 1 -Roadway and Ballast: Part 2 - Ballast: Section 

2.1 1 - Subballast specifications for site specific calculation of total/subballast thickness. 

8.6 Subballast shoulder width shall be as follows: 
a. Subballast shoulder width shall be thirteen (13) feet from centerline on mainline tracks and 
twelve (12) feet from centerline elsewhere. 

9.0 BALLAST 
Ballast matcrial shall be in accordance with the following: 

9.1 Ballast material shall be in accordance with AREMA specifications excluding slag and limestone. 

9.2 Ballast shall consist of crushed stone with angular fragments resulting from crushing by 
mechanical means using the following types of rocks quarried from undisturbed, consolidated deposits: 
granite and similar igneous rocks: extrusive igneous rocks: or massive ~iietaniorphic quartzite or 
similar rocks. Cn~shcd gravel is not acceptable. 

9.3 Gradation testing shall bc in accordance with ASTM C-136. utilizing square opening sieves in 
accordance with ASTM E- I I .  When testing the ballast material show a loss of not more than five (5) 
percent at the end of one hundred (100) revolutions and not more than thirty (30) percent at the end of 
five hundred (500) revolutions. 

9.4 Ballast material shall meet the requirements of AREMA number 4A in all track areas. 

9.5 For typical track construction provide ballast foundation with percentage passing each sieve falling 
within the following limits (Ballast size 4A). 

Sieve Size 
Sieve Opening 
2%'' 2.50" 
2" 2.0" 
1 %" 1.50" 
1" 1 .O" 
%" 0.75" 
%" 0.50" 
318" 0.375" 
No. 4 0.187" 

Percent Passing 
by Weight 
100 
90 - 100 
60 - 90 
10 - 3 5  
0 -  10 

0 - 3 

9.6 Property requirements as indicated in AREMA Table 2-1 for "Quartzite" 
Percent by Weight 



Soft and friable pieces 0.5 
Materials finer than No. 200 sieve 1.0 
Clay lumps 0.5 

9.7 Determination of ballast bulk density shall be in accordance with the ASTM C29. using three (3) 
inch nominal maximum size. 

9.8 Particles of the ballast shall have been broken by the crusher and have at least two (2) broken 
surfaces. 

9.9 Boulders which will pass through a five (5) inch circular opening before crushing shall be rejected. 

9.10 Ballast depth shall be as follows: 
a. Timber andlor Concrete Ties - Ballast depth shall extend not less than twelve (12) inches below 

bottom of tie for the f i l l  length of the tie and shoulders. 

9.1 1 Ballast shoulder width shall be as follows: 
a. Ballast shoulder width shall be a minimum of twelve (12) inches beyond the edge of the tie. 
b. Ballast shoulder width shall be twelve (12) inches on mainline tracks, intermodal container stack 

train storage yard tracks, mainline sidings: and mainline yard tracks. 

9.12 Ballast Source Control 
a. Representative samples of ballast, of not less than one hundred fifty (1 50) lbs. for gradation and 

other required tests shall be taken fiom each source of ballast and tested as specified herein. 
Each shipment of ballast to the site shall be accompanied by a certification as specified. 

b. Certified results of the tests required to demonstrate conformance with this Design Criteria shall 
be provided prior to any material being used for the work. 

c. The ballast delivered to the site shall be from the same source from which samples were tested 
and found to be in accordance with this criteria and shall be of the same type and quality of that 
which was tested. 

9.13 Ballasting 
Ballasting is the spreading, watering, rolling, tamping, and dressing of ballast rock to bring the rails to 
grade and alignment. Ballast shall be installed as follows: 

a. Ballast shall be placcd in two (2) lifts. Each lift shall be compacted with a minimum ten (10) ton 
roller until no waving or creeping occurs. 

b. Ballast shall be tampcd with an eight (8) head tamping machine,  s sing not less than three (3) 
insertions per tie. 

c. Ballast shall be placed one (1) inch higher than the top of tie to provide a separate lining between 
asphalt and the tic. 

10.0 CRUSHED WALKWAY ROCK 
a. Walkway Rock shall be of the same quality material specified for ballast shall conform to the 

gradation requirements for size No. 5 Table 2-2 Section 2.4, of the AREMA manual. 
b. Crushed W a h a y  Rock shall be placed two (2) inches in depth where required. 
c. The percent passing each sieve shall be as follows: 



Sieve 
Size 
1"- 112" 
1 " 
314" 
112" 
318" 
No. 4 

Percent Passing 
by Weight 
100 
90- 100 
40-75 
15-35 
0-15 
0-5 

1 1.0 PERMANENT TRACK CONSTRUCTION 
Trackwork for projects will be typical ballasted track construction. 

1 1.1 BALLASTED TRACK 
a. Ballasted track shall be the primary type used for track work constructed at grade. It shall 

consist of subballast, ballast. cross-ties. rails, and rail fasteners. 
b. The top of ballast elevation shall be one (I)  inch below top of tie, except in the area six (6) 

inchcs on either side of the rail where the ballast shall be cribbed to maintain one (1) inch of 
clearance between the bottom of the rail and the top of ballast. 

c. Ballast conforming to AREMA size No. 4A shall be used for all track areas. 
d. At locations where subgrade material is unsuitable. a stabilizing course of compacted fill or 

asphalt shall be utilized. 

1 1.2 TRACK GAUGE 
a. The standard track gauge shall be four (4) feet eight and one half (8%) inchcs. Track gauge 

shall be measured between the gauge sides of the heads of rails at a distance of 518 inch below 
the top of rails. Wider gauges shall be used in some cunfes. depending upon the degree of 
cunrature. Track gauges shall follow AREMA tables of practical gauges and flangeways for 
curved track, plan no. 791-59. 

b. Gauge widening shall be distributed through the spiral curve for a spiral-circular-spiral type 
curve. For circular curves without spirals, the gauge widening distance shall be distributed by 
placing half the distance on the tangent and half on the circular curve. c. Gauges for special 
trackwork shall be as recommended in the AREMA portfolio of trackwork plans except as 
modified to reflect the physical and operational characteristics of the system. 

1 1.3 TRACK CONSTRUCTION TOLERAVCES 
a. Track construction tolerances are determined by taking into consideration safety. speed of 

operation and type of service to be provided. All new track construction shall be constructed as 
class 5 in accordance with FRA Title 49, Part 2 13. Track shall be constructed to the tolerances 
shown in the following table: 

Vertical Track Alignment Horizontal Track Alignment 
Type of Gauge Cross Level Total Middle Total Middle 
Track Variation Variation Deviation Ordinate in Deviation Ordinate In 

62' Chord 63' Chord 
Mainline +/- 118" +I- 1/8" +/- 112" +/- 118" +/- 112" +/- 114" 
Track 
Yard Track + 1.4" - 118" +/- 114'' +I- 112" +/- 1/4" +/- 1/2" +/- 1/4" 
Notes: 

(1) Variations of gauge and cross level shall not exceed 1/8" per 3 1 ' of track. 



(2) Total deviation is nicasured between the theoretical and actual alignrncnt at any point in thc track. 

b. Maintenancc of cxisting track shall be Class 3 in accordance with FRA Title 49, part 213. 

11.4RML 
a. The standard rail section shall be new 136 RE pound Continuous Welded Rail (CWR), meeting 

AREMA material requirements on mainline tracks, intermodal container stack train storage 
yard tracks, intermodal container stack train loadinglunloading tracks, and yard tracks. 

b. Jointed rail may bc used only for temporary track construction or as approved by the Chief 
Harbor Engineer. Second hand (relay) rail may bc used providing it rncets thc requirements of 
AREMA grading for Class 1 and passes ultrasonic testing for the entire lcngth of thc rail. Rails 
shall be either control-cooled carbon steel or special alloy rails as manufactured in accordance 
with the requircmcnts of AREMA. 

c. Rail Hardness - Brine11 Hardness Number (BHN) 
1. For standard strcngth rail used in tangent track and curves of lcss than five (5 )  degrees 

the minimum BHN shall bc three hundrcd (300). 
2. For high strength rail used in curves of greater than five (5) degrces and all turnouts thc 

minimum BHN shall be three hundred sixty (360). 

1 1.5 TURNOUTS 
a. Turnout rail size shall be the same as the track size. See Design Criteria for turnout sizc. 
b. All new turnouts shall be constructed of 136-RE rail. 
c. Turnouts shall be continuously welded rail except at specific areas indicating a thirty six (36) 

inch whole joint bar bonded insulatcd which shall be a poly-insulated type. 
d. Switch points, stock rails, closure rails. guard rails, and frog wing rails and all associated 

components shall be fabricated from new. high strcngth (Head Hardened) Rail. 
e. All turnouts shall be equipped with floating heel blocks and adjustable rail braces. Rail braces 

shall bc Bethlehem boltless adjustable braces with boltless adjustable clamps. 
f. All turnouts shall be insulatcd and utilize resilient rail fasteners throughout. 
g. All turnouts shall have electrical conduits and pull boxes for installation of automated powcr 

switching in the future. 
h. All vertical switch rods and gaugc plates shall bc insulated. 

1 1.6 FROGS 
a. Frogs for open-track turnouts shall be AREMA Railbound Mangancsc (RBM) high integrity 

heavy wall thrcc shot explosion hardened steel castings with mitered hccl, extended hccl and 
rail wings with frog base platc and gauge plates utilizing a rcsilicnt fastening system. 

b. Frogs for tracks embedded in pavement shall be one-piccc, solid cast manganese with frog base 
plate and gauge plates utilizing a resilient fastening system. 

c. Frogs shall be radiographed tested in accordancc with AREMA. 
d. Frogs shall have extended legs for thermitc wclding. 

1 1.7 SWITCH POINTS 
a. Switch points shall bc Samson undercut type with Manganese steel tips in accordance with 

AREMA Specifications. 
I .  Manganese steel tips lengths shall be as follows: 
2. Two (2) feet eight (8) inches for No. 8 turnouts 
3. Thrcc (3) foot six (6) inches for Nos. 9, 10. 15. and 20 turnouts. 



b. Switch points shall have adjustable braces. 
c. Switch points shall be straight points with a uniform riser bolted in Manganese steel switch 

point guard. 
d. Switch points, rods, and gauge plates shall all bc insulated. 
e. Switch point lengths shall be as follows: 

1. Sixteen (16) feet six (6) inches for Nos. 8 ,9  and 10 turnouts. 
2. Nineteen (19) feet six (6) inches for No. 11 turnouts. 
3. Twenty six (26) feet zero (0) inches for No. 15 turnout. 
4. Thirty-nine (39) feet zero (0) inches for No. 20 turnouts fabricated from rail 

fifty-six (56) feet long for ficld welding. 
f. Switch point rollers shall be required for all turnouts. 
g. Switch point throw shall be four and three quarters (4-3/4) inch with a tolerance of plus or minus 

one quarter ('A) inch. 

1 1.8 GUARD RAILS 
a. Guard rails shall be raised one (1) inch above top of running rail for all turnouts. 

1. Guard rails shall be boltless and adjustable with a hardened ABC U69 type 
guard bar in accordance with AREMA specifications. 

b. Guard rails shall be hook-flange or boltless-adjustable for Nos. 15 and 20 turnouts. 
c. Guard rail lengths shall be as follows: 

1. Fifteen (1 5) feet for Nos. 8,9, 10 and 1 1 turnouts. 
2. Twenty six (26) feet for Nos. 15 and 20 turnouts. 

d. Guard rails shall be Bethlehem hook flange raised guard rail with plates or an engineer 
approved equal. 

e. Switch point guard shall bc adjustable Manganese steel type. 

1 1.9 SWITCH STANDS 
Switch stands shall be located on the diverging sidc of the turnout. For parallel tracks, the switch stand 
shall be located on the outsidc of the track. All switch stands shall have switch rods and comcctions 
that can be retrofitted to remote - controlled power operation. 

For open ballasted track the following shall apply: 
a. Switch stand shall be high-star, lockablc, non-trailable on mainline tracks. 
b. Adjustable switch stand shall be ABC Tri-Glide 22-E. 
c. Targct shall be low mast fastened sturdy and highly reflective with green and red colors. 
d. Headblock ties shall bc sixteen and a half (16.5) feet for switch stands located on outside of 

track and have a minimum clearance of eight and a half (8.5) fcct from track centerline to 
switch stand. 

e. Ileadblock ties shall be fourtecn (14) feet for switch stands locatcd bctween tracks and have a 
minimum clearance of six (6) feet from track centerline to switch stand. 

For track embedded in pavement the following shall apply: 
a. Switch stands shall be enclosed, parallel-throw in-pavement typc such as Racor 336-EC flush 

with pavement. 
b. Switch throw assemblies shall be supplied with all boxes and components for use in pavement. 

The lid shall open to a position that provides convcnicnt access to the switch throw handle, and 



that allows the open lid to rest in a position that i t  will not inadvertently slam shut while the 
train person is operating the switch throw lever. 

c. Paved switch shall have a spring connecting rod. 
d. Vertical switch rods shall be enclosed with steel box cover with ability to support H-25 loading 

(125.000 Ib. Axle load) spread over five (5) square feet. 
e. Steel box covers shall be flush with pavement and top of rail. 

11.10 TURIYOUT SUPPLEMENT FOR PAVED AREAS 
a. All turnouts imbedded in pavement shall utilize special fabricated switch rod access boxes and 

fabricated switch point flangeway guards. 
b. Pavements guards are required for switch points. 
c. Switch points protectors shall be required and located on the inside running rail web area on the 

right side for a right hand turnout or the left side for a left hand turnout. 
d. Turnouts in paved areas shall be welded with thirty six (36) inch six (6) hole joint bar for 

jointed areas. 
e. Paved switches shall have a spring connecting rod. 
f. Guard rails shall be flush with the running rail. 
g. Switch and connecting rod boxes shall be flush with the pavement with ability to support H-25 

loading (125,000 lb. Axle load) spread owner five (5) square feet 

1 1.1 1 RAlL ANCHORING 
a. In conventional ballasted track construction, where timber ties and track spikes are used, rail 

anchors shall be applied. Details shall be in accordance with AREMA standard plans. 
b. Rail joints shall be used where rail welding is not practical or where rcquired by signal track 

circuits. 
c. Thirty-six (36) inch long, six (6) hole joint bars shall be used at rail joints. Drilling. punching. 

and track bolts shall be as specified by AREMA standard plans. 

1 1.12 INSULATED JOINTS 
Where required by thc track signal circuits. insulated rail joints shall be installed. These shall be 
prefabricated bonded joints and shall mcet the following track requirements: 

a. Insulated joints shall be six (6) hole Allegheny-type, cpoxy bonded, field fabricated. 
b. For installation in CWR (I-bonds) shall be six (6) hole Allegheny-typc. epoxy-bonded, pre- 

fabricated from new rail twenty (20) feet long for field welding in place. 
c. For installation in jointcd rail I-bonds shall be six (6) whole bolted Allegheny-types for field 

installation. 

The following shall apply for electrical continuity testing of bonded insulated joints: 
a. Perform separate tests between the running rails. and between the bar and the running rails. 
b. Individual tests of the electrical resistance between each of the running rails and the bar shall be 

greater than ten thousand (1 0.000) ohms. 
L 

c. The electrical rcsistancc between the running rails shall be greater than thirty thousand (30.000) 
ohms. 

1 1.13 INSULATED RESILIENT FASTENERS (IKF) FOR CONCRETE TIES 
The following shall apply for IRF for concrete ties: 

a. Insulated resilient fasteners with rail seat abrasion pads and iron shoulders shall be used on all 



trackage with concrete ties. 
b. Pandrol E-2055 clips, Safelok or an Engineer approved equal shall be used as clips to concrete 

ties. POLB prefers the use of Safelock clips. 
c. Two (2) clips shall be used on each base plate 
d. When IRF are used with wood ties. the plates and hold-down screws shall be of a type 

approved for use with LRF by the LRF manufacturer. 

1 1.14 ANCHORS ON TIMBER TIES 
The following shall apply for anchors on timber ties: 

a. Anchors shall be sixteen (1 6) per each thirty-nine (39) feet of rail. 
b. Box anchor every other tie on CWR. 
c. All anchors shall be in accordance with AREMA standards. 

1 1.15 TIE PLATES 
The following shall apply for tie plates: 

a. Tie plates for timber ties with resilient fasteners shall be seven and three-quarters (7.75) inch by 
sixteen (16) inch for six (6) inch base rail with screw spikes for plate hold-downs and be of a 
type approved for use with resilient fasteners by the resilient fastener manufacturer. 

b. Hole punching shall be six (6) with four (4) to be one (1) inch holes and two-eleven sixteenth 
(1 1116) inch holes. 

c. Tic plates shall be fastened evenly on wood ties within one eighth (118) inch alignment. 

1 1.16 JOLNT BARS 
The following shall apply to joint bars: 

a. Bars shall be thirty-six (36) inch bars with six (6) holes utilizing six (6) inch long one and one 
eighth (1 - 118) inch diameter bolts with four (4) inch thread length. Joint bars are to match the 
rail section. Joint bars are to be insulated. 

b. Hole punching spacing shall be : Two and seven sixteenths (2-7116) inches: six (6) inches; six 
(6) inches: six (6) inches, seven and one eighth (7-118) inches; six (6) inches; six (6) inches; 
and two and seven sixteenths (2-7116) inches in accordance with Chapter 4 of AREMA. 

c. Joint bars shall be six (6) hole bars appropriate for the rail size in accordance with AREMA. 

11.17 SPIKES 
The following shall apply for screw spikes: 

a. Screw spikes shall be used for all newly constructed track with timber ties and turnouts. 
b. Screw spikes shall be six (6) inches long and be able to fit one (1) inch diameter pandrol plates. 

The following shall apply to cut spikes: 
a. Cut spikes can be used for shoofly track. temporary track construction and maintenance as 

necessary. 
b. Rail spikes shall be five -eighths (518) inch x six (6) inch. 
c. Each tie plate in a turnout or horizontal curve shall have two (2) plate holding spikes and two 

(2) rail holding spikes. 
d. Tangent track shall have a minimum of two (2) spikes per tie plate. 
e. Cut spikes shall not be used on curves over six (6) degrees. For curves over six (6) degrees. a 

resilient fastening system shall be used. 



12.0 TEMPORARY TRACK CONSTRUCTION (SHOOFLY TRACK) 
a. Temporary track construction may be required in order to stage some of the site construction 

work while maintaining rail service. This temporary track work may be accomplished with 
timber ties and relay rail. Relay rail shall bc Class 1 in accordance with AREMA standards. 

b. If timber ties are to bc used, the tie spacing shall be nineteen and one half (19.5) inches, center 
to center. Jointed rail sticks shall not be less than thirty-three (33) feet in length. 

c. Tolerances shall be the same as permancnt track construction. 
d. It is the responsibility of the Contractor to remove this temporary work at the appropriate time 

and to dispose/salvage all materials. 

13.0 CONTlNUOUSLY WELDED RAIL (CWR) 
The Work specified in this section consists of providing rails, fabricating rails into continuous welded 
rail (CWR) strings using thc clcctric flash butt welding method, inspecting, testing, shipping and 
delivering the CWR strings to the project work site. 

13.1 RAIL 
a. Rail shall be 136 CWR per AREMA. 
b. Procedures, material testing and other submittals listed in AREMA standards and herein are to 

be made to the Engineer and approved prior to iniation of thc specific activity. 
c. All new rail shall be 136 RE Ib meeting the requirements of Chapter 4, Part 2 "Specifications for 

Steel Rails" of AREMA and Supplementary Requirements S2 "Manual Ultrasonic Testing". 
d. Prior to the start of welding, a CWR schedule shall be submitted listing the lengths of CWR 

strings to be fabricated and the location of each string in thc finished track. Also included in 
the submittal shall be a schedule of CWR lengths and the CWR string designation system. 

c. Prior to the start of wclding submit drawings and specifications of the proposed equipment, 
materials. methods and procedures to be used for thc electric flash butt welding process for 
joining of the rail. lrlclude layouts of the welding line showing locations of welding 
components. 

f. Prior to transportation of the rail, submit procedures for transportation of the CWR to work site, 
proposed off-load locations and timing. stockpiling and handling procedures. 

g. Perform flash butt welding and testing of tllc rail to the requirements of Chapter 4, Part 2 
"Specifications for Fabrication on Continuous Welded Rail". 

h. The fabrication of the CWR shall be done offsitc. 
i. Weld CWR strings to minimum delivered lcngths at work site of. At grade crossings, strings 

equal to the width of the crossing plus forty (40) feet twcnty (20) feet on each side of crossing 
measured along the ccntcr line of track) will be pernlitted. A minimum of twcnty (20) feet is 
required betwcen the end of the crossing panel and the first wcld. 

j. Cut out and reweld rejected welds with a minimum of nineteen (19) fect - 6 inch plugs. This 
work shall bc at the Contractor's cxpense. 

k. Bolt holes are not permitted except for insulated joints. 

13.2 RAIL CUTTING AND PREPARATION OF ENDS 
a. Saw cut or abrasivc disc-cut rails used for electric flash butt welds square and clean by means of 

accepted equipment. 
b. Torch cutting of rail is prohibited. 
c. Prepare the head and base of rails prior to welding by removing mill scale down to bright metal 

for a length of approximately six (6) inches from thc welding end. 



d. Remove all burrs from the rail end area where the welding current canying electrodes contact 
the head and base of the rail. 

e. Holes are not permitted in the rail. 
f. Torch cut rails at the end of CWR strings must be saw cut a minimum of six (6) inches from thc 

torch cut end or three (3) feet fiom a shop weld prior to welding. 

13.3 RAIL DESTRESSING PROCEDURE (BY MECHANICAL PULLLNG) 
Rail Destressing shall be in accordance with AREMA and the following: 

a. Upon track construction at the proposed alignment, place joint bars between each four hundred 
eighty (480) foot lcngth of ribbon rail. 

b. Placc ballast material in and around track tie cribs and surface track to its alignment and grade. 
c. Weld rail lengths to nine hundred sixty (960) feet each. 
d. Calculate the elongation required to bring the rail into equilibrium using the thermal expansion 

equation: 
"L = a(T)L = (TD - TA)L 
Coefficient of thermal expansion = 6.5x0.000001/F0 
TD = design temperature (FO) 
TA = actual temperature (FO) 
L = rail length (ft.) 

e. Unclip the rail on each side of the joint. The amount of rail to unclip is based on the amount of 
elongation required. For each inch of rail to pull a minimum of one hundred (100) feet of track 
shall be unclipped on each side of the joint. 

f. The rail to be cut shall be equivalent to the calculated rail equilibrium distance plus one (1) 
inch required for the welding procedure. 

g. Rail pullers will be used to pull the rail to the desired distance. 
h. The rail shall be welded and the pullers will be released once the rail is cooled less than six 

hundred (600) FO. 
i. The clips shall be replaced and the welds ground flush. 

13.4 WELDLNG 
The following method procedures, equipment and materials shall be used for welding CWR. 

a. Thermite welding, materials and equipment shall be as manufactured by "Boutet". 
"Orgotherm", "Elektro-Thermitc", or other Engineer approved equal for standard rail. 

b. Thermite welding, methods and procedures shall comply with the AREMA Manual. Chapter 4, 
"Thermite Welding-Rail Joints- 1980." and with the wclding kit manufacturer's 
recon~n~endations and as specified herein. 

c. Rail ends for thermite welding shall be prepared in accordance with the recommendations of 
the welding kit manufacturer. 

d. For thermite wclding, the rail ends shall be preheated prior to welding to a sufficient 
temperature and for sufficient time to ensure full fusion of the weld metal to the rail ends 
without cracking of thc rail or weld. 

e. The completed weld shall be finished by inechanically controlled grinding to conform to the 
same requirements specified for shop welding. 

f. Welds shall not be made within six (6) inches of bolt holes. or pin holes, or within thrcc (3) feet 
of plant weld. 

g. Manufacturers rccomrnendations shall be used for compromise welds. 
h. For welding heat treated or high strength rails. the recommendations of the rail manufacturer 



shall be followed. 
i. Welds must be in cribs between ties and located no closer than four (4) inches to nearest tie. 
j. Torch cut rails at the end of CWR strings must be saw cut a minimum of six (6)  inches from the 

saw cut end or within three (3) feet of a factory weld prior to welding. 

13.5 FLELD WELDING RECORDS 
a. Field welding records shall be continuously maintained and furnished bi-weekly to the 
Engineer. Records shall include the following details: 

[5 Date and time of weld(s) 
15 Location by station, stating track and rail 
D Contractor's foreman 
C Weather, air and rail tcmperature 
iZ Track condition, anchorage and rail stress 

b. Rail shall bc painted in legible characters at least one and one half (1 -112) inches high at each 
field weld with the following information: 

13 Date of Weld (MO/DAY/YR) 
@ Initials of welder performing weld 
O Air temperature at time of weld (AT XXX) 

Rail temperature at time of weld (RT XXX) 

U Example: 5/5/93 ABC AT90 RT120 

13.6 TOLEIWNCES OF FIELD WELDS 
a. Using a straight edge thirty six (36) inchcs in length, and placing the straight against the welded 

joint area the following tolerances must not be exceeded: 
Rail Head: 

Vertical Offset 0.020 inches 
I-Iorizontal Offset 0.040 inches 
Vertical Crown 0.030 - 0.045 inches 
I-iorizontal Kink 0.020 inchcs 

Rail Base 
I-Iorizontal Offset 0.060 inches 

0 Offset Bending 0.010 per inch 

13.7 FINISHING OF FIELD WELDS 
The following shall apply to thc finishing of welds: 

a. Sharp edges and burrs are to be removed, including chimneys from all welds. All welds shall bc 
ground smooth. 

b. Weld joints shall be snlooth on top and sides and straight in line. No over grinding is 
permitted. 

c. Weld joints shall be smooth on sides and bottom. Offset blending permitted at rate of one 
hundredth (0.01 0) per inch. 

d. Weld joints shall be smooth on both sides to within approximately one eighth (118) inch of 
original contour. Width of remaining upset will be between one half (%) inch and five eighths 
(518) inch. 

13.8 FIELD WELD TESTING 



The following shall apply to the field testing of welds: 
a. Rail welds shall be tested through the use of a testing agency using the Ultrasonic Testing 

Method in accordance with ASTM E 164. 
b. Each completed weld shall have full penetration and complete fusion and be entirely free of 

cracks. Total area of internal defects such as porosity and slag inclusions shall not exceed six 
hundredths (0.060) square inch and the largest single porosity or slag defect permitted shall not 
exceed one eighth (118) inch in diameter. 

c. Other causes for rejection of welds shall be: 
Cracks that show in the finished weld are cause to reject the weld. 
Pit holes that show in the web and base of the weld after finish grinding are cause to reject 
the weld. Pit holes in head not exceeding one quarter (114) inch in depth may be repaired by 
gas welding or as approved by the Engineer. 
Welded joints not meeting these technical provisions and tolerances will replaced at no 
additional cost. The defective weld shall be cut out, and a new section of rail not less than 
thirteen (13) feet long shall be inserted welded and retested at no additional cost. 

13.9 CUTTING IN SHORT SECTION RAIL AND THERhllTE WELDING THE ENDS 
The following procedure shall be used in cutting in short section rail and the thermite welding of rail 
ends. 

a. A short section of rail shall be cut in the CWR, as approved by the Engineer, for the following 
reasons: 

To repair defective rail 
To repair defective welds 

b. Before cutting out rail in CWR, prevent remaining CWR from further movement by applying 
anchors. After cutting CWR, rail expander/puller or other means shall be used to prevent rail 
movement. 

c. The ends of the short rail section and the CWR shall be sawed or abrasive cut. 
d. Follow procedures specified for completing field welding by the thern~ite process. 
e. Repair of rail due to damage by the Contractor shall be at Contractor's expense. 
f. When repairing defective rail or welds, new rail shall be the same length as rail being replaced, 

or as required to achieve thernial adjustment. 
g. If secondhand rail was originally installed. replacement is to be in kind. 

13.10 TOLERANCES IN ELECTRIC FLASH BUTT WELDS 
Tolerance in electric flash butt welds shall be in accordance with tolerances set forth in the AREMA 
Manual. Chapter 4, Part 2, Section "Specifications for Fabrication of Continuous Welded Rail - 1983." 

13.1 1 ULTRASONIC TES'I'ING OF PRODUCTION WELDS 
The following shall apply for the Ultasonic Testing of Production Welds: 

a. Test all welds ultrasonically at the welding plant for defects in accordance with ASTM E l  64 
using an inspection team approved by POLB. The cost for testing is to be borne by the Vendor. 

b. The POLB will perform weld testing on field welds through the iisc of an inspection agency 
conducting ultrasonic testing. 

13.12 REPLACEMENT OF DEFECTIVE WELDS 
Defective flash both production welds giving fault indications in Magnetic Particle or Ultrasonic 
Inspection during production shall be cut-out. rewelded and retested. These repairs shall be done in the 



shop and not left for field repair. 

14.0 CONCRETE TIES All track construction shall utilize concrete ties for rcgular track and timber 
ties for turnouts. The following criteria shall apply for concrete ties: 

a. Concrete ties shall be spaced at a maximum of twenty four (24) inches and not less than twenty 
(20) inches, center to center. On curves of radius less than three hundred (300) feet concrete 
ties shall be used and spaced a maximum of twenty (20) inches and not less than eighteen 
inches (1 8). center to center. 

b. For road crossings the tie spacing shall be in accordance with manufacturers' specifications for 
paving material, for both timber and concrete ties. 

c. Concrete ties shall be of the type referred to as the "Union Pacific Scallop Style" with 
dimensions as follows: 

Length: Eight (8) foot six (6) inches +I- one eighth (118) inch. 
Height, at rail seat: Eight and three quarters (8 %) inches +I- three sixteenths (3116) 
inches 
Base width: Ten and one half (10-112) inches +I- one eighth (118) inch. 
The rail seat shall provide for a cant of one (1) in forty (40) toward the centerline of the 
tie. 
Weight: Maximum weight shall be seven hundred fifty (750) pounds. 
Height. at center of tie: Six and one quarter (6-114) inches, +I- three sixteenths 311 6 
inches. 
Rail pad: Pandrol three (3) part assembly with six point five (6.5) mid polyurethane pad 
in double dimple studded configuration including a nine tcnths (0.9) mm steel plate. 
All concrete ties must be imprinted with the letters POLB on top of the tie. 

d. Standard concrete ties shall be designed to the following bending moment capacities: 
Rail positive seat bending: 300 in-kips 
Center negative bending -200- in-kips 

e. Concrete grade crossing ties shall be ten (10) foot long, flat top, prestressed. in accordance with 
AREMA standards. 

f. Maximum weight for grade crossing ties shall be nine hundred (900) lbs. 
g. Guard rail ties shall bc eight (8) foot six (6) inches long 
h. Concrete Tie Materials: Wire shall conform to ASTM A881. Strand shall conform to ASTM 

A886. Cement shall co~nply with ASTM C150 type 111. Aggregate shall be non-reactive. 
Ductile castings shall comply with ASTM A53665-45-12. Concrete adn~ixtures shall comply 
with ASTM C494 (no fly ash or silica fume may bc used) 

i. Concrete Material Qualification Testing: Aggregates shall be tested to ASTM C227 and C1260 
prior to use. Cement shall be tested to ASTM C112 and C150. Total alkali level of cement shall 
not exceed four tcnths (0.4) percent 

j. Concrete Tie Qualification testing:" Six (6) ties shall be taken at random from the first (3) three 
casts and tested for RS+, RS-, C+, C-. and Bond developn~ent. Ties shall be tested for 
dimensional compliance. Two (2) ties shall be jointly picked by the supplier and the Port's 
representative to show acceptable surface finish. air voids. and spallinghreakage. 

k. Concrete tie Production testing: Concrete ties shall be tested for con~pressive strength using 
four (4) x eight (8) or six (6) x twelve (12) cylinders. A minimum of two (2) concrete cylinders 
shall achieve forty five hundred (4500) psi prior to detensioning.. Concrete twcnty eight (28) 
day compressive strength shall exceed seven thousand (7000) psi (averagc of three (3) 
cylinders) with no individual cylinder less than six thousand five hundred (6500) psi. For each 



production day, at least one (1) tie shall be tested for dimensional conformance, RS+. and C- 
bending. All ties produced shall be inspected visually for defects and certified. 

1. Concrete tie shall be prestressed. mono-block type. 
m. Concrete tie fasteners shall be Safelok Clip 36800. Other components shall include Insulators 

(type 38249), Rail pads (type 38280) and Assembly (type 36192-Al). For curves over two (2) 
degrees shall include insulators type 361 80. For curves over four (4) degrees include Rail, Pad 
Assembly type 383 19. 

n. Protrusion of Pretensioning Tendons - One eighth (118) inch maximum beyond the ends of the 
ties. 

o. Markings - Mark on top of the ties with indented or raised letters to indicate the manufacturer, 
type of tie and year of manufacture and POLB. 

15.0 TlhlBER TIES 
a. Timber ties shall have dimensions as follows: 

Length: Nine (9) feet 
Height: Seven (7) inches 
Width: Nine (9) inches 

b. Timber ties shall be in accordance with Chapter 3 of AREMA. 
e. Timber tie spacing shall be a maximum of nineteen and one half (19.5) inches and a minimum 

of eighteen (1 8) inches. center to center. 
d. All wood ties shall have steel end plates. 
e. Timber tie fasteners shall be Pandrol E-2055 clips. 
f. Timber tie wood treatment shall be in accordance with AREMA. 
g. Switch ties shall have the dimensions for height and width as previously stated, but the length 

shall vary as required. 

16.0 SPECIAL TRACKWOliK MATERIALS 
16.1 GENERAL 
This section specifies the material requirements for complete special trackwork materials including. 
turnouts and crossovers with ties. derails, bolts. lock washers, bu~nping posts and wheel stops to be 
furnished in accordance with Plans and these technical provisions. 

16.2 TURSOUTS AND CROSSOVERS 
a. Turnouts and crossovers shall have switch points with uniform risers. 
b. There shall be no "Laccd Ties". use appropriate "Long Ties". 
c. Electric switches shall be of Model M23A as n~anufactured by Union Switch. or approved 

equal. 
d. Manual switches shall be of Model T-20 as manufactured by Union Switch. or approved equal. 
c. Electric Locks shall be of Model SL-21 or SL-25 as manufactured by Union Switch, or 

approved equal. 
f. Pandrol Type "E" fasteners or an Engineer approved equal. shall be used on all timber turnout 

ties. 
g. Switch ties shall be timber,with Pandrol Type "E" Fasteners or Engineer approved equivalent. 

17.0 DERAILS 
a. The Engineer shall provide a positive method to protect individuals working on rail equipment 

located on other than mainline track. Consideration shall be given to locations of derails, 



grades, on tracks and other derail installation requirements. 
b. Derail type shall bc Wcstem-Cullen-Hayes model I-IBX double end sliding derail. size Nos. 8, 

with standard two (2) tie operated stand with connecting rods and rcflectorizcd low target. 

18.0 BUhlPlNG POSTS 
a. Bolt material and coatings shall be per AREMA Class B specification for rail fastening size. 
b. All bolts shall be new. 

19.0 WHEEL STOPS 
Wheel stops shall be site specific. Wheel stops shall be Western Cullcn Hayes type SH. hinged wheel 
stop. 

20.0 CONCRETE GRADE CROSSINGS 
20.1 GENERAL 
No field welds shall be allowed through crossings or within twenty (20) feet of the end of the crossing. 

20.2 MODULE CROSSINGS 
Concrete grade crossing on POLB main roadways four (4) lanes or more with heavy truck traffic and 
loading shall be as follows: 

a. Grade crossing shall be eleven (1 1) feet wide by five (5) feet long Star Track 11 HD module or 
eight (8) feet wide by five (5) feet long Star Track I1 module with grout holes or ten (1 0) feet 
wide by eight (8) fcct long CXT PTS Prestressed Track Slab System or Engineer approved 
equal. 

b. Module shall sit on twclve (1 2) inches of CAB on twenty-four (24) inches of granular fill 
compacted to ninety five (95) percent, Geogrid to be placed between layers. Geotextile to be 
placed bclow the granular fill. 

c. The roadway approaches to the grade crossing systems shall include a ten (10) feet wide 
concrete reinforced approach slab. The track approaches shall include an eight (8) to one (1) 
approach. 

Concrete grade crossing on POLB secondary roadway with minor truck traffic shall be as follows: 
a. Grade crossings shall be Railroad Common Standard Type 1 OW manufactured by OMNI or 

CXT full depth concrete crossing panel or engineer approved equal. The crossing panels shall 
be prestressed. f i l l  depth with steel frame and pre-attached flangeway filler with precast end 
restraints. 

b. Grade crossing panels shall sit flush evenly to one another with zero gap for tangent track. For 
curved track over four (4) degrees. the gap between panels shall not cxcced one-quarter (114) 
inch maximum gap between panels. 

c. Concrete panels to sit on ten (10) foot long wood ties. on eighteen ( 1  8) inch track centers with 
lag bolts. 

d. The roadway approaches to the grade crossing system shall includc a ten (10) feet wide 
concrete reinforced approach slab. The track approach shall includc an eight (8) to one (1) 
approach. 

e. Geotextilc filtcr fabric shall be placed under all grade crossings between the subballast and the 
ballast. 

f. Tamping of ballast shall not be perfomled until a minimum of eight (8) inches of ballast is 
below the base of cross ties and then precaution shall be taken in setting the tamping feet to 



prevent driving thc ballast through the geotextile. Probes of any typc, including alignment 
probes. will not be used where geotextile is installed. 

g. Constniction of track through a grade crossing shall be completed to finish line and grade, 
surfaced, and ballast compacted and dressed before grade crossing pancls are installed. 

h. Concrete grade crossing panels shall be installed in accordance with manufacturer's 
instructions. 

i. Grade subgrade to drain away fiom ballast section at completion of crossing work. 
j. Flange way filler shall be as recommended by manufacturer. Asphalt paving filler shall be AR 

8000 class B mix per SSPWC. 
k. Wearing surface shall be diamond mark "POLB". 
1. Each crossing shall have a four (4) feet minimum reinforced concrete approach. The concrete 

shall be type 11 Portland concrete cement 520-C-3250 minimum strength with four (4) inch 
slump per Section 201, "Concrete Mortar and Related Materials" and 203, "Bituminous 
Materials" of the SSPWC. 

m. The manufacturers warranty for the grade crossing shall be for a minimum of five (5) years. 

24.0 RAILROAD CROSSING SIGNAL SYSTEM 
The following shall apply to railroad crossing systems used within the POLB system: 

a. The design shall be in accordance with both FRA and PUC regulations. 
b. Signal systcni bungalow shall be six (6) feet by six (6) feet aluminum with outside lights. Thc 

bungalow shall state "The Port of Long Beachm,"Pier # .  and Milepost, CPUC #. and a PHL 
emergency phonc number. The area outside the bungalow shall be paved. 

c. Two (2) sets of backup batteries and rectifiers. The batteries shall bc rated at four hundrcd 
(400) amp hours and the rectifier being twelve (1 2) volt forty (40) amps. 

25.0 RAILROAD SAFETY WARNING SYSTEM 
All railyard facilities shall have a positive method to warn employees of train movenient, which shall 
include audio and visual signals in keeping with the Pacific Coast Marine Safety Code. 

26.0 REQUIREhlENTS WHEN WORKlKG WITHIN, ADJACENT OR ABOVE RAILROAD 
TRACKS 
The following shall apply when working in the vicinity of railroad tracks: 

a. The Contractor shall not enter any location, perform any work. or locate any piece of 
equipment within ten (10) feet of the nearcst rail of any railroad track without prior 
authorization from the Engineer. All work shall be performed in accordance with the 
provisions of Title 49, Part 2 14 of the Code of Federal Regulations. 

b. The Contractor shall submit a written Work Plan to the Engineer not less than ten (10) days 
prior to beginning work. The Work Plan shall include the location, starting and stopping times. 
a description of the work to be pcrformed, the work crews involved, and the Contractor's 
recommendations regarding track outages and railroad safety protection (Flagmen). No work 
may be performed. nor any piece of equipment moved within ten ( 1  0) f'cct of the nearest rail of 
any railroad track until the Work Plan in approved by the Engineer. Flagmen. if required, will 
bc provided by the City at 110 cost to the Contractor for days which thc City deems necessary 
for the project. If  the number of flagging days are exceeded due to the Contractor's actions the 
Contractor shall pay for the flagging services beyond the days paid by the Port. The flagging 
charges paid by the Contractor will be withheld fiom payment due. The flagging charges are 
five hundrcd fifty ($550) day for Pacific Harbor Line flagging services. The Contractor may 



cancel scheduled Flagmen with written notice to thc Engineer at least forty-eight (48) hours 
prior to the start of the work. Mowever, if the Contractor fails to provide such notice of 
cancellation within the required time, any cost to the City for scheduled Flagmen will be 
withheld from payment due to the Contractor. 

c. The Contractor shall provide qualified Watchmen when working within twenty (20) fcct of the 
track centerline for the safety and protection of thc Contractor's personnel and equipment 
during construction opcrations. Watchmen shall be properly trained and equipped in 
accordance with Title 49, Part 2 14 of the Code of Federal Regulations. The cost of Watchmen 
shall be included within the cost of related bid items for such work. The Pacific Harbor Line 
(PHL) will qualify the Watchmen for the project. The Contractor shall submit an approvcd list 
of PHL traincd watchmen to the Engineer prior to working within twenty (20) feet of the track 
centerline. 

d. Crossing of tracks by the Contractor's equipmcnt other than at public or private road crossings 
is prohibited without specific authorization by the Engineer. 

c. The Contractor shall report any accidents. injuries, track defects, or any unusual track 
conditions which may affect the safe and efficient operation of the railroad to the Engineer by 
the first availablc means of communication. 

f. The Contractor shall be responsible for the prevention of damage to railroad facilities, 
equipment and operating trains due to his activities. In the event the Contractor damagcs 
railroad facilities or equipment, he shall immediately report thc damage to the Engincer. 
Repair of damage caused by Contractor's operations shall be at the expense of the Contractor 
and accomplished to the satisfaction of the Enginccr. 

g. The Contractor shall be rcsponsible for conlpliance with the requirements of the Roadway 
Worker Protection Act (the Act) issued by the FRA. 



me ?omor 

LONG BEACH / The Port of Los Angeles 
v 

lnsurance ~equirements for Joint Revocable PermitlJoint Temporary Entry & Use 
License 

Requestor: C. Tsai 

Name of Licensee/Permitee: Cal Trans 

Division: Engineering 

Division Reference Number: TBD 

Description of OperationsIProject: Heim Bridge Replacement 

Based upon the information provided, the following typesllimits of insurance are required of the 
entity listed above. Please refer to the applicable permitilicense document for complete 
insurance wording requirements. 

[XI General Liability Insurance with minimum limits of $10,000.000 and if written 
with an aggregate, the aggregate shall be double the per occurrence limit. 

IX/ IS0 Form CG 0001 or CG 0002 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional Insured 

Include Products/Completed Operations 

lnclude Contractual Liability - Railroads 

Include Explosion, Collapse, Underground Hazards (XCU) 

Automobile Liability lnsurance with minimum limits of $5,000.000 per accident 

IS0 Form CA 0001 

IX1 Symbol 1 Symbol 2 [7 Symbol 8 Symbol 9 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional Insured 

Workers' Compensation lnsurance (Statutory) 

$1,000,000 Employer's Liability lnsurance 

(XI Statutory U.S.L. & H. lnsurance Statutory Jones Act lnsurance 

Statutory FELA lnsurance 

Waiver of Subrogation in favor of the Port of Long Beach and the Port of 
Los Angeles (required for all coverage checked) 

Revised 811108 



The Port of 

LONG BEACH / The Port of Los Angeles 

lnsufance ~ e q u i r e m e n t s  fo r  Jo in t  Revocable PerrnitlJoint Temporary Entry 8 Use 
License 

€a Watercraft Liability Insurance including Protection & Indemnity and Water 
Pollution Liability with minimum limits of $5,000.000 per loss and S10,000.000 
total all losses. 

@ Bodily Injury Death (XI Mental Anguish 
Cleanup Costs Property Damage Defense Costs 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional lnsured 

Environmental Impairment Liability lnsurance with minimum limits of 
per loss and total all losses. 

On-site Coverage Off-site Coverage Bodily Injury 
Death Mental Anguish Property Damage 
Defense Costs C] Clean-up Costs Sudden & Accidental 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional lnsured 

Contractor's Pollution Liability lnsurance covering all of the contractor's 
operations minimum limits of $5,000,000 per loss and $1 0,000,000 total all 
losses. 

rn On-site coverage IX] Off-site Coverage IX] Bodily Injury 
IX] Death Mental Anguish (XI Property Damage 

Defense costs Clean-up Costs 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional lnsured 

Professional Liability lnsurance with minimum limits of . 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional lnsured 

Producers Professional Liability lnsurance with minimum limits of . 

Endorsement naming the Port of Long Beach & the Port of Los ~ng'eles 
as Additional lnsured 

Aircraft Liability Insurance with minimum limits of per occurrence. 

Endorsement naming the Pod of Long Beach & the Port of Los Angeles 
as Additional lnsured 

Revised 8/1/08 



The Port of 

LONG BEACH The Po* of Los Angeles 

lnsurance Requirements for Joint  Revocable PermitlJoint Temporary Entry & Use 
License 

El Garagekeepers Liability Insurance with minimum limits of per loss. 

Endorsement naming the Port of Long Beach &the Port of Los Angeles 
as Additional Insured 

Property lnsurance with no coinsurance clause. 

All Risk Full Replacement Cost 

Builder's Risk lnsurance for property constructed on behalf of the City, 
maintained until full acceptance of the work. 

All Risk 100% of completed Contract costs 
Loss Payee (POLB) Collapse (including resulting from design error) 

El 30-day notice of cancellation to both Ports for all insurance policies (10 
days for non-payment of premium). 

El Miscellaneous: Insurance required to be provided by general contractor 
selected by Cal Trans to replace Heim Bridcle. 

Port of Long Beach Risk ~ l n a ~ e m e n t  Division Contact Information 

Port of Los Angeles Risk Management Division Contact Information 

Name K. Merkovsky Phone # 31 0-732-3971 Date 

Signature: 

Revised 8/IM8 
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Mayfa,20l0
EMI Project No. 06-123-03

Alameda Corridor Transportation Authority
One Civic Plaza, Suite 350
Carson, California 90745

Attention'

Subject

Mr. Lucien Hersh, P.E.
Project Manager

Final Foundation Report, Retaining Wall A1, Bridge No. 53E0147
Mechanically Stabilized Earth (MSE) Wall
Los Angeles County, California, (7-LA-47, PM 3.55, EA 238501)

Dear Mr. Hersh:

Attached is om Final Foundation Report for the subject retaining wall. This report presents the
findings and conclusions of om geotechnical investigation as well as analyses results and
recommendations for design and construction of the subject retaining wall.

The Foundation Report for the subject walls, dated February 10, 2010, was submitted to
Caltrans. The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed the report and
provided their comments on April 12, 2010. EMI developed responses to the OGDS-l review
comments and submitted them on May 4, 2010. OGDS-1 review comments and EMI responses
are included in Appendix G. The responses to these review comments have been incorporated
into this Final Foundation Report. We appreciate the opportunity to provide geotechnical
services for this project. If you have any questions please call us.

Sincerely,
EARTH MECHANICS, INC.

1:,~
(Prathe~ratheepan
Staff Engineer

(Arul) K. Arulmoli, PhD, GE
Project Manager

(Ranjan) G.J. Gunaranjan, PE
Senior Staff Engineer

17660 Newhope Street, Suite E, Fountain Valley, California 92708 Tel: (714) 751-3826 Fax: (714) 751-3928
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Prepared by:
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1.0 INTRODUCTION

1.1 Purpose Scope of Work

This Foundation Report presents the findings and conclusions of a geotechnical investigation
conducted by Earth Mechanics, Inc. (EMI) for the proposed Approach Embankment and
Retaining Wall Al (Bridge No 53E0147) in Los Angeles County, California. The report has been
prepared in general accordance with Caltrans Guidelines for Foundation Investigation and
Reports (Caltrans, 2006e). It presents results of our foundation analyses and provides design and
construction recommendations to assist the bridge designers in preparing the proj ect Plans,
Specifications, and Estimates (PS&E) for the project.

The geotechnical services provided for this project included the following tasks:

• Collection and review of existing geotechnical information;

• Field exploration consisting of drilling, sampling and logging exploratory borings;

• Laboratory testing of selected bulk and relatively undisturbed soil samples;

1& Engineering analysis to develop foundation design and construction recommendations;

$ Preparation of this report presenting our findings, conclusions, and recommendations.

1.2 Project Description

The Schuyler Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a
joint partnership between Caltrans and the Alameda Corridor Transportation Authority (ACTA).
The project proposes to replace the seismically deficient Schuyler Heim Bridge over Cerritos
Channel and add a four-lane elevated roadway connection to Alameda Street that will bypass
three signalized intersections and five at-grade railroad crossings. The location of the project is
shown in Figure 1.

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift
bridge with a fixed bridge with an elevated profileto provide a minimum vertical clearance of
47 ft in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The
proposed bridge replacement project includes bridge structures along the southbound exit ramps
and northbound entrance ramps at New Dock Street and State Route-I 03 (SR-I03). This report is
prepared for proposed Approach Embankment for the Schuyler Heim Bridge from the Ocean
Boulevard and Retaining Wall Al (Bridge No 53EOI47) located on the west side of the approach
embankment (Figure 2).

The proposed approach embankment has a maximum height of 17 ft at abutment 1, which is
about 2 ft more than the existing embankment. Proposed width of the embankment varies
approximately from 120 ft to 150 ft, which requires some fills and cuts to the existing
embankment. The proposed approach embankment has a 2: 1 slope on the east side and a MSE
Wall (AI) on the west side. Retaining Wall AI, located between Sta. 2+38 and Sta, 4+20 ("A"

Earth Mechanics, Inc.
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Line), will be approximately 185 ft long with retained heights varying from 10ft at the southern
end of the wall to a maximum height of 20 ft at the northern end of the wall where it terminates
at the Abutment 1 of the Schuyler Heim Bridge. Recommendations for Abutment 1 of the
Schuyler Heim Bridge are provided in a separate foundation report prepared by EMI (201 0).

1.3 Limitations

This report is intended for use by Alameda Corridor Transportation Authority (ACTA), its
design team members and the Califomia Department of Transportation (Caltrans) for the
proposed Approach Embankment and Retaining Wall AI. This report is based on the project as
described herein and the information obtained from the exploratory borings at the approximate
locations indicated on the attached plans. The findings and recommendations contained in this
report are based on the results of the field investigation, laboratory tests, and engineering
analyses. Also, soils and subsurface conditions encountered in the exploratory borings are
presumed to be representative of the project site; however, subsurface conditions and
characteristics of soils between exploratory borings can vary. Findings reflect an interpretation of
the direct evidence obtained. Recommendations presented herein aloe based on the assumption
that an appropriate level of quality control and quality assurance (inspections and tests) will be
provided during construction. EMI should be notified of ally pertinent changes in the project
plans or if subsurface conditions are found to vary from those described herein. Modifications to
the project plans or variations in subsurface conditions may require re-evaluation of the
recommendations contained in this report.

The data, opinions, and recommendations contained herein are applicable to the specific design
elements and locations which are the subject of this report, Data, opinions, and recommendations
herein have no applicability to any other design elements or to any other locations, and any and
all subsequent users accept any alld all liability resulting from any use or reuse of the data,
opinions, and recommendations without the prior written consent of EMI.

EMI is not responsible for construction means, methods, techniques, sequences, or procedures,
or for safety precautions or programs in connection with the construction, for the acts or
omissions of the Contractor, or any other person performing any of the construction, or for the
failure of any worker to carry out the construction in accordance with the Final construction
drawings and specifications.

Services performed by EMI were conducted in a manner consistent with that level of care and
skill ordinarily exercised by members of the profession currently practicing in the same locality
under similar conditions. No other representation, expressed or implied, and no warranty or
guarantee is included or intended.

Earth Mechanics, Inc.
Ge otecruuca! & Earthquake Engineering
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING

2.1 Existing Information

Existing subsurface information surrounding the Schuyler Heim Bridge is available from reports
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, Inc. (MAA, 1993)
and Diaz- YOUl111an and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler
Heim Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade
Separation Project, respectively. From these three sources, the only borings in the vicinity of
Approach Embankment and Retaining Wall Al were those shown on the as-built Logs-of-Test
Boring (LOTB) sheets prepared by LKR for the seismic retrofit of the Schuyler Heim Bridge.

For the seismic retrofit project, a total of 20 cone penetration test (CPT) soundings and five
rotary wash borings were performed along the entire Schuyler Heim Bridge alignment. Of those
CPT's and, boring B-1 and CPT sounding CPT-1 were performed near the proposed wall site.
The boring penetrated to a depth of 176 ft and CPT sounding penetrated to depth of 137ft below
existing grade with a deepest penetration to an elevation of -176 ft.

Copy of the as-built LOTB sheet prepared by LKR for the seismic retrofit study is provided in
Appendix A.

2.2 Supplemental Field Exploration

A geotechnical field investigation was conducted by EMI for the entire project between October
and November, 2009 which included a total of eight hollow-stem auger borings, 42 rotary wash
borings and 38 CPT soundings. Of that exploration program, three hollow-stem auger borings,
three rotary wash borings and three CPT soundings were performed in the vicinity of Approach
Embankment and Retaining Wall AI. The purpose of the explorations was to log subsurface
conditions and collect soil samples from locations near the proposed wall and bridge support
locations. Soil exploration information is summarized in Table 1. Approximate locations of the
explorations performed by EMI for this project are shown on Figure 3. Upon completion, the
exploration locations were surveyed by Wagner Engineering & Survey, Inc. (WES) under a
subcontract with EM!. Log-of-Test-Borings (LOTBs) for the borings and CPTs used to
characteri ze the subsurface soil for the Retaining wall A1 are provided at the end of the text and
Boring/Cl'T logs for the borings and CPT soundings used to characterize the subsurface soil for
the east side embankment are provided in Appendix B.

2.2.1 Soil Borings

All of the borings surrounding the proposed embankment and wall were performed at grade in
the undeveloped area near the existing Schuyler Heim Bridge. The deepest boring penetrated
down to about elevation -112 ft, approximately 120 ft below ground surface.

Rotary borings were performed by C&L Drilling Co. (C&L) under a subcontract with EMI,
using a truck-mounted drill rig equipped with 5-in diameter tri-cone drill bit and a mud-rotary
circulation drill system. Auger borings were performed by 2R Drilling Co. (2R), under a
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subcontract with EMI, using a truck-mounted hollow-stem auger drill rig equipped with 8-inch
diameter augers. Subsurface soils and conditions were logged and samples of soils were
collected for laboratory testing. Large bulk samples of near-surface soils were logged and
collected. Smaller soil samples were collected from borings generally at 5 ft: vertical intervals by
means of thin wall Shelby tubes and split-spoon drive samplers. Thin wall Shelby tubes (2.9 inch
ID, 3.0 inch Ofr) were pushed into soft: soils to collect undisturbed samples. Split-spoon drive
samplers; Standard Penetration Test (SPT) sampler and the Modified California Drive (MCD)
sampler were used to collect disturbed and relatively undisturbed samples, respectively. The
MCD is a split-barrel sampler with a tapered cutting tip and lined with a series of 1 inch tall
brass rings; The SPT sampler (1.4 inch ID) and MCD sampler (2.4 inch ID, 3.25 inch aD) were
driven using a 140 pound hammer falling 30 inches down a total depth of 18 inches or until
refusal. The blowcounts for the last ft: of penetration were recorded on the boring logs.

As part of the field investigation, SPT hammer energy measurements were performed by
Earthxpectives (ES) under a subcontract with EM!. Based on those measurements, the average
hammer efficiency was 62 percent in the borings performed by C&L, and 80 percent in the
borings performed by 2R. A copy of the ES report is provided in Appendix C.

Boring geophysical measurements were also collected by Geo Vision under a subcontract with
EMI in six uncased borings as part of the project. Compression (P) and shear (S) wave velocities
were measured along the entire boring depth at the six selected boring locations. A copy of the
Geo Vision report is provided in Appendix D.

TABLE 1. SOIL EXPLORATION INFORMATION

Boring Line
Approx,
Station

Approx. Approx. Bottom of
Approx. Approx.

GSE (ft) GWE Boring Elevation
Offset (ft) (ft) (ft)

Method

A-09-051
....._ ~.-..

A-09-052

A-09-053
..~ _.._ _..__ _ _-_ __ _..-

R-09-00 1
.............__ -."-_ _-_.__ _ ..

R-09-002
.__ _-_ _._ _-_..

R-09-038
..................... _ _ __._--_ _._ .

CPT-09-093
..........._ _.._ __..•._----

CPT-09-09/;
.............................- __ _-
CPT-09-095

"A"
Line

1+64.8 128.1 Lt +5.7 -1.3 -45.8 HS
......._ _.__ _.__._ _ _-_..__ _ -~ _--..-,_ _- _._ _._--,_.._.., ,--_ _.__._ __ ~.~-_.- _-,_ _." _ - _....•.

3+29.0 87.8 Lt +3.2 -5.3 -48.3 HS
............................_.__.__ _ _ _--_ _ -_."._..__ _ __._._.._ - - .._ __._-_ __.._ _..__ - _ _.......... .. ~ __ _ ___ _ .

2+86.8 88.7 Rt +6.0 -2.4 -45.5 HS._ -_ _ ..__ ~._..__._--_..- _ __._ _ __ _ - _._---_ __ _.._~ _ __ _ _ _._.._ _ _-_..-.._ - - ..

4+56.8 73.6Lt +2.4 NR -74.1 RW
...._._~_ - __.--_..__ __ __.-_.__ _ _._.._._.._._ _.__.._ _ _---_ -..- _._-_.._..__ _---_ __..__.._ __ __ __ _._ _ .

4+57.4 110.0 Rt +3.6 NR -72.9 RW-_._.._ ..__.._..__._---_ _ _.._-------_ _..-_ _, _.._..__ _..__ _-_ _ _ -_ _ _._.._ __ __ _-_ _._.._..

1+89.2 80.3 Rt +8.8 +2.3 -111.7 RW_..__._ _ ,,----_ _._ ---_._-----------_.__ _--_..- _-_._ -_.._-_.__ __ _- _._ _.._._._ _ - _.._ - ..

1+72.0 129.2 Lt +5.7 NR -105.2 CPT_ _.__.._---_.._.__.._ __..__._ __._.__ _ _----.__ _ _ _.._.._-._.._----_..__ _._._..~ __ - _..__ _ _ __ __ .

3+35.2 89.1 Lt +3.2 NR -112.3 CPT
.__.__._.-..__.._.._._ ____..__._ _ -._ _-_.__ __._ _-_._ _---_ __._ ___ __._._._-_ _ _._ _ _.._ _._ _._ ..

2+95.4 89.0Rt +5.9 NR -104.3 CPT

Notes: I. Top ofboring elevations based upon NAVD88.
2. GSE = Ground Surface Elevation.
3. GWE = Groundwater Elevation.
4. HS= Hollow-Stem Auger, RW = Rotary Wash, CPT = Cone Penetration Test.
5. NR = Not Recorded.

Earth Mechanics, Inc.
Geotechnical & Earthquake Euqf ne erinq



7

2.2.2 CPT Soundings

The CPT soundings were also performed at grade in the undeveloped area near the existing
Schuyler Heim Bridge. The deepest sounding was advanced down to elevation -112.3 ft,
approximately 115.5 ft below ground surface.

Cone Penetration Test (CPT) soundings were performed by Middle Earth Geo Testing, Inc.
(Middle Earth) under a subcontract with EMI, using an electronic cone penetrometer in general
accordance with the current ASTM Standards (ASTM D5778 and ASTM D3441). The CPT
equipment consisted of a cone penetrometer assembly mounted at the end of a series of hollow
sounding rods. The cone penetrometer assembly consisted of a conical tip with a 60° apex angle
and a projected cross sectional area of 1.55 in? (10 em") and a cylindrical friction sleeve with a
surface area of 23.25 i112 (150 ern"). The interior of the cone penetrometer is instrumented with
strain gauges that allow simultaneous measurements of cone tip and friction sleeve resistance
during penetration. The cone penetrometer assembly is continuously pushed into the soil by a set
of hydraulic rams at a standard rate of 0.79 inch per second (20 mm per second) while the cone
tip resistance and sleeve friction resistance are recorded every 1.967 inches (50 mm) and stored
in digital form. A specially designed all wheel drive 25-ton truck provides the required reaction
weight for pushing the cone assembly and is also used to transport and house the test equipment.
The computer generated graphical logs include cone resistance, friction resistance, and friction
ratio. Soil behavior type interpretations are based on guidelines by Robertson and Campanella
(1989).

23 Laboratory Testing

Laboratory tests were performed to determine relevant physical characteristics and engineering
properties of the in-situ soils at the site. Selected soil samples were tested to determine soil type
and other physical and engineering properties. A list of tests performed, the corresponding test
methods, and purpose of testing is presented in Table 2.

The laboratory soil tests were conducted in general accordance with California Test (CT)
methods or American Society for Testing and Materials (ASTM) standards. The distribution of
laboratory tests is shown on the LOTB sheets at the end of the report and test results are given in
Appendix E.
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TABLE. 2. EXPLANATION OF LABORATORY TESTS PERFORMED

Type of Test
Applicable Test

Method
Purpose

..J
i

.•....._...~

i,
·····..·_···_··1

.............................._.

.._.1

......... l?I)·I?ell~it.X j ....~.?T~.I?}?}?L~~t.iJ~~t~.~~~it.~5!!X.~l:)!!.~~12~~t.Y ___...._
Moisture Content ASTM D 2216 ! Estimate in-situ soil moisture content

... ·····..····__··_·--1--··---_·..·..·····_···_--_··__···_·- ---.! -.-- ---- ------..- _ __._ _.-..__ _-

No..2.0(!y~~~.ll.._ __~~Tt.':'I_I?_l_]~O' -1 g_~!:J!!.11~_~_t.ll_~p~.!:.~:!1!~~~_?r_~!~~~_~E~!J!~9.E~J.~!~1~~_?!~?.il ....................J
Sieve Analysis &

ASTM D 422 Determine particle size distribution of soil
... ... .......'::IX9.1:()I!1e.!~~._._________._L __... .__._____ .___.",,_._.______

! Atterberg Limits ASTM D 4318 I Determine plasticity of fine-grained soil

i ·-~~p~_~iE<9!!~.i.t;-"- --.:~~iB:~§~~~~:~_[~~!~~~~~~~~~J.~~·~~~~!!Y:?E~-~i[~:~~i~~=:::=:_:-:: _
r s:_()J!~~li9.~!i.?~._..__.__ ~.~IMJ?_~~.~~._.i_g.~!~!:!~.J!~~_~!.1P!:~~.~~!~~t.X_?!.~~:.~.~!:~!.~~~~~.?!I ._

i. ··-~~~~~z~~~~----·~----~~~~1~8~-Q--l6~~~~::t~~{~,;~;~~~~~~~·~~~~~~f~~~~-~ll~l~~~~:~-~-f soi I ....__ .. ;

..... ·······-R=V~(~~::~ ·-:~~~-.-::~~:::=~:_~~T_~.~i:-~~·~_~::.:[fi~!~!!~El~~~~ ~.i~~~E~lI : :·:: :: : ::·_: ~: : : : :: : : · : ~_·. : · ::: :: : : · ·: ·· - ·
................ ......_?'!i!P!:!.._m____. __L .__s:I_~~~ . L.I?~!~~~!!~:~.P.!il:l.~~.?~l.~l:)E.~l:)I~=?S i()I!pl:)!~~t.i.a.!~~~!~~~t.i.?~l
,. __ ~1.~I!iJ~~~I~l ~~~i.~!~:'_~tx.i----.--s:I.~~~_ ..--Ll?~£~!.!1!!~~-r.~~-~~!i~!!tl:)L~?ilfl:l.I:5:?_!!:l:).~il:)!1E?!:!:_t~I_~y.~lyat!o.n
, Sulfate Content , CT 417 i Determine sulfate in soil for corrosion potential evaluation

'-Ci~ I·;;:i~i~c~!;t~~t' ...--'j'- - ---CT-42·2-·--··rD~~;:;:;~i;~~-~i~i-;;:i-d~i;~-~~ii-f~;:-~~~:~~i;;~p;t~~ti~i;~~i·~~ti~~~-······

Noles: i . ASTM = American Society for Testing and Materials.
2. CT = California Test Method.
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3.0 GEOLOGY

3.1 Physiography

The Schuyler Heirn Bridge spans the Cerritos Channel in the P011 of Long Beach. Like most of
the shipping channels within the p011, the Cerritos channel is a man-made channel that was
dredged into the former Wilmington Lagoon which was a coastal marshland with abundant tidal
channels, estuaries, and small marshy islands. The site area is in the coastal area of San Pedro
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain
bordered by the Santa Monica Mountains on the n011h, the Repetto and Puente Hills on the
northeast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the south (Figure
4). The western margin of the basin is open to the Pacific Ocean except for one prominent hill,
the Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the n011h from San
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone
(Schell, 2007).

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet above
the plain. The margins of the hills and mountains surrounding the basin are commonly elevated
somewhat above the general level of these major plains by an apron of uplifted sediments such as
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills.

The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills such
as the northwesterly alignment of hiJ.ls and mesas called the Newport-Inglewood Structural
Zone-NISZ (Figure 4). The NISZ extends from the Newp011 Bay area on the south to the Beverly
Hills area on the 11011h, and is a result of geologically recent folding and earthquake fault
displacements. The NISZ divides the basin floor into two major plains, The Downey-Tustin
Plain on the northeast and the Torrance plain (including the Long Beach Plain) on the southwest.
The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5).

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers.
These rivers enter the basin through valleys or canyons in the surrounding mountains such as Los
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin
floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all minor
tributaries in the Basin are confined within concrete-or rip-rap-lined channels but in the natural
state they meandered back and forth across the Basin floor, commonly shifting outlets. For
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay through
Ballona gap and the San Gabriel River flowed into Wilmington Lagoon which is now occupied
by the Port of Los Angeles. At present, the Los Angeles River flows to the Port of Long Beach
Los Angeles area.

The floor of the Los Angeles Basin is directly underlain by unconsolidated Quaternary-age sandy
sediments. These generally can be subdivided into loose unconsolidated Holocene-age sediments
which cover the bulk of the basin, and the underlying Pleistocene-age materials of the Lakewood
and San Pedro formations which are only. exposed in some of the uplifts of the NISZ and the
marginal plains. Hard rocks occur only in the mountains surrounding the basin and at depths
ranging from a few thousand feet to as much as 30,000 feet in the deepest part of the central Los
Angeles Basin.
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Except for the Newport-Inglewood and the Palos Verdes fault zones, most surface geological
faults such as the Santa Monica, Hollywood, and 'Whittier faults occur along the basin margins
(Figure 4). In Addition to these known surface faults" the Los Angeles region is underlain by
buried thrust and reverse faults. These are poorly understood features with poorly known
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which
make up the Puente Hills blind thrust fault system, are examples (Figure 4). However, any large
earthquakes associated with these subsurface features are most likely to originate at great depths
(e.g. about 10 to 12 miles), and thus these should not impact the subject site significantly more
than similar-sized earthquakes on the nearer Newport Inglewood or Palos Verdes faults. The
1987 Whittier earthquake occurred on one of these subsurface faults (either the Santa Fe Springs
or the Coyote Hills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel
Valley northeast of the site. The 1994 Northridge earthquake occurred on a southerly dipping
buned fault below the San Fernando Valley.

3.2 Stratigraphy

The project area is underlain by a sequence of geologic strata consistent with the general
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles
area. Review of the borehole logs drilled for this project, along with existing boring logs from
other geotechnical studies and from published sources (e.g. Zielbauer, et aI., 1962; Wright 1991;
U.S. Geological Survey, 2007; Schell, 2007), indicates similar strata.

The uppermost deposits of 1110st significance to the project were deposited during the last ice age
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise in sea level
was not constant but comprised several fluctuations. Interaction between the fluctuating sea level
and sedimentary deposition from inland streams resulted in a complex association of irregular
and discontinuous beds and lenses of marine and non-marine sedimentary strata. The major
stratigraphic units underlying the project corridor are summarized below:

1) The surficial strata consist of sandy alluvium deposited by streams of the Los Angeles
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along
the coast during the past few thousand years (~ past 5,000 to 7,000 years). These are
about 20 to 30 feet thick.

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits
occur at depths ofabout 25 ±-5 to 70 ±JO feet and represent primarily marine sediments
deposited during the later stages of the most recent rise in sea level that began about
15,000 to 20,000 years ago. However-.these deposits commonly contain sand and fine
gravel lenses deposited by seasonal river flooding during intermittent wetter periods and
storms inland.

3) These are underlain by the Gaspur Formation which is coarser grained Sand -and gravel'
material deposited in a relict channel of the Los Angeles River that was cut when sea
level \-V<1.S lower during the last ice age. As the climate. warmed, sea level rose clue to
melting lei; at the Polar ice caps and the shore line retreated inland. The GaSp1.1r is about.
70 ±10 feet to about 190 feet deep and consists of an upper primarily sandy unit and a
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deeper coarser sand and gravel unit. The gravels of the Gaspur channel extend far inland
and comprise a major aquifer in the Los Angeles area.

4) The Gaspur channel was cut into older Pleistocene material of the Lakewood Formation
which is about 160 to 300 thousand years old. The Lakewood is partially marine and
partially non marine that was deposited during previous Pleistocene ice ages. Lakewood
sediments were intermittently exposed to surficial weathering resulting in desiccation,
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Formation.

5) The San Pedro Formation extends to about 1100 ±50 feet depth and comprises gently
tilted marine silts and sands. overlying the folded Tertiary-age marine deposits (Pico,
Repetto, Fernando formations), and the ancient igneous and metamorphic basement rocks
at a depth of about 10,000 feet.

TABLE 3. STRATIGRAPHY AND CORRELATION CHART, LONG BEACH AREA

Zielbauer
CA Dept. of

Geologic
Formation

Sequence
Age Estimate and others

Water
SHies (USGS, 2007) Resources

(1962)
(1961 )

Dune/Beach Sand,
Coastal Marsh,

Holocene Transgressive Marine, Dominguez <15 ka Gaspur Gaspur
Stream

Alluvium

Upper
Pleistocene

Older Dune Sand,
Stream Alluvium, Near

shore Marine,
Lakewood Frn (Marine

and Non Marine)

Mesa

Pacific

Harbor

Latest Pleistocene
(-30-80 ka)

.....~ ._ _ -._ __._ _ _ __ _.

Early a stage 5
10-130

Constrained between
o stage 5 and 9
(-160-300 ka)

200 ft sand Gage

Lynwood

Silverado

Upper
Silverado

Lower
Silverado

Pliocene B

Pliocene A

Bent Spring
o stage 9-11

(-300-450 ka)
------------------------------------------- 400 ft gravel

Upper 0 stage 12-14
____~~I~~.~~9~~ ~=~!.~.:_2~.9._~_~L . _

Lower 0 stage 15-17+

__ ._~!~mingto~__ ~:.~~=:::2~.Q_~~_. _
-2.G Ma or >2.6 Ma

from magnetic
polarity and

E~l~?_~!~}?~y"__ .
-2.0 Ma or >2.6 Ma

from magnetic
polarity and
paleontology

San Pedro Formation
Lower

Pleistocene

IJpper
Pliocene

Pico/Fernando
Formation

Pliocene C

>2.6 Ma from
magnetic polarity and

paleontology

Pico Pico
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Units 1 through 3 were penetrated by many of the deeper on-land borings drilled for this
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand samples are from
the Gaspur Formation. The over-water borings generally penetrated deeper and extended through
the Gaspur into the upper part of the Lakewood Formation. Other units of the stratigraphic
succession (e.g. the Mesa and Pacific parts of the Lakewood Formation) are present in areas
adjacent to the project area but were eroded away by the erosion that accompanied deposition of
the Gaspur sediments and therefore are not important to the project. Likewise, the San Pedro
formation is deep below the site and is not important to the project.

3.3 Geologic Structure

The regional geological structure was introduced above in the geological Setting. The project
area is near the crest of the Wilmington Anticline (Figure 5) which is a west-northwest trending
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late
Pleistocene strata (Lakewood Formation) form a thin veneer across the Wilmington fold and
appear to be unaffected by the deeper folding and faulting.

There are no known active faults at the project site. The nearest major active faults are the Palos
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the northeast
(Figures 5 and 6). The Thums-Huntington Beach fault is deep below the surface (Figure 6). This
fault is a thrust fault dipping northeasterly at about 25-35 degrees. Some geoscientists suspect the
fault is a potentially active blind thrust fault but high-resolution geophysical data clearly show
the fault does not displace sediments younger than 3 or 4 million years old (Schell, 2007).
Furthermore, the fault displacement diminishes toward the northwest and is virtually nil under
the project area (Figures 5 and 6).

3.4 Seismicity

The project site is in seismically active southem California. The present-day seismotectonic
stress field in the Los Angeles region is one of north-northeasterly compression. This is indicated
by the geologic structures, by earthquake focal-mechanism solutions, and by geodetic
measurements. These data suggest crustal shortening of between 5 and 9 mm/yr across the
greater Los Angeles area (Argus et al., 1999).

Historical earthquake epicenter maps show widespread seismicity throughout the region. The
larger earthquakes are shown on Figure 7, Earthquakes in the region occur primarily as loose
clusters along the Newport-Inglewood Structural Zone, along the southern margin of the Santa
Monica Mountains, along the northem side of the San Fernando Valley, the southern margin of
the San Gabriel Mountains, and in the Coyote Hills-Puente Hills area. Although historical
earthquakes have occurred in proximity to known faults, they are often difficult to directly
associate with mapped faults unless there was a surface rupture or a robust sequence of
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be
correlated with known faults. Part of the con-elation difficulty is due to the fact that the basin is
underlain by the subsurface blind thrust faults that are not likely to be discovered until they
rupture during an earthquake.
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The largest historical earthquakes in the region were the 1994 Northridge and the 1971 San
Fernando earthquake both of which occurred north of the Los Angeles Basin (Figure 7). The
1994 earthquake had a moment magnitude (MW) of about 6.7 (MS == 6.8, ML = 6.4), and
occurred on a southerly dipping subsurface fault which was unknown prior to the earthquake.
The main shock occurred at a depth of about 12 miles below the community of Reseda in the San
Fernando Valley. Earthquake aftershocks clearly defined the rupture surface dipping about 35
degrees southerly from a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The
causative fault was never identified with certainty, but it may have been on the eastern extension
of the Oakridge fault (Yeats and Huftile, 1995), a southerly dipping fault bounding the Ventura
Basin and dipping under the Santa Susana Mountains.

The 197 j San Fernando earthquake was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the
1994 event but did involve surface rupture. The 1971 event occurred on a northerly dipping
thrust fault that dips from the northern side of the San Fernando Valley to a depth of about 9
miles under the San Gabriel Mountains. Several mapped surface faults such as the Sylmar fault,
Tujunga fault, and Lakeview fault were involved. These faults are commonly considered to be
part of the Sierra Madre fault system which extends easterly along the southern margin of the
San Gabriel Mountains from the San Fernando Valley to the north side of the San Gabriel
Valley, and to the Cucamonga fault in the San Bernardino area.

The largest historical earthquake in the Los Angeles region to have a major impact on the site
area was the 1933 Long Beach event which had a magnitude of about MW = 6.4 (ML = 6.3).
This earthquake did not rupture the surface but is believed to have been associated with the
Newport-Inglewood Structural Zone because of the distribution of aftershocks and the
abundance of ground disturbances in proximity to the fault zone (Figure 7). Although ground
failures were abundant along the NISZ trend, no unequivocal surface rupture was identified
(Benioff, 1938). Reevaluation of the seismicity data by Hauksson and Gross (1991) led to
relocation of the 1933 earthquake hypocenter to a depth of about 6 miles below the Huntington
Beach-Newport Beach city boundary.

The 1987 Whittier earthquake (ML = 5.9, MW = 5.9) OCCUlTed on subsurface faults dipping
under the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer,
1999; Shaw et a1., 2002). This zone of faults is referred to as the Puente Hills blind thrust fault
system (Figure 4). This event did not rupture the ground surface.

Another significant earthquake in the Los Angeles region was the 1812 earthquake wh.ich caused
damage at the San Juan Capistrano Mission. The location and magnitude of the 1812 earthquake
are unknown because of the sparse population at the time, but geological studies (Jacoby et a1.,
1988; Weldon et a1., 2004) postulated that it did not occur in the Los Angeles Basin area, but
rather, was a large (1v1> 7.0) distant event on the San Andreas fault in the Wrightwood area of the
San Gabriel Mountains.

The earliest documented earthquake in the region was reported by the Spanish Portola'
expedition as they camped near the Santa Ana River in 1769. This event has been attributed by
various geoscientists to just about every fault in the Los Angeles area but it could just as well
have been a distant event that shook a wide area as did the 1971 San Fernando, the 1987
Whittier, and the 1994 Northridge events, as well as many other more-distant events (for
example, the 1812 or 1992 Landers events).
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3.5 Geologic Hazards

3.5.1 Surface Fault Rupture

No surficial faults are known at the site, therefore the potential for ground rupture due to faulting
is negligible. The nearest major faults with a known potential for surface rupture are the
Newport-Inglewood zone to the northeast and the Palos Verdes Hill fault to the southwest
(Figures 4, 5, and 6).

3.5.2 Subsidence

The ground surface in the Long Beach Harbor area has undergone substantial lowering during
the 20th century due to subsidence of the sediments and rocks underlying the area. Some of this
subsidence may have been due to natural causes (e.g. natural ground-water decline, sediment
compaction, tectonics, 1933 Long Beach earthquake). Harris (1945) estimated natural subsidence
of about half an inch per year. The principal cause of the subsidence has been attributed to
withdrawal of oil and gas (Allen, 1984; Strehle, 1987), but ground-water extraction undoubtedly
contributed, perhaps 2. feet out of the 29 feet (7%), to the total subsidence.

Subsidence accelerated with development of the Wilmington oil field in 1936. The area of
subsidence forms a circular or bowl-shaped area centered on the northeast corner of Terminal
Island (Figure 8A). The maximum subsidence in the center of the subsidence bowl is about 29
feet. Subsidence along the Heim Bridge project corridor in the western part of the subsidence
bowl was about 14 feet (Figure 8A). The maximum rate of subsidence reached about 2.4 feet per
year by 1951. The subsidence was so great that dikes had to be built within the harbor area to
prevent flooding by sea water. Some of the subsided areas behind the dikes have recently been
filled bringing the ground surface back to above sea level (~ +15 feet).

Subsidence was arrested by restoring pressure to the oil zones through injection of water into the
oil wells. This has not only stopped subsidence but has resulted in some rebound, and also has
been of economic benefit by driving more oil to the producing wells. Initial injection began in
1953 but was not fully established until about 1958; by 1961 injection was widespread.
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in 1958
and reached a maximum by about 1964 with only minor fluctuations since. Maximum elevation
rebound has been about 1.6 feet along Anaheim Street, and at the Heim bridge abo ut 1.2 feet
(Figure 8B).

The subsidence did not cause significant damage to most surface facilities but it did damage oil
wells at about 1,500-2,000 feet depth, and induced several small earthquakes. In all, about 500
wells were damaged. Some of the oil well casings were sheared off or so severely darnaged that
the wells had to be abandoned and redrilled.

Mathematical calculations indicate that up to 66 feet of subsidence could occur if allowed to
continue unchecked. To prevent and control further subsidence, injection must be maintained.
even after cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department
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(LBGOD) surveys elevation changes twice a year, and monitors oil field fluid injection designed
to correct elevation changes. The LBGOD estimates survey accuracy of about 0.24 inches; areas
are considered to be stable if elevation changes are less than that (LBGOD, 2009). Bench marks
rise and fall in a somewhat random manner that is not completely understood but injections do
seem to correct elevation changes. The correlation between injection and elevation rebound
appears to be good, but it may take a few months to a year or so to be fully realized.

There are 3 "index" bench marks near the Heim Bridge; one at the north abutment and two more
a little farther to the north. Several other bench marks are scattered around the bridge area. Based
on measurements of these benchmarks, it appears that subsidence of the Heim Bridge area has
resumed since 1995 and total subsidence of about 2 feet has been observed in the Heim Bridge
area since 1995. During the recent years, the annual subsidence rate seems to have decreased;
Measurements were approximately 0.6 in. during the period between May 2007 and April 2008
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009).

3.5.3 Flooding

The flood inundation map in the Los Angeles County safety element of the General Plan (1990)
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of
when it is full, is quite small and it is difficult to imagine that a significant flood surge could be
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and
Los Angeles Basin; therefore, the potential for flooding of the site is considered low.

3.5.4 Tsunami and Seiche

Tsunamis are sea waves generated by submarine earthquakes, landslides, and volcanic eruptions.
Seiches are waves internal to an enclosed or highly restricted body of water that wash back and
forth across the basin. Smaller tsunamis may be common but their run-ups are no more than
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunamis
are caused by submarine earthquakes with a magnitude of about 7 or larger.

Most tsunamis to affect the Los Angeles-Long Beach harbor areas have been generated by
distant earthquakes although California has had few locally generated, historic tsunamis, namely
the 1812 Santa Barbara earthquake and the 1927 Point Arguello earthquake. According to
Houston (1979), the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being
the 'worst) indicating a potential for water run-ups of 5 to 15 feet.

California has been struck by several other significant tsunamis generated in the northern Pacific
(for example" the 1946 Aleutian earthquake ofMw = 7.8 and 1964 Alaska event ofMw = 9.2);
and in the southern Pacific (1922 Chile earthquake of Mw = 8.4 and the 1960 Chile event of Mw
= 9.5). The 1964 Alaska earthquake caused severe damage and 15 fatalities in northern
California. In southern California, the most serious recorded tsunami was generated by the 1960
Chile earthquake. The greatest damage OCCUlTed in the Long Beach-Los Angeles Harbor where
5-foot-high seiche waves surged back and forth in the Ch31111els. Currents of 12 knots were
reported as the water rose and fell rapidly. A 6-foot drop in water level occurred in 1 minute at

Earth Mechanics, Inc.
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Long Beach and 3 foot drop in 5 minutes along the Cerritos Channel. The currents tore some 300
small boats and yachts from the slips and as many as 30 were sunk. Damage was estimated at
between $500,000 to over $1,000,000.

A comprehensive tsunami analysis for the ports of Long Beach and Los Angeles by Moffat &
Nichol (2007) basically confirmed the tsunami hazard from distant events. The analysis included
tsunamis generated by local sources such an earthquakes in the nearby offshore Southern
California Continental Borderland, and by landslides off the Palos Verdes shelf. No tsunamis
have been documented from such local events during historical times. These events are
extremely rare with recurrence intervals up to about 10,000 years. The results of the analysis
indicate that the maximum water level within the Cerritos channel near Heim bridge could be as
high as about 11 feet. Current speeds should be less than about 3 ft/sec.

Earth Mechanics, Inc.
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4.0 SUBSURFACE CONDITIONS

4.1 Subsurface Conditions

Soil stratigraphy is defined by the available soils information and the exploratory borings and
CPT soundings (described in Section 2) performed under the supervision of EMI personnel for
the project. Within the depths explored (down to about elevation -112 ft), the subsurface profile
consists of about 75 ft of interlayered alluvial deposits overlying Gaspur Formation sand.

At the subject site, natural grade lies at an elevation of about 3 ft, with a few feet of import fill
for the existing approach embankment to Schuyler Heim Bridge extending to a maximum
elevation of about +18 ft near the northem end of the proposed wall. The near surface deposits
consist of silty sand and sandy silt between natural grade and about elevation -25 ft. The near
surface deposits are underlain by a thick strata of inter-layered soft to stiff clay, silt, sandy silt,
and loose to medium dense silty sand down to about elevation -70 ft. Below elevation -70 ft, lies
the Gaspur Formation which consists of dense to very dense sand and silty sand within the
depths explored.

It should be noted that the above soil description is general and is intended to describe the
subsurface in very broad terms. The soil descriptions above should not be construed to mean that
the subsurface profile is uniform and that soil is homogeneous within the project area. For details
on the stratigraphy at each borehole location, refer to the LOTB and Log of Boring sheets.

4.2 Groundwater Conditions

During the EMI investigation in 2009, groundwater was recorded in four of the borings
performed near the proposed approach embankment and wall, between elevation +2.3 ft and
-5.3 ft. The elevation that groundwater was encountered in each boring is listed in Table 2 and
also on LOTB/Log of Boring sheets attached with this report. However, due to the proximity of
the site to the Cerritos Channel, where the water elevation is dictated by tidal fluctuations, higher
groundwater elevations than those encountered during the field investigation are likely.

Based on the observed high water elevation for the Cerritos Channel, the design groundwater
was placed conservatively at elevation +5 ft or the ground surface in locations where finished
grade is proposed to be below elevation +5 ft.

4.3 Idealized Soil Profile

Based on information collected from borings A-09-051, A-09-052, A-09-053, R-09-00l,
R·09-02, R-09-038 and CPT soundings CPT-09-093, CPT-09-094 and CPT-09-095 three
separate sections of idealized soil profiles for foundation analysis and design were developed
(A-A' for Abutment 1, B-B' for East Embankment and C-C' for Wall AI, See Figure 3). The
subsurface profiles beneath the proposed structures are shown in Figures 9 through 11. The soil
profiles and design strength parameters are presented below in Table 4.

Earth Mechanics, Inc.
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TABLE 4. IDEALIZED SOIL PROFILE AND PARAMETERS

SECTION A-A' (FROM STA 3+75 TO 4+27)

Approx. Elev. (ft) Predominant Soil Type
Total Unit

Weight
(Ib/ft3

)

Cohesion
(Ib/ft2

)

Friction
Angle

(degree)

o
38

33

36

34

32+20 to Grade

-30.0 to -50.0

-20.0 to -30.0

Grade to -20.0

-75.0to-II0.0

-50.0 to -68.0
.................................................................

-68.0 to -75.0

Silty Sand (assumed embankment fill) 120 200
. _ " _....... . _. . _ _ __._ ..-._._..•.-._ _._ - _._.._ _.._.-.-_._ - _ - - .......................•._ _ - _•........._ _..

Sand / Sand with Silt 120 100
............•.•...-._ .._ __.__ _._ _ --..-.-..__._--_.. . _.....•..._ _-"..- ..•...............................................•.•.•.•••_.

Sand / Sand with Silt 120 100
......_..•......_ _ _.- _ _ .

Silty Sand / Sandy Silt 120 100
.... . _ _ __ - _ _.._..- _ _ _ _._._ _ .

Silty Sand / Sandy Silt / Lean Clay 120 100
.........._.................... . _ ___ _ _ __ _..--_ __.._ - .._ _ _............ .. _.._._.._~ _-_ _ " _ - _.._. . _..-............. .

Silt! Silt with Sand 120 3,000
....................._.............. . __ __.._._._ _.._ __.-_ ,.._ __..__.__ _--_.__ -.._- _.._._-_._.__ _- __ -

Sand / Sand with Silt / Silty Sand 125 0

SECTION B-B' (FROM STA 1+00 TO 3+75, EAST SIDE)

Approx, Elev. (ft) Predominant Soil Type
Total Unit

Weight
(Ib/ft3

)

Cohesion
(lb/ft2

)

Friction
Angle

(degree)

+20 to Grade Silty Sand (assumed embankment fill) 120 200 32
...- ~. . -.- _ _ __ ,-_ _ _.._ - _ __.._ _ _ -. ...- _ __ . .

Grade to -5.0 Silty Sand 120 100 34
................................- - _................ .. _ _.., _ __ ~ __ _~._ _ _...... _._ _ _ _ _ _ _ _ _ -

-5.0 to-25.0 Sand / Sand with Silt! Silty Sand 120 100 30
.........._................ . _ _ _ _-_ - __ _._ _ _ _ _ ---_._ __ _ _ -.................. . ..

-25.0 to -35.0 Sandy Silt / Silt / Lean Clay / Fat Clay 120 700 0
............................~~.. . _._.._._ _ _ -._ _ _ _.._ _._ __.._ __._-_._ __ - _._..- _..__ _ _--_ _..__.._.__ _ .

-35.0 to -48.0 Clayey Silt / Silt / Sandy Silt 120 1,750 0
,. .. . _ _ - _ _ _ _ _.._._.._ _ _.- __ _........................ . _ _.._ _ _............................. .. _ __ __ __ _ _ _ .

-48.0 to -72.0 Silt / Sandy Silt / Silty Sand 120 100 34
... _............ .. _._._ _ - _ _ _ _-_ _ __.._ _ __ _..-.._ _ _.._. . _ - ~ __ -

-75.0to-110.0 Sand/Sand with Silt! Silty Sand 125 0 38

SECTION C-C' (FROM STA 1+00 TO 3+75, WEST SIDE)

Approx, Elev. (ft) Predominant Soil Type
Total Unit

Weight
(Ib/ft3

)

Cohesion
(lb/ft2

)

Friction
Angle

(degree)

+20 to Grade Silty Sand (assumed embankment fill) 120 200 32
.............._ -..__ __ .•...._ _ _ _ _ _ _.._..__..__ - _._ _ _ - __._ _ _........ . __ _.__ _ _ _.....••._ _._.-

Grade to -5.0 Silty Sand 120 100 34
.- - - , _ _.._ _..-' _ -_._ _ _.--_.._.__._ _ _--_ __.__.__ _ _ __..__ _._.- _ __._-_.._.- _ _._.._ - _ .

-5.0 to -22.0 Sand / Sand with Silt / Silty Sand 120 100 30
............_ _ -.._ _--_ - _._.._ _ - ..-..__.._-_ _--_._ __ __ _ __.- _.._..-..~._--_ _..__ __ _..-._ __ __ __ _ _..-.-._.._-_ _..-_ -_ _-_ _- - _.

-22.0 to -40.0 Sandy Silt / Silt / Lean Clay 120 1,250 0
........._ __.._ _- _ _ _ _._ _.__ _ - _..-._-_._.._-_ _ _ _.._._._ _ _ - _ _--_ - _ _._ _ _ - - .

-40.0 to -50.0 Silt / Sandy Silt / Silty Sand 120 100 32
._ _-.~ _ - ._ _..... . _ - _.._ __..- _ _ _ _ _ __.._ -_.._~ _ _ _ - _~_.._._ _ _._ _ _ ,_ _ _..................... . _ _ _ _ .

-50.0 to -70.0 Silt / Sandy Silt / Silty Sand 120 100 34
............................_ _.~ _-_.... . - _ _. . ,_ _ ~ __ _ ~ _ - __ _ -- - _- - _ _..- _ _ _ ...

-70.0 to -110.0 Sand / Sand with Silt / Silty Sand 125 0 38
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Seismic Evaluation

As part of Elvlls scope of work for the Schuyler Heim Bridge (Replace) project, a ground
motion study was performed in accordance to with the 2009 Caltrans Seismic Design Criteria
(Caltrans, 2009). Due to the weak near surface deposits encountered throughout the project area,
a site response analysis was performed to develop the design acceleration response spectra.

As described in Section 2, down-hole shear wave velocity measurements were taken in six of the
rotary wash borings performed along the mainline bridge alignment. Shear wave velocity
profiles were generated for the upper 30 meters (l00 ft) of the soil profile and input into the
program SHAKE91 along with the seven sets of spectrum compatible time histories to develop a
site specific ARS spectrum. The design ARS spectrum was generated by enveloping the mean
plus one standard deviation surface ground accelerations from the SHAKE analysis. Details of
the site specific ground motion study are summarized in a memorandum prepared by EMI, which
is included in Appendix F.

The site response analysis, performed in accordance with the 2009 SDC, results in a peak ground
acceleration (PGA) of 0.5g for the site. Liquefaction potential and seismic settlement analysis
were performed using a PGA of 0.5g resulting from a magnitude 7.0 event. Pseudo-static global
stability analyses were performed using a seismic coefficient of 0.17 equal to one-third the PGA
in accordance with Caltrans guidelines (Caltrans, 2006e).

QroqmL RURtur~: No known active surface faults traverse the project area. The Califomia
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the
proximity of the site. Therefore, the risk of ground surface rupture and related hazards is
considered low.

5.2 Soil Liquefaction Potential and Seismically-Induced Settlement

The liquefaction potential of the saturated, granular materials below the water table was
evaluated using the procedures outlined by Seed et a1. (1983) and updated by NCEER (1997) and
Youd et a1. (2001). For liquefaction potential evaluation of clayey soils, the procedure outlined in
Boulanger and Idriss (2006) was used. The seismically-induced soil settlement was estimated
using the procedures outlined by Tokimatsu and Seed (1987). As discussed in Section 4.2,' the
design groundwater was assumed to be at the lower of elevation +5 ft or the ground surface for
the liquefaction potential evaluation.

Layers, pockets and lenses of saturated coarse-grained alluvial deposits above the approximate
elevation ·-50 ft are expected to be susceptible to liquefaction. Seismically induced-settlements
up to 9 inches are anticipated. The elevations of the potentially liquefiable material and the
corresponding anticipated seismic settlements are shown in Table 5. The location of the
potentially liquefiable material during the design earthquake event is also identified in the
subsurface profiles shown in Figures 9 through 11.
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TABLE 5. LIQUEFACTION AND SEISMIC SETTLEMENT ANALYSIS RESULTS

Boring/CPT
Sounding No.

Approximate Elevations of
Liquefiable Zones

(ft)]

Layer Approximate
Seismically induced
Settlement (inches)

Total Approximate
Seismically induced
Settlement (inches)

A-09-051
-6.8 to -11.8 1.5

"'~-'-'--""-'--""' ..'"'--'-'''--'''''''--''-''''-'''''-_ _ _._ _- __ _-_ - _- -.._.- _-.---_.

-16.8to-45.8 7.0
8.5

A·09-052
+3.2 to -14.3

-39.3 to -44.3

3.2

1.3
4.5

R-09-00 I

A-09-053
-6.5 to -16.5 1.7..__ ~ _ _ _--_.~._ _ _ __ _ __.__ _ _ _ __._ - _-_ _- __ _- __.__._ _- _ -

-21.5 to -26.5 1.5----_._------
-10.0 to -20.0 2.0_ __._ _-_._.._._.._ __ _.._..__.._._ -.__.._------.-._--"-_ __., _--_..__-_.._.._--_ _-_..---_.
-30.0 to -50.0 3.5

3.2

5.5

R-09-002

-4.0 to -9.0 0.7
....._ _ _-_ _._.- _ _-_ _-.--.._._-.- _. ..._ _.__ __ _-_..

-29.0 to -39.0 1.5
....._ - •.. ,._ ,._ _ -.__ -.._-.._..__ _ _ - ..._ _ _ _ __ .

-44.0to-49.0 -1.2

3.4

-6.2 to-13.7 2.8
R-09-ms -18.7 to -23.7 1.3............_..- __.- - __ _ _ _....... . _ _ _ _ _ _ .

-28.7 to -50.0 4.4

-9.5to-l1.4 0.1
............_ _ _ - _ __ - .

to -27.8 0.6..._ __ _ _ _." _._ _ _-_ _ - __._..__.._ _.._..

-34.7 to -36.7 0.2

8.5

CPT-09-094

CPT-09-093 -41 to -43.0 0.1
........._ _-_ _ _..__....•._-_ --_ _._.__ _ - - _............... . _ _ __..- _.-.._ - __._ - __ .

-48.4 to -50.4 0.1-- _..__ _ _._---_ _ _ _ _ __.._.._.-~ _ __ - __-_ _ .

-53.8 to -56.0 0.1
..............-_.__..- -_._ _._ _..~_._.- _ _ -..-_ _ - _ _ - -.. ...-.- _ _ .

-67.4 to -68.8 0.1---------
-3.2 to -8.7 <0.1_ - _ - __ - - _ __ _ ,._. .._ _ - _....... . _ _............... . _ _.._ _..__ _ .

-12.4 to -16.8 <0.1..._ _ _ _.._ _ __ _ _..___ __ _._ _..__ ~ -_ _ _.._ _ _ _.._.._ -
-21.8 to -22.8 <0.1..._ _ _.._ _.._ _ _ -_ _ _ __.., _...................... . __ ~ _ - _._ .

-27.6 to -30.0 0.1_ _.__ __ _-_ _ _ __ _-.._ __ ~ ..__..•- -._ - _ - _ _...

-37.5 to -38.8 <0.1--_ __ _..__ _.._ _ _.._- ..--_.._ _ _ _ _ - _ _- _ _ _._ _ _ _.

-41.5 to -50.0 0.3
-12.8 to -14.8 0.1

1.3

0.5

CPT-09-095
-23.0 to 0.5

•••• _ ••• .. . ... · ·._.·._.. _ _ ••• H' ~ _ _ _ __•• _ __••••_ •• _ •• _ _ _._ ••••_ _ •• _ _ ..

-37.5to-39.5 0.1
to -50 0.1

0.8

Noles: /. Elevations are based on NA VD88.

503 SoHCorrosivity

Samples representative of soils throughout the project area were tested to determine corrosivity
including minimum resistivity, pH, soluble sulfate content, and soluble chloride content. In the
vicinity of the subject site six soil samples were tested for corrosivity using the procedures
described in California Test methods 417, 422, 532, and 643. The pH was determined to vary
between 7.4 and 8.4, the minimum resistivities were between 390 and 2,000 ohm-em, soluble
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chloride contents were between 267 and 1,809 parts per million (ppm) and soluble sulfate
contents were between 20 and 1,380 ppm.

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5
or less, or the chloride concentration is 500 parts per million (ppm) or greater, or the sulfate
concentration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered
to be corrosive.

The backfill for the reinforced soil mass should conform to the corrosion requirements per
Caltrans Standard Special Provision (SSP) for MSE walls. For MSE walls with metallic soil
reinforcement, the permeable backfill material should meet the following requirements:
minimum resistivity of 2,000 ohm-em, chlorides less than 250 ppm, sulfates less than 500 ppm,
and pH between 5.5 m1d 10. Permeable material with geosynthetic soil reinforcement should
have a pH between 4.5 and 9.0.

5.4 Approach Embankment and Mechanically Stabilized Earth Wall Recommendations

As discussed in Section 1.2, the maximum design height of the approach embankment is about
17 ft. Due to the presence of compressible soil; construction of the proposed Schuyler Heim
Bridge approach embankment is expected to induce long-term consolidation settlement within
the footprint of the proposed approach. Several wall altematives were considered, and ultimately
an MSE wall was selected to retain the soil on the west side of the approach embankment
because of its ability to tolerate substantial amount of total and differential settlements.

The MSE wall should be designed based on Section 5 of the Caltrans BDS (Caltrans, 2004).

5.4.1 Latera) Earth Pressures

Using Section 5.5.5.8 of the Caltrans BDS (Caltrans, 2004), an active earth pressure coefficient
of OJ and a soil unit weight of 120 pcf is recommended for the proposed MSE wall (i .e., 36 pcf
equivalent fluid pressure), which retains level backfill. An additional lateral uniform pressure of
75 psf due to a traffic surcharge equivalent to a vertical pressure of 250 psf should be added to
the above lateral earth pressure values, where applicable. The lateral active earth pressure
resultant should be applied to the back of the MSE wall at H/3 ft above the bottom oftbe wall (H
is the wall height in ft).

Per Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of earthquakes need to be
considered in the design of retaining walls which support bridge abutments, soundwalls, or other
installations for which there is a low tolerance for failure. Since the subject MSE wall does not
support any structure for which there isa low tolerance for failme, per Caltrans practice, the .
MSE wall need not to be designed for seismic earth pressures.

5.4.2 Bearing Capacity

Bearillz-Capacity of MSE Structure: Using the maximum wall height of 20 ft and base width of
14 ft at Sta. 3+50 CA" Line), the bearing pressure induced on the underlying foundation soil is
3.4 ksf. Using a base width of ]4 ft, the allowable bearing capacity of the soil directly beneath
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the MSE wall is greater than 3.4 ksf. Therefore, the allowable bearing capacities exceed the
bearing pressures induced by the wall.

BearinQ. Capacity of Leveling Pad: Leveling pads supporting the wall face may be supported on
the in-situ soil. They should be embedded to a depth of O.1H (where H = height of wall in feet),
but not less than 2 ft below lowest adjacent grade. The allowable bearing capacity for the
leveling pad is recommended to be 2.5 ksf.

TABLE 6. MSE WALL Al STABILITY ANALYSES

Approx.
"A" Line
Station

3+50

Max MSE Global Stability
Wall Strap Bearing Capacity Factor of Safety

Height Length Factor of Safety (3)

Static'" Psuedo-Static'!' ,(2)(ft) (ft)

20 14 2.1 2.40 1.18

Notes:

(L) Factor of safety based upon level backfill and 240 psf equivalent vehicle surcharge for static condition. No
vehicle surcharge for psueudo-static condition.

(2) Governing psuedo-static factor of safety based upon static horizontal inertial force equal to one-third the
peak design ground acceleration; 0.] 7g per Caltrans guidelines (2006e).

(3) Demand bearing pressures for MSE walls as shown in Catrans Bridge Design Aids, 2002 for Loading
Condition 1. Bearing capacity factor of safety is 2.] for end of construction also

5.4.3 Settlement

Standard procedures were used to evaluate ground settlement of the underlying foundation soils
due to the proposed MSE and associated embankment fill placement. Generally, fills induce
immediate and consolidation settlement of underlying soils. Immediate settlement occurs during
grading and consolidation settlement occurs over varying time periods. Consolidation settlement
(magnitude and time period) is directly related to the depth of fill placed over compressible soil
and the thickness of compressible soil layers. Immediate settlement which is estimated to be
negligible in this case occurs during grading or shortly thereafter, while consolidation settlement,
which in this case is considerable, occurs over varying time periods.

Based on cross-sections provided by the roadway designers, the potential settlement beneath the
proposed embankment was evaluated at "A" Line Stations 2+50, 3+50, and 4+27. The results for
settlement analysis at Sta. 4+27 are discussed in a separate foundation report prepared by EMI
(2010) for the Schuyler Heim Bridge.

Based on cross-sections provided by roadway designers, the existing embankment will be
widened as much as 3 feet on the east side and 9 ft on the west side and the embankment height
is increased by up to about 2 feet. Based on our calculations, the maximum settlement of soils
underlying the proposed approach embankment is estimated to be about 1.5 inch and the
differential settlement along the wall is estimated to be less than 1 inch per 100 ft. The settlement
period is estimated to be about. 6 weeks to reduce the remaining long-term settlement to less than
J,~-inch.
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Utilities: An existmg 12-inch diameter high pressure gas line is located about 33 ft west of
Abutment 1. Between Sta. 2+50 and 3+50 ("A" Line), this gas line is becoming as close as about
5 to 10ft west of Retaining Wall A1. The maximum settlement below the gas line is estimated to
be about 1.1 inch and the differential settlement along the pipe is on the order of 1 inch per 100
feet.

Settlement Monitoring Recommendations: Based on our experience, the calculated settlements
and settlement periods are approximations of actual field observations. Due to the variability of
subsurface conditions and the thinly layered nature of soil deposits, settlement monitoring is
recommended.

A settlement monitoring program should be implemented for the proposed MSE wall. Surface
monuments should be placed on the face of the MSE wall to measure any vertical or lateral
movement. In addition, surface settlement monuments, constructed in accordance with Caltrans
Standard Plan Sheet A74 or equivalent (Caltrans, 2006b), should be placed at the maximum wall
heights and at every 100 ft along the length of the MSE wall. The settlement monuments should
be installed in a timely manner upon completion of wall construction. Special care should be
exercised in the field to survey and protect these settlement devices. The monuments should be
monitored at the time of installation, on a weekly basis for a month, and then once every 2 weeks
thereafter until it has been verified by the Engineer that the remaining settlement for the
embankment is acceptable. The uppermost levels of wall facing, coping, roadway pavement,
hardscape, and any other improvements should not be constructed until the remaining settlement
is within acceptable limits (i.e., Y2-inch or less),

5.4.4 Overexcavation

The base of the MSE structure will be founded on native soils. EMI recommends remedial
grading consisting of l-ft overexcavation for the section founded on native soil. The bottom of
the overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned to
near optimum moisture content, and compacted to a minimum 90 percent relative compaction.
The overexcavation should be backfilled using granular, non-expansive soils. In the event the
bottom of remedial excavations become saturated due to the presence of shallow groundwater or
seepage, self compacting material such as gravel or lean concrete slurry can be placed within the
limits of the overexcation. The overexcavation should extend at least 3 ft beyond the outer edge
of the leveling pad and 3 ft beyond the back of the reinforced zone behind the wall.

5.4.5 Gjobal Stability

The "global" stabilities of the MSE and east slope were evaluated for both static and pseudo
static conditions using the computer program SLIDE 5.0 (Rocscience, 2006). Strengths of
liquefiable soils were estimated using the method outlined in Seed and Harder (1990)" The
material used for the fill is assumed to have a friction angle of 32 degrees and minimum
cohesion of 200 psf. The cross-sections selected for stability analysis were near "A" Line Sta.
4+27 and Sta. 3+50. The results for the global stability analysis at Sta. 4+27 are discussed in a
separate foundation report prepared by EMI (2010) for the Schuyler Heim Bridge.
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The soil strength within the reinforced earth zone is assumed to have a friction angle of 34
degrees. The in-situ shear strengths of existing fill material and in-situ native soils vary and are
provided in Table 4.

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability analysis for
the seismic condition was performed using the pseudo-static approach with a seismic coefficient
of 0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peak horizontal
acceleration (0.5 g, based on the site specific ground motion study, see Appendix F) but not
exceeding 0.2.

According to the results of the analyses and Caltrans guidelines, the slopes meet the nummum
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the
seismic condition per Caltrans Foundation Design Guidelines (2006e).

5.4.6 Drainage

Sufficient drainage should be provided at the roadway surface of the embankment and between
the pavement structure and the top of the MSE Wall to minimize accumulation of water within
the MSE mass during the life of the structure.
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6.0 CONSTRUCTION CONSIDERATIONS

All work should be performed in accordance with the Caltrans Standard Specifications (Caltrans,
2006c) except as indicated in the Special Provisions prepared for the project improvements.

6.1 Earthwork

6.1.1 General

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard
Specifications (Caltrans, 2006c). Appropriate measures should be taken to prevent damage to
adjacent existing structures and utilities. Design and construction of temporary slopes or shoring
should be made the contractor's responsibility. It should be noted that it is the responsibility of
the contractor to oversee the safety of the workers in the field during construction. The contractor
shall conform to all applicable occupational safety and health standards, rules, regulations, and
orders established by the State of Califomia. In addition, other State, County, or Municipal
regulations may supersede the recommendations presented in this section. If a trench shoring
design and safety plan is required, the geoteclmical consultant should review the plan to confirm
that recommendations presented in this report have been applied to the design.

Heavy construction equipment should not be used immediately adjacent to shoring due to large
lateral pressures induced by such equipment unless the shoring is designed to accommodate
resulting pressures. Excavated soil or construction materials should not be stockpiled adjacent to
shoring or open excavations. Stockpiled soil and construction materials should be set back a
distance at least equal to the height of the excavation.

In fill areas, complete removal of compressible surficial materials including vegetation, topsoil,
loose or soft alluvium, and otherwise unsuitable material is required prior to fill placement. A
minimum overexcavation of 12 inches is recommended within all areas to receive compacted
fill; the overexcavation should extend horizontally a minimum distance of 2 ft from edges of new
fills or structures. Actual depths and extent of the required removals should be determined in the
field by qualified geotechnical personnel. Overexcavated areas should be cleaned of loose soils
and debris and should be observed to be firm and unyielding before receiving fill. The bottom of
the overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned to
near optimum moisture content, and compacted in place to at least 90 percent relative
compaction.

6.1.2 Cuts and Excavations

Preliminary plans show removal of existing retaining wall on the west side of the approach
embankment is necessary to achieve finish grades. Temporary cuts may be required to facilitate
the construction of proposed improvements. Temporary excavations, including temporary
sloping or shoring, will need to be designed by the contractor for local and global stability, once
the means and methods. of construction are determined.
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6.1.3 Groundwater Control

Groundwater was encountered in all of the borings performed near the proposed approach
embankment and wall A1 between Elevation +2.3 ft and -5.3 ft. Based on latest cross sections
provided by the designers, the bottom of proposed leveling pad varies between about elevation
+ I and +2.5 ft. The deepest excavation for the proposed MSE wall is expected to be below the
observed groundwater elevations; therefore, groundwater is expected to be encountered during
construction of the proposed MSE wall. Due to the proximity of the site to the Cerritos Channel
where the water elevation is dictated by tidal fluctuations, even higher groundwater elevations
than those encountered during the field investigation are likely; therefore, the contractor should
be prepared to control groundwater during footing construction. Any groundwater encountered
during footing construction should be controlled in accordance with Section 19-3.04 of the
Caltrans Standard Specifications (2006c). Any seepage or groundwater removed from an
excavation should be tested and disposed of in compliance with all applicable local, state and
federal requirements. Free water should not be allowed to stand in any excavations. If
excavations become flooded, at least the bottom 6 inches of soil should be removed and replaced
or re-cornpacted to 95 percent relative compaction. Additional removals may be required at the
discretion of the Engineer.

6.2 Review of Construction Plans

Recommendations contained herein are based on current design information, The geotechnical
consultant should review the final construction plans and specifications in order to confirm that
the general intent of the recommendations contained in this report have been incorporated into
the final construction documents.

6.3 Geotechnical Observation and Testing

Qualified geotechnical personnel should perform inspections and testing during the following
stages of construction:

Ii Grading operations, including excavations and placement of compacted fill.
.. Placement of reinforcing elements for the MSE structure.
• Shoring installation.
Ii Removal or installation of support of buried utilities or structures.
.. When any unusual subsurface conditions are encountered.
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APPENDIX A. SCHUYLER HElM BRIDGE SEISMIC RETROFIT LOTB SHEETS
PREPARED BY LKR (1998)
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APPENDIX B. SITE-SPECIFIC BORING AND CPT LOGS



SITE-SPECIFIC BORING LOGS



LOG OF BORING NO. A-09-053
Grade Elevation: +8.80 feet

Boring Depth: 51.5 feet Driller: 2R Drilling Inc. SHEET 1 OF 2

BoreholeDiameter: 8 inches Type of Rig: Hollow-Stem Auger Comments:
1. CME 75 with automatic hammer

Date Drilled: 10-12-09 Drive WI. (Ibs): 140 2. 3.25" 0.0. ring sampler

Logged By: K.K Drop (inches): 30 3. "A" Line STA02+86.77±; 88.67 RT±

1if OJ OJo, o 0

~ ~ -'
Q) ~ o GEOTECHNICAL DESCRIPTION Testsl Resultss: OJ Q. :c

C'.'- o. E ;;: 0-
E ~Q) rn ttl 0

0 en en Cii o
D- 0" .:

:
..

.' .-.· , -.
I-- ..· .

0 1 15 · . SILTY SAND (SM): medium dense, brown, moist, fine-grained sand, CR·. ~ :
I-- '.'. ", trace of medium-grained sand, nonplastic

5-_. .' ',',

S 2 Push X CLAYEY SAND (SC): medium dense, olive, moist, fine-grained sand, PA
-

e&.
trace of medium-grained sand, slightly plasticity

-

0 3 50/6" Z very dense OS
- :. i

10-_.

S 4 21
I==F

SANDY SILT (ML): hard, olive, moist, fine-grained sand, trace of PA
- mica, nonplastic

I-

1. 'Sample Type' - Graphical representation of sample type as shown below. IS: Split Spoon - Standard Penetration Test Sample (SPT)
0: Drive Sample - California Drive Sampler iH: Hand Auger Sample - Obtained by collecting hand auger cuttings in a plastic bag
B: Bulk Sample - Obtained by collecting cuttings in a plastic bag iT: Tube Sample - Thin-walled Tube Sample
P: Thin-walled Pitcher Core Sample

2. 'Sample' - Sample Number

3. 'Blows/foot' - Number of blows required to advance sampler one foot (unless a distance is specified).
Samplers in general were driven into the soil at the bottom of the hole with an automatic drop
type 140-lb hammer dropping a standard 30 inches (as specified in header).

'REC/RQD' - Sample Core Recovery (REC) in percent (%) and Rock Quality Designation (RQD) in percent (%).
RQD is defined as the percentage of core in each run in which the spacing between natural fractures is greater
than 4 inches. Mechanical breaks of the core are not considered.

4. 'Graphic Log' - Standard symbols for soil and rock types, as shown in Note B, Sheet 2 of 2

5.
...,..

Encountered groundwater depth while drilling."="'

6. 'Geotechnical Description' (See also Note A, Sheet 2 of 2)
Soil - Soil classifications are in general accordance with the American Society for Testing and Materials
(ASTM) 02488.84. Designations include consistency, moisture, and color. Field description have been modified
to reflect results of laboratory analyses where deemed appropriate.

Rock - Rock classifications generally include a rock type, color, moisture, mineral constituents, degree of
weathering, alteration and the mechanical properties of the rock.

-ti1 Earth Mechanics, Inc.
Geotechnical & Earthquake Engineering
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7. 'Moisture Content' and 'Dry Density' determined by laboratory testing.

Pocket Penetrometer
R-Value
Sand Equivalent
Specific Gravity
Torvane
Unconfined Compression
Unconsolidated-Undrained Triaxial
Vane Shear

PP
R
SE
SG
TV
UC
UU
VS

8. 'Tests/Results' - Identify types of laboratory tests performed on samples collected from the field
investigation. Abbreviations of tests are provided below:

PI Atterberg Limits
CR Corrosivity
CBR California Bearing Ratio
CP Compaction Test
C Consolidation
CU Consolidated-Undrained Triaxial
DS Direct Shear
EI Expansion Index
PA Particle Size Analysis

Pocket penetrometer and Torvane Shear measurements are given on the boring logs directly as the reading
taken from the measuring instrument.

NOTE A Criteria for Describing Moisture Condition

Description

Dry
Moist
Wet

Criteria (After ASTM D 2488)

Absence of moisture, dusty, dry to the touch
Damp but no visible water
Visible free water, usually soil is below water table

Relative Density of Coarse-Grained Soil

Blows/foot

0-4
5 - 10

11 - 30
31 - 50

> 50

Relative Density

Very Loose
Loose

Medium Dense
Dense

Very Dense

Field Test (After Sowers, 1979)

Easily penetrated 12" with 0.5-inch steel rod pushed by hand
Easily penetrated with 0.5-inch steel rod pushed by hand
Easily penetrated with 0.5-inch steel rod driven by 5-lb hammer
Penetrated a foot with 0.5-inch steel rod driven by 5-lb hammer
Penetrated a few inches with 0.5-inch steel rod driven by 5-lb hammer

Relative Density of Fine-Grained Soil
Unconfined

Compressive
Strength (tsD

< 0.25
0.25 - 0.5
0.5 - 1.0
1.0 - 2.0
2.0 - 4.0

> 4.0

Consistency

Very Soft
Soft

Medium Stiff
Stiff

Very Stiff
Hard

Field Test (After Sowers, 1979)

Easily penetrated several inches by fist
Easily penetrated by thumb
Can be penetrated several inches by thumb with moderate effort
Readily indented by thumb, but penetrated only with great effort
Readily Indented by thumbnail
Indented with difficulty by thumbnail

NOTE B
Legend of Earth Materials

[l9 FILL MATERIAL

m LEAN / FAT CLAY
rL.d SANDY CLAY (CL or CH)

mSILT / ELASTIC SILT
SANDY SILT (ML or MH)

a PEAT and/or
g ORGANIC MATTER

DWELL-GRADED [i] POORLY-GRADED LJ COBB LES/BOULDERSi :;. GRAVEL (GW) SAND (SP)

B] POORLY-GRADED B WELL-GRADED ~ IGNEOUS ROCK
,',' GRAVEL (GP) ~::,:"!

SAND (SW)." . "~'"

llilliI SILTY mSILTY SAND (SM) ~ SEDIMENTARY
~ " GRAVEL (GM) I', • ROCK......

r2&I CLAYEY ~ CLAYEY SAND (SC) .-:~'S.< METAMORPHIC
.'~ GRAVEL (GC) .. :1- :;; ROCK

Earth Mechanics, Inc.
Geotechnical & Earthquake Engineering
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LOG OF BORING NO.
Grade Elevation:

Boring Depth:

Borehole Diameter:

Date Drilled:

Logged By:

+ 6.05 ft

51.5 feet

8 inches

10-13-09

K.T

Driller:

Type of Rig:

Drive Wt. (Ibs):

Drop (inches):

2R Drilling Inc.

Hollow-8tem Auger

140

30

A-09-053

I SHEET 1 OF 2

0--

B 0
-

5 -r--

8 1

10-f--

o 2

21

31

t- :

..:

......

. ',':

.:.

.'
,'f ._

vt-.

GEOTECHNICAL DESCRIPTION

SILTY SAND with GRAVEL (SM): dark brown to gray, moist, little
GRAVEL, mostly medium to fine SAND, some nonplastic fines

medium dense, 20% fine GRAVEL, 49% medium to fine SAND, 31%
nonplastic fines

becomes mostly medium to fine SAND, some nonplastic fines

Tests!Results

PA, PI, EI, CP, R

PA, CR

M, UW, 08

15-f--

8 3
f--

20 -f--

o 4

25--

8 5
-

30--

o 6
f--

35 -

-...'

11 ~; ';':~;:Y
• ~ .';' ;t"1

'.~'. :.~:' 'i'· ' ,'

-: :~~:~..

.~~;:;~:/
.,"

".~.. ""::'~'
22 i,.<·..j

.....,
....".::-.::..
' .. t••

• 1~ .:..:' ~:~.

\,,'::
-"'.:,,':-

::·>.;:~·7:

:~:'::"':':"

23
.:

.: :
'.

.. '
"

10

:t.
, ,

I. :

Poorly graded SAND (SP): medium dense, olive gray, moist, 97%
medium SAND, 3% nonplastic fines

Poorly graded SAND with SILT (SP-SM): medium dense, light gray,
moist, 95% medium SAND, 5% nonplastic fines

SILTY SAND (SM): loose, gray, moist, mostly fine SAND, some
nonplastic fines

M, PA

M,UW

M, PA

08

ACTA SCHUYLER HElM BRIDGE REPLACEMENT
PROJECTEarth Mechanics, Inc.

Geotechnical & Earthquake Engineering
Project No, 06-123 I Date: 02-08-10



CONTINUED LOG OF BORING NO. A-09-053

. . .
SILT (ML): stiff, gray, moist, 13% fine SAND, 87% medium plasticity
fines, trace shell fragments

Date Drilled:

Logged By:

W
Qlc,

0c-,

:!!S I-

~QJ

s: Ql C.Ci.15. E E :;;:
QJ ru ro 0
Cl (fJ (J) co
35-r--

S 7 12
f---

40-f..- .

D 8 14
f..-

45-f..- .

S 9 5
f..-

50-f..- .

D 10 12

10-13-09

K.T
Ol

.3
o
:c
Q.

~
CJ

GEOTECHNICAL DESCRIPTION

I SHEET 2 OF 2

Tests! Results

M, PA, PI

c

M, PA, PI

c
f---

55-

60 -

65 -

70-

Terminated Boring at 51.5 feet depth.
Groundwater encountered at 8.5 feet depth.

Hammer Energy Ratio (ER=75%).

ACTA SCHUYLER HElM BRIDGE REPLACEMENT
PROJECTEarth Mechanics, Inc.

Geotechnical & Earthquake Engineering
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Grade Elevation:

Boring Depth:

+ 3.55 ft

76.5 feet Driller:

LOG OF BORING NO.

C&L Drilling Co.

R-09-002

I SHEET 1 OF 3

Borehole Diameter:

Date Drilled:

Logged By:

5 inches

10-12-09

R.J

Type of Rig:

Drive WI. (Ibs):

Drop (inches):

Mud Rotary

140

30

OJ
o
-'
o
:c
Q.

~
(9

GEOTECHNICAL DESCRIPTION

0--

5 --

o 1
-

10--'

S 2
-

~~...: -,

Wdi'·:
r0

<r.:

~VA
~-

42 ~
~
~/A

14

CLAYEY SAND (SC): medium dense grayish brown, moist, trace
fine GRAVEL, mostly fine to medium SAND, little non to low
plasticity fines, weak cementation

Poorly graded SAND with SILT (SP-SM): medium dense, gray, wet,
90% fine SAND, 10% nonplastic fines, trace mica, weak cementation

M,UW

M, PA, CR

'.:',
:..... :

..
15--- ...

o 3 37 <._~; M, UW, OS

- .~. :'..'

.... :

. \,.

'. :'

PA

M,UW

Poorly graded SAND (SP): medium dense, gray, wet, 97% fine
SAND, 3% nonplastic fines, with shell fragments, weak cementation

'.
.::.r-

-', "._ Poorly graded SAND with SILT (SP-SM): very dense, gray, wet,
':" :':' mostly fine SAND, few nonplastic fines, with shell fragments, weak

cementation

-, ~:

-

25-- 

o 5 50/6"

20-- 

S 4
-

... :."

! '

-r :'/
30-- 

S 6

z- i'
'.,":

30 .. -r- becomes medium dense
" '1'

, :.
",'t' .

.l."]' "
'.

•:.; r

35-
:;:.. <:
• I,'

ACTA SCHUYLER HElM BRIDGE REPLACEMENT
PROJECT~ Earth Mechanics, Inc.

"§i~ Geotechnical & Earthquake Engineering
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Date Drilled:

Logged By:

CONTINUED LOG OF BORING NO.
10-12-09

R.J

R-09-002
I SHEET 2 OF 3

GEOTECHNICAL DESCRIPTION

- "

35-1- .

D 7
I--

31 SILTY SAND (SM): medium dense, gray, wet, mostly medium to fine
SAND, some nonplastic fines, trace mica and shell fragments, weak

." cementation..
'..
"

: .. -
.... r u-

M, UW, DS

40-1- .

S 8
I--

17
:- ,"
. ":-..' .'

.'
:. ,"

54% fine SAND, 46% fines M, PA

45-1-- .

D 9 25
I--

50-I-- .

S 10 12
I--

SILT with SAND (ML): stiff, gray, wet, little fine SAND, low plasticity
fines, trace mica

SANDY SILT (ML): stiff, gray, wet, 3% fine GRAVEL, 36% fine
SAND, 61 % low plasticity fines

M, UW, C, PI

M, PA

55-l-- .
SILTY SAND (SM): very dense, gray, wet, mostly fine SAND, littlet--!2 11 50/5" :

... : M,UW,
nonplastic fines, weak cementation

'. ."~
;.. '

. ','
, ..
.'

'.
I:'

'. .' vr.

60 - f-- .
SANDY SILT (ML): very stiff, gray, moist, some fine SAND, lowS 12 27 M

I-- plasticity fines, trace mica

65 -I-- . It:-.t-HH--::-:-:-=-=-="7':"C=-=-=--::---:-------:----:-;---::---;:-:--:-:-::::-------j
D 1389/11" >.... SILTY SAND (SM): very dense, gray, wet, mostly fine SAND, some

I-- nonplastic fines, weak cementation
" I·

:,-,.' .
" ~ .

70-- .

S 14 63
-

\~. v' •

rY/
~~

CLAYEY SAND (SC): very dense, gray, wet, mostly fine SAND,
some low plasticity fines, weak cementation, with 8" lean CLAY layer

M, PI

ACTA SCHUYLER HElM BRIDGE REPLACEMENT
PROJECTEarth Mechanics, Inc.

Geotechnical & Earthquake Engineering
Project No. 06-123 I Date: 02-08-10



CONTINUED LOG OF BORING NO. R-09-002

M, PA

I SHEET 3 OF 3

GEOTECHNICAL DESCRIPTION

Terminated Boring at 76.5 feet depth.
Groundwater Table was not measured.

Hammer Energy Ratio (ER=60%).

10-12-09

R.J
OJo
-'
o
:c
a.
f!!

C9

ill SILT (ML): very stiff, gray, moist, 1% fine GRAVEL, 13% fine SAND,
86% low plasticity fines

1\'------ -----==----:-----:-=---,-----,-,=-::-::---,----,----, --1

Date Drilled:

Logged By:

~
QJ
c,

(5
~ ~

iii (JJ ~s: "1i Ci
15. E E :;:
(JJ ru <1l 0
0 en (f) 1i5
75-_.

S 15 31
-

80-

85-

90-

95-

100-

105-

110-

ACTA SCHUYLER HElM BRIDGE REPLACEMENT
PROJECTEarth Mechanics, Inc.
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LOG OF BORING NO.
Grade Elevation:

Boring Depth:

Borehole Diameter:

Date Drilled:

Logged By:

+ 8.80 ft MLLW

120.5 feet

5 inches

11-04-09

K.T/K.P

Driller:

Type of Rig:

Drive Wt. (lbs):

Drop (inches):

C&L Drilling Co.

Mud Rotary

140

30

R-09-038

I SHEET 1 OF 4

o-t-

B 0
t-

5 -I--- .

S 2
I---

10-1-- .

D 2
-

15-

20-- .

D 3
-

25 -I-- .

S 4
-

21

60

9

38

'.

, :
......r ....

.. .' .
:~ ....
::' :.,'
;.. ' ,"

,".; .

.. ..
" .

-,' ,.'

: :"

,', '.

......
':...

" .
. ,.

': .

;. ':., .

.... \,.

" .
. ::. -t,

:.: -:

'. :'

: ....:.

,,', .
: ..

. ::.,

',' :.

..
,.

.: .:

".. :-.

GEOTECHNICAL DESCRIPTION

SILTY SAND (SM): medium dense, moist, olive gray, 10% fine
GRAVEL, 55% medium to fine SAND, 35% nonplastic fines, weak
cementation

mostly medium to fine SAND, somenonplastic fines

Poorly SAND with SILT (SP-SM): dense, moist, olive gray, 95%
medium to fine SAND, 5% nonplastic fines, weak cementation

becomes loose, mostly fine SAND, few nonplastic fines

becomes dense, gray, 88% fine SAND, 12% nonplastic fines

CR, CP, PA

M, UW, PA

PA

30 -'-- .

D 5 18
I--

35-

" :,.:'

.......
-, .:..

SILTY SAND (SM): medium dense, moist, gray, mostly fine SAND,
some nonplastic fines, weak cementation

M,DS

ACTA SCHUYLER HElM BRIDGE REPLACEMENT
PROJECTEarth Mechanics, Inc.

Geotechnical & Earthquake Engineering
Project No. 06-123 I Date: 02-08-10



Date Drilled:

Logged By:

CONTINUED LOG OF BORING NO.
11-04-09

K.T/K.P

R-09-038
I SHEET 2 OF 4

GEOTECHNICAL DESCRIPTION

.; '; SILTY SAND (SM): medium dense, moist, 86% fine SAND, 14%
\ nonplastic fines, trace shell fragments, weak cementation

35-- ,

U 6
-

40--
D 7-1 28

7-2-

45-

-

U 8
-

50-- ,

S 9 12

55-c--
10

_
1

D 10-~ 34
-

60-

c--

U 11

65 -c-- '

S 12 24

I

• I, •

-, '.' ...... :.

,:- ...

Fat CLAY (CH): medium stiff, gray, moist, 1% fine SAND, 99% high
plasticity fines, PP=0.8 tsf

SANDY SILT (ML): very stiff, gray, moist, some fine SAND,
nonplastic fines

SILT with SAND (ML): stiff, gray, moist, 24% fine SAND, 76% low
plasticity fines

SANDY SILT (ML): stiff, gray, moist, 42% fine SAND, 58% nonplastic
fines

SILTY SAND (SM): medium dense, moist, mostly fine SAND, some
nonplastic fines, weak cementation

SILT with SAND (ML): very stiff, dark gray, moist, 28% fine SAND,
72% low plasticity fines

SILT (ML): very stiff, gray, moist, 13% fine SAND, 72% nonplastic
fines

M, UW, UU, SG, PA,
PI, PP

M, UW, PA
PI

M, UW, UU, SG, PA,
PI, PP

M, PA, PI

M, UW, C, PI
M,UW

M, UW, UU, SG, PA,
PI, PP

M, PA, PI

70-- ,

D 1394/10"
-

becomes hard M,UW

ACTA SCHUYLER HElM BRIDGE REPLACEMENT
PROJECTEarth Mechanics, Inc.

Geotechnical & Earthquake Engineering
Project No. 06-123 I Date: 02-08-10



Date Drilled:

Logged By:

CONTINUED LOG OF BORING NO.
11-04-09

K.T/K.P

R-09-038
I SHEET 3 OF 4

en
o

...J

o:c
0.
~
o

GEOTECHNICAL DESCRIPTION

75-1--
14

_
1

S 14-2 24
I--

80-1--

o 15 50/5"

85-1-- .

S 16 83

90-1-- .

o 17 50/5"

95-

Lean CLAY with SAND (CL): very stiff, moist, dark gray, trace fine
1\ SAND, mostly medium plasticity fines

SILT with SAND (ML): very stiff, dark gray, moist, little fine SAND,
moslty nonplastic fines

SANDY SILT (ML): hard, gray, moist, 41% fine SAND, 59%
nonplastic fines

Poorly graded SAND (SP): very dense, moist, gray, 96% medium to
fine SAND, 4% low plasticity fines, weak cementation

M, Pi

M, UW, PA, PI

M, UW, PA

100-- .

S 18 54
-

105-

110-- .

S 19 73

":.
.," ..'

'". ".. .
.,

,..
. :....-

. .....~
" :.' , ~
',! ". ,':"

,f :. '.

,'. "

,-., .

SILTY SAND (SM): very dense, moist, mostly medium to fine SAND,
little nonplastic fines, weak cementation

81% medium to fine SAND, 19% nonplastic fines M, PA
- :,";'

..'; '.

...' ..

ACTA SCHUYLER HElM BRIDGE REPLACEMENT
PROJECTEarth Mechanics, Inc.
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CONTINUED LOG OF BORING NO. R-09-038
Date Drilled:

Logged By:

~
(])
c, oc-,

~ f- ,g
(])

OJ
.c Ci C. <f)

"- E E ~
OJ t1J III 0
0 OJ U) iIi

115-

11-04-09

K.T/K.P

. '.....

GEOTECHNICAL DESCRIPTION

I SHEET 4 OF 4

. .~ .
. . '
: c.

'r, '.

" .':
:. ' ..
'..

12(l-!=S= 20' R'EF/6" ,':'

125-

13(l-

135-

140-

145-

150-

No Recovery

Terminated Boring at 120.5 feet depth.
Groundwater encountered at 6.5 feet depth.

Hammer Energy Ratio (ER=60%).

Earth Mechanics, Inc.
Geotechnical & Earthquake Engineering
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SITE-SPECIFIC CPT SOUNDING LOG



Earth Mechanics
Project Schuyler Heim Bridge Operator DK-ML Filename SDF(297).cpt
Job Number 06-123 Cone Number DSG1023 GPS
Hole Number C-09-095 Date and Time 10/20/2009 7:07:16 AM Maximum Depth 110.56 ft
Water Table Depth 10.00 ft

Net Area Ratio .8

Cone Size 10cm squared Soil Behavior Referance*Soil behavior type and SPT based on data from UBC-1983

 0 

 20 

 40 

 60 

 80 

 100 

 120 

 0  500 
TIP
TSF  0  10 

FRICTION
TSF  0  10 

Fs/Qt
%  0  200 
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EARTHSPECTIVES
250 Goddard
Irvine, California 92618

Phone: (949) 777-1270
Fax: (949) 777-1283

November 12, 2009
EarthMechanic, Inc.
17660 Newhope, Suite E
Fountain Valley, California 92708

Attention: Mr. Ranjan Guneranjan

Dear Ranjan:

SPT Hammer Energy Measurement
Borings A-09-053, R-09-004, and R-09-009
ACTA Schuyler Heim Bridge Replacement
Long Beach, California
ES Project No. 09095-141

INTRODUCTION

This letter report summarizes the results of EarthSpectives' (ES) SPT hammer energy measurements

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It

provides a description of the test program and results.

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and

6066 test standards. Results are summarized in Table 1, while more details regarding energy records

are provided in Appendix A.

TESTING CONDITIONS

Test Borings
SPT hammer energy measurements were performed at three boring locations drilled by th ree different

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig

equipped with a Automatic trip hammer and HF2-5/8 drill rod, while C&L Drilling samplers were

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made

drill rod.

Instrumentation
SPT energy measurements were performed by placing a 2 ft instrumented section of drill rod at the top

of the drill string between the hammer and the existing sampling rods. The instruments co nsist of two

Geotechnical Specialty Engineering



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The

raw data were stored directly on a portable field computer for subsequent analysis in the office.

RESULTS

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred

energy to rated energy of the hammer which is the product of the weight of the hammer times the

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft).

TABLE 1 - SUMMARY OF SPT HAMMER ENERGY MEASUREMTS

NOTE: Numbers m each cell are Mm, Max, and Avg efflciency for that sampling depth

AVERAGE SPT HAMMER EFFICIENCY
(ENERGY TRANSFER RATIO

SAMPLING DEPTH BORING A-09-053 BORING R-09-004 BORING R-09-009

(FT)
2R Drilling, Inc. So Cal drilling, Inc. C&L Drilling, Inc.

Hollow Stem Mud Rotary Mud Rotary
Automatic Trip hammer Automatic Trip hammer Rope and Cat-Head

Manual Hammer
5 77%, 92%, 87% -- --
10 72%, 95%, 87% 49%, 76%, 65% 50%, 64%, 58%
15 75%, 84%, 80% -- --
20 73%, 88%, 83% -- 48%, 69%, 61%
21 -- 77%, 80%, 79% --
25 71%,76%,74% -- --

30 70%, 86%, 82% 77%,81%,80% 49%, 69%, 58%
35 80%, 84%, 82% -- --
40 79%, 85%, 83% 77%, 84%, 82% 56%, 73%, 65%
45 81%, 86%, 84% -- --
50 78%,83%,81% -- --
56 -- 79%, 82%, 80% --
60 -- 78%, 85%, 83% 49%,74%,64%
70 -- 78%,81%,80% 51%,73%,59%
80 -- 76%, 83%, 82% 47%,78%,65%
90 -- 78%, 82%, 80% 41%,76%,54%
100 -- -- 51%, 76%, 63%
105 -- 75%,84%,81% --
110 -- -- 51%,81 %,66%
115 -- 76%, 80%, 79% --
120 -- -- 36%,78%,62%
125 -- 75%,81%,80% --
130 -- -- 51%, 80%, 68%
135 -- 73%, 80%, 78% --
140 -- -- 43%,70%,61%
145 -- 75%,81%,80% --
155 -- 78%,84%,81% 36%, 75%, 62%..

-2-



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of

blow number in Appendix A. Table immediately following the plot also provides the minimum,

maximum, and average values at each sampling depth in addition to raw data.

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall

average of 62 percent for boring hole R-09-009.

LIMITATIONS

Professional judqments represented in this report are based on evaluations of the technical

information gathered, our understanding of the proposed construction, and our general experience in

the geotechnical field. We do not guarantee the performance of the project in any respect, only that

our engineering work and judgments are rendered while striving to meet the standard of care of our

profession at this time.

CLOSURE

It has been a pleasure serving you on this project and we look forward to working with you again.

Please call if you have any questions.

Sincerely Submitted for EarthSpectives

Hossein K. Rashidi, Ph.D., P.E.
Principal Engineer

- 3 -



EarthSpectives
ACTA SCHUYLER HElM BRIDGE REPLACEMENT. BORING HOLE A-09-053.

2009-0ct-13
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Pile: A-09-053 Proj: ACTA HElM BRIDGE PROJECT Pg1
Info: HOLLOW STEM SP: 0.492 k/ft~3

AR: 1.2 in~2 WS: 16808 ft/s
LE: 56.0 ft EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
-----------------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft 51- K-ft bl/min ksi ksi ksi0

1 4 5.00 AV 0.28 82 0 1. 50 204 54.7 20.06 20.13 6.81

25 4 10.00 AV 0.30 87 0 1. 54 216 52.6 20.27 20.36 5.80
MX 0.32 92 0 2.70 261 55.2 24.00 24.26 9.85
MN 0.27 77 0 1. 41 204 0.0 19.70 19.82 3.41

62 7 15.00 AV 0.30 87 0 2.83 266 53.3 24.22 24.36 5.75
MX 0.33 95 0 2.92 299 55.2 24.79 25.01 14.34
MN 0.25 72 0 2.16 252 0.0 22.26 22.28 3.10

76 2 20.00 AV 0.28 80 0 2.22 314 51. 6 21.17 21.22 11.75
MX 0.30 84 0 2.32 324 55.0 22.68 22.69 14.29
MN 0.26 75 0 2.16 299 33.8 5.0l 5.05 1. 41

113 7 25.00 AV 0.29 83 0 3.02 318 53.6 22.28 22.49 5.85
MX 0.30 88 0 3.24 332 55.4 22.69 22.94 14.43
MN 0.25 73 0 2.27 303 0.0 21.5l 21.70 2.08

140 5 30.00 AV 0.26 74 0 2.18 309 53.9 21.03 21.10 9.06
MX 0.30 76 0 2.29 319 54.2 22.26 22.37 12.58
MN 0.25 71 0 2.10 298 53.3 4.68 4.70 1. 80

153 2 35.00 AV 0.29 82 0 3.14 338 46.0 21. 50 21.63 7.73
MX 0.30 86 0 3.19 354 54.7 23.23 23.37 9.57
MN 0.24 70 0 3.01 261 0.0 4.52 4.57 2.90

158 1 40.00 AV 0.28 82 0 2.62 351 43.3 22.84 22.99 13.57
MX 0.29 84 0 3.16 361 54.4 23.20 23.33 15.32
MN 0.28 80 0 2.46 345 0.0 22.64 22.86 9.31

176 3 45.00 AV 0.29 83 0 2.98 360 51.4 22.73 22.89 8.15
MX 0.29 85 0 3.11 372 54.7 23.06 23.25 16.15
MN 0.27 79 0 2.50 347 0.0 22.24 22.29 7.37

186 2 50.00 AV 0.29 84 0 2.57 363 49.0 22.94 23.10 14.04
MX 0.30 86 0 2.89 375 54.6 23.38 23.42 15.32
MN 0.28 81 0 2.50 348 0.0 22.7l 22.83 10.26

203 2 58.50 AV 0.28 81 0 2.82 362 54.6 22.13 22.34 8.10
MX 0.29 83 0 2.87 372 55.0 22.7l 22.82 9.99
MN 0.27 78 0 2.74 349 54.2 21.74 21.93 7.46



Pile: A-09-053
Info: HOLLOW STEM

BL# COMMENTS
1 JC = 0.70
1 Sample at 5 ft

25 Sample at 10 ft
62 Sample at 15 ft
76 Sample at 20 ft

113 Sample at 25 ft
140 Sample at 30 ft
153 Sample at 35 ft
158 Sample at 40 ft
176 Sample at 45 ft
186 Sample at 50 ft

DRIVEN (2009-0ct-13 : A-09-053.MDF)

Proj: ACTA HElM BRIDGE PROJECT Pg2



EarthSpectives
ACTA SCHUYLER HElM BRIDGE REPLACEMENT, BORING HOLE R-09-004.
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Pile: R-09-004 Proj: ACTA HElM BRIDGE PROJECT Pg1
Info: MUD ROTARY SP: 0.492 k/ft~3

AR: 1.4 in~2 WS: 16808 ft/s
LE: 163.0 it EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
-----------------------------------------------------------------------------
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft % K-ft bl/min ksi ksi ksi

1 2 10.00 AV 0.20 59 0 2.79 164 0.0 26.20 32.04 11.83

33 2 21.00 AV 0.22 65 0 3.39 171 39.1 29.39 33.69 12.31
MX 0.26 76 0 4.97 176 40.6 35.16 35.16 18.20
MN 0.17 49 0 1. 90 156 0.0 21. 85 21. 85 10.73

53 2 30.00 AV 0.27 79 0 5.19 163 38.4 33.90 33.90 18.14
MX 0.28 80 0 5.33 181 40.7 35.25 35.25 20.04
MN 0.27 77 0 4.95 156 0.0 31.94 31.94 16.83

85 3 40.00 AV 0.28 80 0 5.06 189 39.1 34.43 34.43 17.43
MX 0.28 81 0 5.14 192 40.5 35.24 35.24 20.17
MN 0.27 77 0 4.67 182 0.0 32.26 32.26 15.43

98 1 56.00 AV 0.28 82 0 4.69 207 35.4 32.93 32.93 19.77
MX 0.29 84 0 4.82 213 39.9 33.84 33.84 20.65
MN 0.27 77 0 4.52 184 0.0 32.31 32.31 16.68

120 5 60.00 AV 0.28 80 0 4.82 191 37.9 34.55 34.55 15.49
MX 0.28 82 0 4.93 202 39.9 35.30 35.30 21.62
MN 0.27 79 0 4.47 187 0.0 32.44 32.44 14.43

155 3 70.00 AV 0.29 83 0 4.53 215 39.0 32.96 32.96 18.89
MX 0.29 85 0 4.68 223 40.4 33.99 33.99 21.51
MN 0.27 78 0 4.06 206 0.0 31.25 31.25 15.91

177 2 80.00 AV 0.28 80 0 4.19 216 38.2 32.36 32.36 14.68
MX 0.28 81 0 4.28 223 40.4 33.53 33.53 17.11
MN 0.27 78 0 4.09 206 0.0 31. 54 31.54 13.13

261 8 90.00 AV 0.28 82 0 4.30 238 39.4 32.11 32.11 13.60
MX 0.29 83 0 4.44 246 40.1 33.19 33.19 16.14
MN 0.26 76 0 4.12 212 0.0 31.38 31. 38 11.96

333 4 105.00 AV 0.28 80 0 4.28 235 39.3 32.88 32.88 11.18
MX 0.28 82 0 4.89 242 40.1 34.28 34.28 14.93
MN 0.27 78 0 4.19 202 0.0 31.69 31.69 9.08

414 8 115.00 AV 0.28 81 0 5.01 208 39.2 32.5'1 32.54 12.80
MX 0.29 84 0 5.27 223 40.0 35.90 35.90 14.87
MN 0.26 75 0 4.60 150 0.0 28.9l 28.91 10.42

516 10 125.00 AV 0.27 79 0 5.39 163 39.3 36.22 36.22 12.06
MX 0.28 80 0 5.48 226 40.0 37.09 37.09 14.79
MN 0.26 76 0 4.70 157 0.0 32.53 32.53 9.07



Pile: R-09-004 Proj : ACTA HElM BRIDGE PROJECT Pg2
Info: MUD ROTARY
-----------------------------------------------------------------------------
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft % K-ft bl/min ksi ksi ksi
575 5 135.00 AV 0.28 80 0 5.14 210 38.6 35.68 35.68 12.65

MX 0.28 81 0 5.38 222 39.4 36.75 36.75 14.02
MN 0.26 75 0 4.96 154 0.0 34.28 34.28 11.15

654 7 145.00 AV 0.27 78 0 5.48 156 39.1 35.48 35.48 8.50
MX 0.28 80 0 5.57 190 39.9 36.26 36.26 11.96
MN 0.25 73 0 5.01 142 0.0 34.11 34.11 5.84

738 8 155.00 AV 0.28 80 0 5.11 194 39.0 34.13 34.13 7.09
MX 0.28 81 0 5.29 213 39.7 35.36 35.36 9.97
MN 0.26 75 0 4.02 185 0.0 32.39 32.39 4.89

830 8 165.95 AV 0.28 81 0 4.07 221 39.7 32.50 32.50 6.57
MX 0.29 84 0 4.26 232 39.8 34.26 34.26 9.64
MN 0.27 78 0 3.82 207 39.2 30.05 30.05 4.79

BL# COMMENTS
1 JC = 0.70

53 Sample at 30 ft
98 Sample at 56 ft

177 Sample at 80 ft
261 Sample at 90 ft
333 Sample at 105 ft
414 Sample at 115 ft
516 Sample at 125 ft
575 Sample at 135 ft
654 Sample at 145 ft
738 Sample at 155 ft

DRIVEN (2009-0ct-22 : R-09-004.MDF)



EarthSpectives
ACTA SCHUYLER HElM BRIDGE REPLACEMENT, BORING HOLE R-09-009,

2009-0ct-28
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Pile: R-09-009 Proj: ACTA HElM BRIDGE PROJECT Pg1
Info: MUD ROTARY- rope and cathead SP: 0.492 k/ft~3

AR: 1.4 in~2 WS: 16808 ft/s
LE: 165.0 ft EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max Fl or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
---------------------------------------------------------- -------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft s- K-ft bl/min ksi ksi ksi0

1 3 10.00 AV 0.20 55 0 2.10 0 24.0 28.27 28.27 0.00

34 3 20.00 AV 0.20 58 0 1. 94 127 36.6 18.84 18.84 4.18
MX 0.22 64 0 2.67 178 38.2 21.77 21.77 6.58
MN 0.17 50 0 0.00 0 24.0 6.34 6.34 0.55

56 2 30.00 AV 0.21 61 0 2.26 194 34.2 18.69 18.69 6.31
MX 0.24 69 0 2.96 247 37.1 23.57 23.57 8.24
MN 0.16 48 0 0.00 a 0.0 14.23 14.23 0.51

65 1 40.00 AV 0.20 58 0 1. 89 164 30.2 19.71 19.71 7.25
MX 0.24 69 0 2.60 231 36.5 21.02 21.02 10.52
MN 0.17 49 0 0.00 0 0.0 18.44 18.44 0.90

81 1 60.00 AV 0.22 65 0 2.65 212 32.7 18.96 18.96 7.92
MX 0.25 73 0 3.57 263 36.2 27.82 27.82 9.45
MN 0.19 56 0 0.00 2 0.0 3.14 3.14 0.46

110 2 70.00 AV 0.22 64 0 2.88 219 30.1 21.46 21.46 7.54
MX 0.26 74 0 3.81 262 36.1 29.54 29.54 8.88
MN 0.17 49 0 0.00 0 0.0 17.26 17.26 3.92

147 3 80.00 AV 0.20 59 0 2.23 187 36.3 20.16 20.16 7.94
MX 0.25 73 0 3.15 253 39.1 25.27 25.27 10.30
MN 0.05 51 0 0.00 0 0.0 8.30 8.30 2.89

229 8 90.00 AV 0.22 64 0 2.62 234 36.4 19.28 19.28 5.25
MX 0.27 78 0 3.46 306 38.6 27.34 27.34 7.73
MN 0.16 47 0 0.00 16 0.0 3.27 3.27 0.37

310 8 100.00 AV 0.19 54 0 2.71 245 33.4 21.08 21.08 2.78
MX 0.26 76 0 3.57 351 37.7 26.83 26.83 7.62
MN 0.14 41 0 2.20 22 0.0 5.52 5.52 0.89

394 8 110.00 AV 0.22 63 0 2.83 231 34.5 20.95 20.95 4.04
MX 0.26 76 0 3.90 287 36.8 29.25 29.25 7.67
MN 0.17 51 0 0.00 184 0.0 15.45 15.45 1. 54

481 8 120.00 AV 0.23 66 0 2.72 246 36.9 20.99 20.99 3.31
MX 0.28 81 0 3.48 308 39.7 26.42 26.42 5.42
MN 0.18 51 0 0.00 178 0.0 15.88 15.88 1. 42

591 11 130.00 AV 0.21 62 0 2.87 214 36.6 21.08 21.08 2.77
MX 0.27 78 0 4.16 259 38.7 30.5l 30.51 7.35
MN 0.12 36 0 0.00 123 0.0 13.80 13.80 1.12



Pile: R-09-009 Proj: ACTA HElM BRIDGE PROJECT Pg2
Info: MUD ROTARY- rope and cathead
-----------------------------------------------------------------------------
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft 9- K-ft bl/min ksi ksi ksi0

687 9 140.00 AV 0.24 68 0 3.01 236 34.8 23.31 23.31 2.79
MX 0.30 80 0 3.69 303 38.8 28.09 28.09 5.59
MN 0.18 51 0 0.00 13 0.0 3.80 3.80 0.47

780 6 155.00 AV 0.21 60 0 2.86 188 38.0 20.27 20.27 3.95
MX 0.24 70 0 3.77 264 39.8 28.67 28.67 5.87
MN 0.15 43 0 0.00 1 36.0 4.85 4.85 0.56

840 6 164.57 AV 0.21 62 0 2.91 211 38.1 20.71 20.71 1. 88
MX 0.26 75 0 3.72 291 39.5 28.13 28.13 3.30
I'1N 0.12 36 0 1. 60 121 35.6 13.42 13.42 0.77

BL# COMMENTS
1 JC = 0.70

34 Sample at 20 ft
81 Sample at 60 ft

147 Sample at 80 ft
229 Sample at 90 ft
310 Sample at 100 ft
394 Sample at 110 ft
481 Sample at 120 ft
591 Sample at 130 ft
687 Sample at 140 ft
780 Sample at 155 ft

DRIVEN (2009-0ct-28 : R-09-009.MDF)
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INTRODUCTION

Boring geophysical measurements were collected in six uncased borings for the Schuyler Heim

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisition was

performed between October 19 to November 6, 2009 by Victor Gonzalez and Charles Carter of

GEOVision. Data analysis was performed by Victor Gonzalez and reviewed by Robert Steller of

GEOVision. Report preparation was performed by Victor Gonzalez and reviewed by John Diehl

of GEOVision. The work was performed under subcontract with Earth Mechanics, Inc. (EMI)

with G. 1. Gunaranjan serving as the point of contact for EM!.

This report describes the field measurements, data analysis, and results of this work.
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SCOPE OF WORK

This report presents the results of boring geophysical measurements collected between October

19 and November 6, 2009 in six 4 7/8 -inch uncased borings, as detailed in Table 1. The purpose

of the study was to supplement stratigraphic information obtained during EMI's soil sampling

program and to acquire shear wave velocities and compressional wave velocities as a function of

depth.

Coordinates and elevations provided by EMI

ELEVATION - FEET COORDINATES - FEET (I)

BORING DATES MLLW(1)

DESIGNATION LOGGED NORTHING EASTING

R-09-007 10/19/2009 -0.79 1,735,625 6,488,980
R-09-014 10/20 - 10/21/2009 -1.33 1,736,114 6,489,009
R-09-021 10/21/2009 7.31 1,736,864 6,488,921
R-09-022 11/02 -11/03/2009 -4.11 1,737,853 6,488,768
R-09-025 11/05/2009 -3.90 1,738,368 6,488,737
R-09-028 11/06/2009 -3.32 1,738,869 6,488,698

(I)

Table 1 Boring locations and logging dates

The OYO Suspension Logging System was used to obtain in-situ horizontal shear and

compressional wave velocity measurements at 1.6-foot intervals. The acquired data were

analyzed and a profile of velocity versus depth was produced for both compressional and

horizontally polarized shear waves.

A detailed reference for the velocity measurement teclmiques used in this study is:

Guidelines for Determining Design Basis Ground Motions, Report TR-I02293,

Electric Power Research Institute, Palo Alto, California, November 1993,

Sections 7 and 8.
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INSTRUMENTATION

Suspension Instrumentation

Suspension soil velocity measurements were performed in all borings using the PS suspension

logging system, manufactured by OYO Corporation, and their subsidiary, Robertson

Geologging. This system directly determines the average velocity of a 3.3-foot high segment of

the soil column surrounding the boring of interest by measuring the elapsed time between

arrivals of a wave propagating upward through the soil column. The receivers that detect the

wave, and the source that generates the wave, are moved as a unit in the boring producing

relatively constant amplitude signals at all depths.

The suspension system probe consists of a combined reversible polarity solenoid horizontal

shear-wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet,

allowing average wave velocity in the region between the receivers to be determined by

inversion of the wave travel time between the two receivers. The total length ofthe probe as used

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottom

end of the probe.

The probe receives control signals from, and sends the receiver signals to, instrumentation on the

surface via an armored 4 or 7 conductor cable. The cable is wound onto the drum of a winch and

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28

foot circumference sheave fitted with a digital rotary encoder.

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled

directly to the boring walls; rather, the source motion creates a horizontally propagating

impulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure

wave is converted to P and Swwaves in the surrounding soil and rock as it impinges upon the

wall of the boring. These waves propagate through the soil and rock surrounding the boring, in

turn causing a pressure wave to be generated in the fluid surrounding the receivers as the soil
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waves pass their location. Separation of the P and Swwaves at the receivers is performed using

the following steps:

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source,

maximizing the amplitude of the recorded SH -wave signals.

2. At each depth, Swwave signals are recorded with the source actuated in opposite

directions, producing Swwave signals of opposite polarity, providing a characteristic Sw

wave signature distinct from the P-wave signal.

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and

damp significantly before the slower Swwave signal arrives at the receiver. In saturated

soils, the received P-wave signal is typically of much higher frequency than the received

SH-wave signal, permitting additional separation of the two signals by low pass filtering.

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers

because the wavelength of the pressure pulse in fluid is significantly greater than the

dimension of the fluid annulus surrounding the probe, preventing significant energy

transmission through the fluid medium.

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:

1. The source is fired in one direction producing dominantly horizontal shear with some

vertical compression, and the signals from the horizontal receivers situated parallel to the

axis of motion of the source are recorded.

2. The source is fired again in the opposite direction and the horizontal receiver signals are

recorded.

3. The source is fired again and the vertical receiver signals are recorded. The repeated

source pattern facilitates the picking of the P and Swwave arrivals; reversal of the source

changes the polarity of the Swwave pattern but not the P-wave pattern.

The data from each receiver during each source activation is recorded as a different channel on

the recording system. The Suspension PS system has six channels (two simultaneous recording

channels), each with a 1024 sample record. The recorded data are displayed as six channels with

a common time scale. Data are stored on disk for further processing. Up to 8 sampling sequences

can be summed to improve the signal to noise ratio of the signals.
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Review of the displayed data on the recorder or computer screen allows the operator to set the

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize

the quality of the data before recording. Verification of the calibration of the Suspension PS

digital recorder is performed every twelve months using a NIST traceable frequency source and

counter, as outlined in Appendix B.

GEOVision Report 9375-01 rev a Page 9 of 72 November 11, 2009



rIUJt::Lll\lUIIIUt::1 UQ-IL.)

MEASUREMENT PROCEDURES

Suspension Measurement Procedures

Six 4 7/8-inch uncased borings filled with freshwater drilling mud were logged. Measurements

followed the GEO Vision Procedure for P-S Suspension Seismic Velocity Logging, revision 1.4.

Prior to each logging run, the probe was positioned with the top of the probe at the top of the

drilling mud tub, ground surface, or other stationary reference point. Subsequently, the electronic

depth counter was set to 8.2 feet, the distance between the mid-point of the receiver and the top

of the probe, minus the height of the stationary reference point, as verified with a tape measure,

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as

summarized in Table 2.

At each measurement depth the measurement sequence of two opposite horizontal records and

one vertical record was performed, and the gains were adjusted as required. The data from each

depth were viewed on the computer display, checked, and recorded on disk before moving to the

next depth.

Upon completion of the measurements, the probe zero depth indication at the stationary

reference point was verified and recorded on the field logs prior to removal from the boring.

Field data were backed up to USB flash drive each day upon completion of data acquisition.

DEPTH DEPTH TO
SAMPLEBORING TOOL AND RUN BOTTOM OF DATE

NUMBER NUMBER
RANGE

BORING
INTERVAL lOGGED(FEET)

(FEET) (FEET)

R-09-007 SUSPENSION PS 1 3.3 -136.2 150 1.6 10/19/2009

R-09-014 SUSPENSION PS 1 3.3 -118.1 165 1.6 10/20/2009

R-09-021 SUSPENSION PS 1 6.6 -154.2 170 1.6 10/21/2009

R-09-022 SUSPENSION PS 1 3.3 -162.4 175 1.6 11/02/2009

R-09-025 SUSPENSION PS 1 3.3 -160.8 175 1.6 11/05/2009

R-09-028 SUSPENSION PS 1 3.3 -162.4 175 1.6 11/06/2009

Table 2. Logging dates and depth ranges
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DATA ANALYSIS

Suspension Analysis

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms

were analyzed to locate the most prominent first minima, first maxima, or first break on the

vertical axis records, indicating the arrival ofP-wave energy. The difference in travel time

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate the P-wave velocity for

that 3.3-foot segment of the soil column. When observable, P-wave arrivals on the horizontal

axis records were used to verify the velocities determined from the vertical axis data. The time

picks were then transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the

velocity calculations based on the arrival time picks made in PSLOG.

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-R1) was also picked

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity

derived from the travel time between receivers. In this analysis, the depth values as recorded

were increased by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel

times were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting

0.35 milliseconds, the calculated and experimentally verified delay from source trigger pulse

(beginning of record) to source impact. This delay corresponds to the duration of acceleration of

the solenoid before impact.

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to

locate the presence of clear Swwave pulses, as indicated by the pres.ence of opposite polarity

pulses on each pair of horizontal records. Ideally, the Swwave signals from the 'normal' and

'reverse' source pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass

filtering can be used to remove the higher frequency P-wave signal from the Swwave signal.

Generally, the first maxima were picked for the 'normal' signals and the first minima for the

'reverse' signals, although other points on the waveform were used if the first pulse was distorted.

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds,

due to differences in the actuation time of the solenoid source caused by constant mechanical

bias in the source or by boring inclination. This variation does not affect the R1-R2 velocity
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determinations, as the differential time is measured between arrivals of waves created by the

same source actuation. The final velocity value is the average of the values obtained from the

'normal' and 'reverse' source actuations.

As with the P-wave data, Swwave velocity calculated from the travel time over the 6.33-foot

interval from source to receiver 1 was calculated and plotted for verification of the velocity

derived from the travel time between receivers. In this analysis, the depth values were increased

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel times were

obtained by picking the first break of the Swwave signal at the near receiver and subtracting

0.35 milliseconds, the calculated and experimentally verified delay from the beginning of the

record at the source trigger pulse to source impact.

These data and analysis were reviewed by Robert Steller as a component of GEOVision's in

house QA-QC program.

Figure 2 shows an example of R1 - R2 measurements on a sample filtered suspension record. In

Figure 2, the time difference over the 3.3-foot interval of 1.88 milliseconds for the horizontal

signals is equivalent to an Swwave velocity of 1745 feet/second. Whenever possible, time

differences were determined from several phase points on the Swwaveform records to verify the

data obtained from the first arrival of the Swwave pulse. Figure 3 displays the same record

before filtering of the Swwaveform record with a 1400 Hz FFT - IFFT digital lowpass filter,

illustrating the presence of higher frequency P-wave energy at the beginning of the record, and

distortion of the lower frequency Swwave by residual P-wave signal.
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RESULTS

Suspension Results..

Suspension RI-R2 P- and Swwave velocities are plotted in Figures 4, 5, 6, 7, 8, and 9. The

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8,

respectively. These plots and data are included in the EXCEL analysis files transmitted

separately.

p, and Swwave velocity data from RI-R2 analysis and quality assurance analysis of S-RI data

are plotted together in Figures A-I through A-6 to aid in visual comparison. It should be noted

that RI-R2 data are an average velocity over a 3.3-foot segment of the soil column; S-RI data

are an average over 6.33 feet, creating a significant smoothing relative to the RI-R2 plots. S-RI

data are presented in Tables A-I through A-6, and included in the EXCEL analysis files.

Calibration procedures and records for the suspension PS measurement system are presented in

Appendix B.
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SUMMARY

Discussion of Suspension Results

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with

rotary mud (rotary wash) methods, as were these borings. Thus data collected in these uncased

borings was of very good quality.

Suspension PS velocity data quality is judged based upon 5 criteria:

1. Consistent data between receiver to receiver (Rl - R2) and source to receiver (S - Rl)

data.

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated

soils)

3. Consistency between data from adjacent depth intervals.

4. Clarity ofP-wave and Swwave onset, as well as damping of later oscillations.

5. Consistency of profile between adjacent borings, if available.

These data show good correlation between Rl - R2 and S - Rl. Additionally, there is a good

correlation between P-wave and Swwave velocities, as both show similar velocity inflections.

Data from adjacent depth intervals are generally similar. P-wave and Swwave onsets are clear

and later oscillations are well damped.

Velocity profiles between borings in the study area are generally similar. All borings exhibit Sw

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over

1,000 fps at depth. All borings show an increase to water velocities"in the P-wave profiles at 10

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a similar

decrease in P-wave velocity at approximately 45 - 55 feet bgs which typically indicates an

organic-rich zone.
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Quality Assurance

These boring geophysical measurements were performed using industry-standard or better

methods for measurements and analyses. All work was performed under GEO Vision quality

assurance procedures, which include:

• Use of NIST-traceable calibrations, where applicable, for field and laboratory

instrumentation

• Use of standard field data logs

• Use of independent verification of velocity data by comparison of receiver-to-receiver and

source-to-receiver velocities

• Independent review of calculations and results by a registered professional engmeer,

geologist, or geophysicist.

Suspension Data Reliability

p, and Swwave velocity measurement using the Suspension Method gives average velocities

over a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the

graphs. In uncased borings, individual measurements are very reliable, with estimated precision

of +/- 5%. Standardized field procedures and quality assurance checks contribute to the

reliability of the data.
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Diskette
CDR, or USB
Flash drive
with Data

OYO PS-170 or
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Logger/Recorder

Overall Length - 25 ft

4 or 7-Conductor cable

+----f~"-:"'--- Weight
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Figure 1: Concept illustration of P-S logging system
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Figure 2: Example offiltered (1400 Hz lowpass) record
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Figure 3. Example of unfiltered record
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Figure 4: Boring R-09-007, Suspension R1-R2 P- and Swwave velocities
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ftIs) (ftIs)

3.3 730 1470 0.34

4.9 510 1560 0.44

6.6 310 1810 0.49

8.2 220 2450 0.50

9.8 270 4760 0.50

11.5 320 4630 0.50

13.1 390 4690 0.50

14.8 450 4900 0.50

1604 510 4980 0.49

18.0 480 5380 0.50

19.7 390 5330 0.50

21.3 410 5250 0.50

23.0 490 5210 0.50

24.6 500 5330 0.50

26.3 520 5380 0.50

27.9 540 5330 0.49

29.5 510 5250 0.50

31.2 560 5130 0.49

32.8 610 5090 0.49

34.5 540 5050 0049

36.1 490 5050 0.50

37.7 520 4980 0.49

3904 520 5010 0049

41.0 540 4940 0.49

42.7 580 4900 0049

44.3 630 4390 0.49

45.9 600 4220 0049

47.6 530 4500 0049

49.2 500 4570 0049

50.9 580 4360 0.49

52.5 620 4360 0.49

54.1 660 4220 0.49

55.8 670 5130 0.49

5704 610 5130 0049

59.1 630 5170 0049

60.7 690 5130 0049

62.3 700 5130 0.49

64.0 720 5130 0.49

65.6 680 5050 0.49

67.3 740 5290 0.49

68.9 740 5210 0049

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

1.0 220 450 0.34

1.5 150 470 0.44

2.0 90 550 0.49

2.5 70 750 0.50

3.0 80 1450 0.50

3.5 100 1410 0.50

4.0 120 1430 0.50

4.5 140 1490 0.50

5.0 150 1520 0.49

5.5 150 1640 0.50

6.0 120 1630 0.50

6.5 120 1600 0.50

7.0 150 1590 0.50

7.5 150 1630 0.50

8.0 160 1640 0.50

8.5 160 1630 0.49

9.0 160 1600 0.50

9.5 170 1560 0.49

10.0 190 1550 0.49

10.5 170 1540 0.49

11.0 150 1540 0.50

11.5 160 1520 0.49

12.0 160 1530 0.49

12.5 160 1510 0.49

13.0 180 1490 0.49

13.5 190 1340 0.49

14.0 180 1290 0.49

14.5 160 1370 0.49

15.0 150 1390 0.49

15.5 180 1330 0.49

16.0 190 1330 0.49

16.5 200 1290 0.49

17.0 200 1560 0.49

17.5 190 1560 0.49

18.0 190 1580 0.49

18.5 210 1560 0.49

19.0 210 1560 0.49

19.5 220 1560 0.49

20.0 210 1540 0.49

20.5 220 1610 0.49

21.0 220 1590 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs V Ratio

(ft) (tus) (tus)

70.5 670 5130 0.49

72.2 720 5290 0.49

73.8 810 5330 0.49

75.5 710 5750 0.49

77.1 740 5700 0.49

78.7 740 5600 0.49

80,4 740 5420 0.49

82.0 780 5330 0.49

83.7 770 5560 0.49

85.3 770 5460 0.49

86.9 780 5510 0.49

88.6 770 5460 0.49

90.2 730 5420 0.49

91.9 720 5460 0.49

93.5 780 5700 0.49

95.1 770 5850 0.49

96.8 800 5800 0.49

98,4 950 5950 0.49

100.1 920 5900 0.49

101.7 920 5750 0.49

103.4 950 5700 0.49

105.0 940 5700 0.49

106.6 930 5750 0.49

108.3 910 5700 0.49

109.9 910 5850 0.49

111.6 840 6010 0.49

113.2 860 5900 0.49

114.8 960 5800 0.49

116.5 970 5700 0.49

118.1 970 5650 0.48

119.8 970 5560 0.48

121.4 1010 5700 0.48

123.0 1040 5700 0.48

124.7 1010 5700 0.48

126.3 1010 5750 0.48

128.0 1050 5950 0.48

129.6 1060 6230 0.48

131.2 1120 6170 0.48

132.9 1100 6410 0.48

134.5 1050 6350 0.49

136.2 1080 6540 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

21.5 200 1560 0.49

22.0 220 1610 0.49

22.5 250 1630 0.49

23.0 220 1750 0.49

23.5 230 1740 0.49

24.0 230 1710 0.49

24.5 230 1650 0.49

25.0 240 1630 0.49

25.5 230 1690 0.49

26.0 230 1670 0.49

26.5 240 1680 0.49

27.0 230 1670 0.49

27.5 220 1650 0.49

28.0 220 1670 0.49

28.5 240 1740 0.49

29.0 230 1780 0.49

29.5 240 1770 0.49

30.0 290 1810 0.49

30.5 280 1800 0.49

31.0 280 1750 0.49

31.5 290 1740 0.49

32.0 290 1740 0.49

32.5 280 1750 0.49

33.0 280 1740 0.49

33.5 280 1780 0.49

34.0 260 1830 0.49

34.5 260 1800 0.49

35.0 290 1770 0.49

35.5 290 1740 0.49

36.0 300 1720 0.48

36.5 300 1690 0.48

37.0 310 1740 0.48

37.5 320 1740 0.48

38.0 310 1740 0.48

38.5 310 1750 0.48

39.0 320 1810 0,48

39.5 320 1900 0.48

40.0 340 1880 0.48

40.5 340 1950 0,48

41.0 320 1940 0.49

41.5 330 1990 0.49

GEOVision Report9375-01 rev a Page 21 of 72 November 11, 2009



r I UJt:;L.l 1'1,1 UIIIUt::1 uu- I £.J

SCHUYLER HElM BRIDGE BORING R-Q9-Q14
Receiver to Receiver Vs and Vp Analysis

o

20

40

60g
::E:

~
Q 80

100

120

~ ji

.111 ,Ai - r---. -i -
~ rt-

!!l!I;
~ ....

---ill- Near-Far Receivers, Vs m~
--m-- Near-Far Receivers, Vp

l
II

~
i:l:::

I-- t WI
I-- iii!<~

~

~~ i'-J

r-. IlII
II hill

~ 1\
J...

I_II
I p

~
~ ~
j 1-~

lIl
rm

140
e 1000 2000 3000 4000 5000

VELOCITY (ftls)
6000 7000

Figure 5: Boring R-09-014, Suspension R1-R2 P- and SH-wave velocities
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (fUs) (fUs)

3.3 330 2350 0.49

4.9 560 2310 0.47

6.6 500 2980 0.49

8.2 280 5750 0.50

9.8 320 6060 0.50

11.5 330 4220 0.50

13.1 350 4760 0.50

14.8 370 5380 0.50

16.4 370 4900 0.50

18.0 420 5050 0.50

19.7 430 5290 0.50

21.3 400 5050 0.50

23.0 410 4980 0.50

24.6 450 5290 0.50

26.3 500 5380 0.50

27.9 530 5380 0.50

29.5 500 5380 0.50

31.2 520 5290 0.50

32.8 600 5380 0.49

34.5 630 5290 0.49

36.1 480 5130 0.50

37.7 460 4570 0.49

39.4 530 5290 0.49

41.0 540 5380 0.49

42.7 640 5290 0.49

44.3 670 5210 0.49

45.9 560 4980 0.49

47.6 520 4070 0.49

49.2 480 3470 0.49

50.9 510 4440 0.49

52.5 630 5380 0.49

54.1 650 5210 0.49

55.8 630 4830 0.49

57.4 650 4980 0.49

59.1 690 5380 0.49

61.0 670 5210 0.49

62.3 680 5290 0.49

64.0 720 5460 0.49

65.6 710 5290 0.49

67.3 730 5290 0.49

68.9 720 5460 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

1.0 100 720 0.49

1.5 170 710 0.47

2.0 150 910 0.49

2.5 90 1750 0.50

3.0 100 1850 0.50

3.5 100 1290 0.50

4.0 110 1450 0.50

4.5 110 1640 0.50

5.0 110 1490 0.50

5.5 130 1540 0.50

6.0 130 1610 0.50

6.5 120 1540 0.50

7.0 130 1520 0.50

7.5 140 1610 0.50

8.0 150 1640 0.50

8.5 160 1640 0.50

9.0 150 1640 0.50

9.5 160 1610 0.50

10.0 180 1640 0.49

10.5 190 1610 0.49

11.0 150 1560 0.50

11.5 140 1390 0.49

12.0 160 1610 0.49

12.5 160 1640 0.49

13.0 200 1610 0.49

13.5 200 1590 0.49

14.0 170 1520 0.49

14.5 160 1240 0.49

15.0 150 1060 0.49

15.5 160 1350 0.49

16.0 190 1640 0.49

16.5 200 1590 0.49

17.0 190 1470 0.49

17.5 200 1520 0.49

18.0 210 1640 0.49

18.6 200 1590 0.49

19.0 210 1610 0.49

19.5 220 1670 0.49

20.0 220 1610 0.49

20.5 220 1610 0.49

21.0 220 1670 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (ft/s) (ft/s)

70.5 700 5460 0.49

72.2 750 5460 0.49

73.8 850 5560 0.49

75.5 870 5750 0.49

77.1 840 5750 0.49

78.7 800 5700 0.49

80.4 820 5700 0.49

82.0 870 5800 0.49

83.7 900 5800 0.49

85.3 920 5850 0.49

86.9 940 5800 0.49

88.6 920 5850 0.49

90.2 900 5850 0.49

91.9 890 5900 0.49

93.8 900 6010 0.49

95.1 870 5950 0.49

96.8 900 5950 0.49

98.4 940 6010 0.49

100.4 950 6010 0.49

101.7 970 5900 0.49

103.4 960 5850 0.49

105.0 990 6010 0.49

106.6 900 5950 0.49

108.3 860 5850 0.49

109.9 910 6010 0.49

111.6 1000 6010 0.49

113.2 960 6120 0.49

114.8 910 5900 0.49

116.5 980 5950 0.49

118.1 980 6060 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

21.5 210 1670 0.49

22.0 230 1670 0.49

22.5 260 1690 0.49

23.0 270 1750 0.49

23.5 260 1750 0.49

24.0 240 1740 0.49

24.5 250 1740 0.49

25.0 260 1770 0.49

25.5 270 1770 0.49

26.0 280 1780 0.49

26.5 290 1770 0.49

27.0 280 1780 0.49

27.5 280 1780 0.49

28.0 270 1800 0.49

28.6 270 1830 0.49

29.0 270 1810 0.49

29.5 270 1810 0.49

30.0 290 1830 0.49

30.6 290 1830 0.49

31.0 300 1800 0.49

31.5 290 1780 0.49

32.0 300 1830 0.49

32.5 280 1810 0.49

33.0 260 1780 0.49

33.5 280 1830 0.49

34.0 300 1830 0.49

34.5 290 1860 0.49

35.0 280 1800 0.49

35.5 300 1810 0.49

36.0 300 1850 0.49
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Figure 6: Boring R-09-021, Suspension R1-R2 P- and Swwave velocities
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and SH-wave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ftIs) (ftls)

6.6 410 3580 0.49

8.2 420 3750 0.49

9.8 410 3920 0.49

10.8 400 4270 0.50

13.1 600 4330 0.49

14.8 760 4390 0.48

16.4 650 4170 0.49

18.0 590 4900 0.49

19.7 520 4760 0.49

21.3 410 4630 0.50

23.0 420 4980 0.50

24.6 500 5050 0.49

26.3 510 5130 0.50

27.9 490 5210 0.50

29.5 580 5330 0.49

31.2 600 5250 0.49

32.8 550 5170 0.49

34.5 570 5250 0.49

36.1 580 5380 0.49

37.7 640 5460 0.49

39.4 650 5330 0.49

41.0 580 5290 0.49

42.7 620 5420 0.49

44.3 650 5330 0.49

45.9 520 5210 0.49

47.6 480 5210 0.50

49.2 580 5290 0.49

50.9 650 5380 0.49

52.5 720 5380 0.49

54.1 700 5290 0.49

55.8 550 5250 0.49

57.4 570 5380 0.49

59.1 740 5560 0.49

60.7 780 5650 0.49

62.3 820 5650 0.49

64.0 780 5560 0.49

65.6 750 5420 0.49

67.3 770 5460 0.49

68.9 780 5650 0.49

70.5 720 5560 0.49

72.2 670 5380 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

2.0 130 1090 0.49

2.5 130 1140 0.49

3.0 120 1200 0.49

3.3 120 1300 0.50

4.0 180 1320 0.49

4.5 230 1340 0.48

5.0 200 1270 0.49

5.5 180 1490 0.49

6.0 160 1450 0.49

6.5 120 1410 0.50

7.0 130 1520 0.50

7.5 150 1540 0.49

8.0 150 1560 0.50

8.5 150 1590 0.50

9.0 180 1630 0.49

9.5 180 1600 0.49

10.0 170 1580 0.49

10.5 180 1600 0.49

11.0 180 1640 0.49

11.5 200 1670 0.49

12.0 200 1630 0.49

12.5 180 1610 0.49

13.0 190 1650 0.49

13.5 200 1630 0.49

14.0 160 1590 0.49

14.5 150 1590 0.50

15.0 180 1610 0.49

15.5 200 1640 0.49

16.0 220 1640 0.49

16.5 210 1610 0.49

17.0 170 1600 0.49

17.5 170 1640 0.49

18.0 230 1690 0.49

18.5 240 1720 0.49

19.0 250 1720 0.49

19.5 240 1690 0.49

20.0 230 1650 0.49

20.5 230 1670 0.49

21.0 240 1720 0.49

21.5 220 1690 0.49

22.0 210 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ft/s) (ills)

73.8 710 5420 0.49

75.5 750 5460 0.49

77.1 740 5510 0.49

78.7 770 5560 0.49

80.4 800 5510 0.49

82.0 840 5510 0.49

83.7 880 5560 0.49

85.3 850 5510 0.49

86.9 860 5510 0.49

88.6 910 5650 0.49

90.2 910 5750 0.49

91.9 930 5750 0.49

93.5 970 5800 0.49

95.1 970 5800 0.49

96.8 1000 5850 0.48

98.4 1030 5850 0.48

100.1 990 5850 0.49

101.7 990 5850 0.49

103.4 1020 5950 0.48

105.0 1040 5950 0.48

106.6 1040 5950 0.48

108.3 1050 5950 0.48

109.9 1030 5950 0.48

111.6 1030 6060 0.49

113.2 1050 6170 0.49

115.2 1080 5950 0.48

116.5 1070 5950 0.48

118.1 1080 6060 0.48

119.8 1080 5950 0.48

121.4 1080 6170 0.48

123.0 1100 6060 0.48

124.7 1180 6410 0.48

126.3 1120 6230 0.48

128.0 1110 6060 0.48

129.6 1090 5950 0.48

131.2 1030 6060 0.49

132.9 1130 6350 0.48

134.5 1180 6410 0.48

136.2 1140 6540 0.48

137.8 1150 6410 0.48

139.4 1150 6410 0.48

141.1 1190 6410 0.48

142.7 1260 6730 0.48

144.7 1230 6670 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

22.5 220 1650 0.49

23.0 230 1670 0.49

23.5 230 1680 0.49

24.0 230 1690 0.49

24.5 240 1680 0.49

25.0 260 1680 0.49

25.5 270 1690 0.49

26.0 260 1680 0.49

26.5 260 1680 0.49

27.0 280 1720 0.49

27.5 280 1750 0.49

28.0 280 1750 0.49

28.5 290 1770 0.49

29.0 300 1770 0.49

29.5 310 1780 0.48

30.0 310 1780 0.48

30.5 300 1780 0.49

31.0 300 1780 0.49

31.5 310 1810 0.48

32.0 320 1810 0.48

32.5 320 1810 0.48

33.0 320 1810 0.48

33.5 310 1810 0.48

34.0 310 1850 0.49

34.5 320 1880 0.49

35.1 330 1810 0.48

35.5 330 1810 0.48

36.0 330 1850 0.48

36.5 330 1810 0.48

37.0 330 1880 0.48

37.5 340 1850 0.48

38.0 360 1950 0.48

38.5 340 1900 0.48

39.0 340 1850 0.48

39.5 330 1810 0.48

40.0 310 1850 0.49

40.5 340 1940 0.48

41.0 360 1950 0.48

41.5 350 1990 0.48

42.0 350 1950 0.48

42.5 350 1950 0.48

43.0 360 1950 0.48

43.5 380 2050 0.48

44.1 370 2030 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ft/s) (ft/s)

146.0 1180 6600 0.48

148.0 1280 6730 0.48

149.3 1290 6730 0.48

150.9 1280 6730 0.48

152.6 1340 6670 0.48

154.2 1330 6730 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

44.5 360 2010 0.48

45.1 390 2050 0.48

45.5 390 2050 0.48

46.0 390 2050 0.48

46.5 410 2030 0.48

47.0 400 2050 0.48

GEOVision Report 9375-01 rev a Page 28 of 72 Novem ber 11, 2009
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Figure 7: Boring R-09-022, Suspension R1-R2 P- and Swwave velocities
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) Iftls) (ftls!

3.3 440 1720 0.47

4.9 500 2490 0.48

6.6 250 5050 0.50

8.2 210 5560 0.50

10.2 290 2870 0.49

11.5 260 2980 0.50

13.1 310 5050 0.50

14.8 290 5380 0.50

16.4 410 4900 0.50

18.0 400 5050 0.50

19.7 520 5380 0.50

21.3 570 5210 0.49

23.0 600 5130 0.49

24.6 650 5290 0.49

26.3 580 5050 0.49

27.9 610 4980 0.49

29.5 690 5010 0.49

31.2 680 5250 0.49

32.8 700 5290 0.49

34.1 780 5210 0.49

36.1 640 5210 0.49

37.7 570 5090 0.49

39.4 550 5130 0.49

41.0 550 5460 0.49

42.7 660 5210 0.49

44.3 650 5420 0.49

45.9 550 4570 0.49

47.6 590 4870 0.49

49.2 560 5130 0.49

50.9 580 5560 0.49

52.5 650 5380 0.49

53.5 690 5380 0.49

55.8 730 5420 0.49

57.4 760 5380 0.49

59.1 680 5210 0.49

60.7 610 5210 0.49

62.3 670 5330 0.49

64.0 820 4940 0.49

65.6 740 5460 0.49

67.3 700 5290 0.49

68.9 720 5380 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (mrs) (m/s)

1.0 130 520 0.47

1.5 150 760 0.48

2.0 80 1540 0.50

2.5 60 1690 0.50

3.1 90 880 0.49

3.5 80 910 0.50

4.0 90 1540 0.50

4.5 90 1640 0.50

5.0 130 1490 0.50

5.5 120 1540 0.50

6.0 160 1640 0.50

6.5 180 1590 0.49

7.0 180 1560 0.49

7.5 200 1610 0.49

8.0 180 1540 0.49

8.5 190 1520 0.49

9.0 210 1530 0.49

9.5 210 1600 0.49

10.0 210 1610 0.49

10.4 240 1590 0.49

11.0 200 1590 0.49

11.5 170 1550 0.49

12.0 170 1560 0.49

12.5 170 1670 0.49

13.0 200 1590 0.49

13.5 200 1650 0.49

14.0 170 1390 0.49

14.5 180 1480 0.49

15.0 170 1560 0.49

15.5 180 1690 0.49

16.0 200 1640 0.49

16.3 210 1640 0.49

17.0 220 1650 0.49

17.5 230 1640 0.49

18.0 210 1590 0.49

18.5 180 1590 0.49

19.0 200 1630 0.49

19.5 250 1510 0.49

20.0 220 1670 0.49

20.5 210 1610 0.49

21.0 220 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(tt) (ft/s) (ft/s)

70.5 740 5420 0.49

72.2 830 5250 0.49

73.8 780 5130 0.49

75.5 740 5210 0.49

77.1 800 5130 0.49

78.7 840 5250 0.49

80.4 890 5210 0.48

82.0 960 5380 0.48

83.7 980 5380 0.48

85.3 940 5460 0.48

86.9 970 5420 0.48

88.6 1040 5650 0.48

90.2 1050 5560 0.48

91.9 1000 5650 0.48

93.5 1040 5560 0.48

95.1 1100 5600 0.48

96.1 1040 5600 0.48

98.4 1030 5750 0.48

100.1 1020 5700 0.48

101.7 1110 5950 0.48

103.4 1100 5900 0.48

105.0 1150 5950 0.48

106.6 1080 5850 0.48

108.3 1080 5800 0.48

109.9 1100 6010 0.48

111.6 1250 6670 0.48

113.2 1340 6470 0.48

114.8 1200 6540 0.48

116.5 1090 6290 0.48

118.4 1110 5850 0.48

119.8 1130 5950 0.48

121.4 1190 5850 0.48

123.4 1280 6060 0.48

124.7 1310 6290 0.48

126.3 1290 6410 0.48

128.0 1310 6350 0.48

129.6 1240 5950 0.48

131.2 1160 5800 0.48

132.9 1160 5800 0.48

134.5 1170 5850 0.48

136.2 1170 5850 0.48

137.8 1350 6410 0.48

139.4 1470 6800 0.48

141.4 1450 6800 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers VS VD Ratio

(m) (m/s) (m/s)

21.5 230 1650 0.49

22.0 250 1600 0.49

22.5 240 1560 0.49

23.0 230 1590 0.49

23.5 240 1560 0.49

24.0 250 1600 0.49

24.5 270 1590 0.48

25.0 290 1640 0.48

25.5 300 1640 0.48

26.0 290 1670 0.48

26.5 290 1650 0.48

27.0 320 1720 0.48

27.5 320 1690 0.48

28.0 310 1720 0.48

28.5 320 1690 0.48

29.0 340 1710 0.48

29.3 320 1710 0.48

30.0 310 1750 0.48

30.5 310 1740 0.48

31.0 340 1810 0.48

31.5 340 1800 0.48

32.0 350 1810 0.48

32.5 330 1780 0.48

33.0 330 1770 0.48

33.5 330 1830 0.48

34.0 380 2030 0.48

34.5 410 1970 0.48

35.0 370 1990 0.48

35.5 330 1920 0.48

36.1 340 1780 0.48

36.5 340 1810 0.48

37.0 360 1780 0.48

37.6 390 1850 0.48

38.0 400 1920 0.48

38.5 390 1950 0.48

39.0 400 1940 0.48

39.5 380 1810 0.48

40.0 350 1770 0.48

40.5 350 1770 0.48

41.0 360 1780 0.48

41.5 360 1780 0.48

42.0 410 1950 0.48

42.5 450 2070 0.48

43.1 440 2070 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(tt) (ftls) (ftls)

142.7 1520 6670 0.47

144.4 1340 6730 0.48

146.0 1270 6470 0.48

147.6 1250 6230 0.48

149.3 1350 6170 0.47

150.9 1390 6410 0.48

152.6 1270 6410 0.48

154.2 1310 6350 0.48

155.8 1340 6670 0.48

157.5 1560 7580 0.48

159.1 1470 6800 0.48

160.8 1290 6010 0.48

162.4 1310 5900 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

43.5 460 2030 0.47

44.0 410 2050 0.48

44.5 390 1970 0.48

45.0 380 1900 0.48

45.5 410 1880 0.47

46.0 430 1950 0.48

46.5 390 1950 0.48

47.0 400 1940 0.48

47.5 410 2030 0.48

48.0 470 2310 0.48

48.5 450 2070 0.48

49.0 390 1830 0.48

49.5 400 1800 0.47
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SCHUYLER HElM BRIDGE BORING R-09-o25
Receiver to Receiver Vs and Vp Analysis
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Figure 8: Boring R-09-025, Suspension R1-R2 P- and Swwave velocities
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (Ns) INs)

3.3 510 2140 0.47

4.9 370 2690 0.49

6.6 330 2450 0.49

8.2 410 2600 0.49

9.8 380 4470 0.50

11.5 340 4300 0.50

13.1 400 4360 0.50

14.8 390 5560 0.50

16.4 430 5460 0.50

18.0 540 5130 0.49

19.7 560 5210 0.49

21.3 460 5090 0.50

23.0 470 5330 0.50

24.6 510 5170 0.50

26.3 550 5010 0.49

27.9 620 5380 0.49

29.5 650 5420 0.49

31.2 550 5250 0.49

32.8 500 5330 0.50

34.5 550 5250 0.49

36.1 580 5290 0.49

37.7 590 5210 0.49

39.4 550 5050 0.49

41.0 530 5170 0.49

42.7 610 5330 0.49

44.3 610 5170 0.49

45.9 540 5210 0.49

47.6 530 5170 0.49

49.2 530 5210 0.49

50.9 630 5170 0.49

52.5 700 5330 0.49

54.1 730 5380 0.49

55.8 720 5170 0.49

57.4 750 5170 0.49

59.1 680 5170 0.49

60.7 630 5210 0.49

62.3 720 5290 0.49

64.0 750 5380 0.49

65.6 730 5380 0.49

67.3 730 5330 0.49

68.9 740 5290 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

1.0 150 650 0.47

1.5 110 820 0.49

2.0 100 750 0.49

2.5 130 790 0.49

3.0 120 1360 0.50

3.5 100 1310 0.50

4.0 120 1330 0.50

4.5 120 1690 0.50

5.0 130 1670 0.50

5.5 170 1560 0.49

6.0 170 1590 0.49

6.5 140 1550 0.50

7.0 140 1630 0.50

7.5 160 1580 0.50

8.0 170 1530 0.49

8.5 190 1640 0.49

9.0 200 1650 0.49

9.5 170 1600 0.49

10.0 150 1630 0.50

10.5 170 1600 0.49

11.0 180 1610 0.49

11.5 180 1590 0.49

12.0 170 1540 0.49

12.5 160 1580 0.49

13.0 190 1630 0.49

13.5 190 1580 0.49

14.0 170 1590 0.49

14.5 160 1580 0.49

15.0 160 1590 0.49

15.5 190 1580 0.49

16.0 210 1630 0.49

16.5 220 1640 0.49

17.0 220 1580 0.49

17.5 230 1580 0.49

18.0 210 1580 0.49

18.5 190 1590 0.49

19.0 220 1610 0.49

19.5 230 1640 0.49

20.0 220 1640 0.49

20.5 220 1630 0.49

21.0 220 1610 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(tt) (ftfs) (ftfs)

70.5 730 5090 0.49

72.2 760 5050 0.49

73.2 760 5130 0.49

75.5 740 5210 0.49

77.1 740 5170 0.49

78.7 770 5170 0.49

80.4 800 5250 0.49

82.0 840 5250 0.49

83.7 860 5380 0.49

85.3 890 5510 0.49

86.9 940 5750 0.49

88.6 1010 5650 0.48

90.2 1000 5700 0.48

91.9 1090 5700 0.48

93.5 1060 5800 0.48

95.1 1040 5800 0.48

96.8 1060 5850 0.48

98.4 1060 5800 0.48

100.1 1080 5850 0.48

101.7 1060 5850 0.48

103.4 1120 5850 0.48

105.0 1130 5950 0.48

106.6 1250 6060 0.48

108.3 1180 5950 0.48

109.9 1100 5900 0.48

111.6 1120 5950 0.48

113.2 1170 6060 0.48

114.8 1230 6170 0.48

116.5 1210 6060 0.48

118.1 1130 5900 0.48

119.8 1140 5850 0.48

121.4 1160 5900 0.48

123.0 1240 6060 0.48

124.7 1350 6290 0.48

126.3 1360 6410 0.48

128.0 1360 6230 0.47

129.6 1230 6060 0.48

131.2 1220 6120 0.48

132.9 1320 6230 0.48

134.5 1260 6800 0.48

136.2 1350 6940 0.48

137.8 1240 6540 0.48

139.4 1180 6290 0.48

141.1 1170 6290 0.48

Metric Units

Depth at Velocity

Midpoint Between p Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

21.5 220 1550 0.49

22.0 230 1540 0.49

22.3 230 1560 0.49

23.0 230 1590 0.49

23.5 220 1580 0.49

24.0 230 1580 0.49

24.5 240 1600 0.49

25.0 260 1600 0.49

25.5 260 1640 0.49

26.0 270 1680 0.49

26.5 290 1750 0.49

27.0 310 1720 0.48

27.5 310 1740 0.48

28.0 330 1740 0.48

28.5 320 1770 0.48

29.0 320 1770 0.48

29.5 320 1780 0.48

30.0 320 1770 0.48

30.5 330 1780 0.48

31.0 320 1780 0.48

31.5 340 1780 0.48

32.0 340 1810 0.48

32.5 380 1850 0.48

33.0 360 1810 0.48

33.5 340 1800 0.48

34.0 340 1810 0.48

34.5 360 1850 0.48

35.0 380 1880 0.48

35.5 370 1850 0.48

36.0 350 1800 0.48

36.5 350 1780 0.48

37.0 350 1800 0.48

37.5 380 1850 0.48

38.0 410 1920 0.48

38.5 410 1950 0.48

39.0 410 1900 0.47

39.5 370 1850 0.48

40.0 370 1860 0.48

40.5 400 1900 0.48

41.0 380 2070 0.48

41.5 410 2120 0.48

42.0 380 1990 0.48

42.5 360 1920 0.48

43.0 360 1920 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ft/5) (ft/s)

142.7 1280 6540 0.48

144.4 1370 6470 0.48

146.0 1310 6350 0.48

147.6 1440 6800 0.48

149.3 1720 7170 0.47

150.9 1640 6940 0.47

152.6 1680 6870 0.47

154.2 1650 6470 0.47

155.8 1430 5950 0.47

157.5 1320 5600 0.47

159.1 1320 5510 0.47

160.8 1270 5560 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

43.5 390 1990 0.48

44.0 420 1970 0.48

44.5 400 1940 0.48

45.0 440 2070 0.48

45.5 520 2180 0.47

46.0 500 2120 0.47

46.5 510 2090 0.47

47.0 500 1970 0.47

47.5 440 1810 0.47

48.0 400 1710 0.47

48.5 400 1680 0.47

49.0 390 1690 0.47
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SCHUYLER HElM BRIDGE BORING R-D9-Q28
Receiver to Receiver VI and Vp Analysis
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Figure 9: Boring R-09-028, Suspension R1-R2 P- and Swwave velocities
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (fUs! (fUs)

3.3 330 2470 0.49

4.9 290 2310 0.49

6.6 300 2300 0.49

8.2 460 2640 0.48

9.8 310 3130 0.49

11.5 340 4250 0.50

13.1 400 3940 0.49

14.8 430 5090 0.50

16.4 410 4760 0.50

18.0 440 4500 0.50

19.7 500 4940 0.49

21.3 540 4090 0.49

23.0 660 3790 0.48

24.6 550 4830 0.49

26.3 500 4870 0.49

27.9 580 5010 0.49

29.5 630 5130 0.49

31.2 710 5330 0.49

32.8 770 4830 0.49

34.5 660 5050 0.49

36.1 510 4870 0.49

37.7 520 4940 0.49

39.4 560 5050 0.49

41.0 610 4830 0.49

42.7 740 4980 0.49

44.3 660 5010 0.49

45.9 580 5010 0.49

47.6 630 5210 0.49

49.2 670 5250 0.49

50.9 670 5210 0.49

52.5 740 5130 0.49

54.1 760 5210 0.49

55.8 790 5250 0.49

57.4 810 5250 0.49

59.1 790 5210 0.49

60.7 790 5250 0.49

62.3 850 5330 0.49

64.0 910 5380 0.49

65.6 870 5330 0.49

67.3 910 5420 0.49

68.9 870 5330 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(rm (m/s! (rn/s)

1.0 100 750 0.49

1.5 90 710 0.49

2.0 90 700 0.49

2.5 140 800 0.48

3.0 100 950 0.49

3.5 100 1290 0.50

4.0 120 1200 0.49

4.5 130 1550 0.50

5.0 130 1450 0.50

5.5 130 1370 0.50

6.0 150 1510 0.49

6.5 170 1250 0.49

7.0 200 1150 0.48

7.5 170 1470 0.49

8.0 150 1480 0.49

8.5 180 1530 0.49

9.0 190 1560 0.49

9.5 220 1630 0.49

10.0 230 1470 0.49

10.5 200 1540 0.49

11.0 160 1480 0.49

11.5 160 1510 0.49

12.0 170 1540 0.49

12.5 190 1470 0.49

13.0 230 1520 0.49

13.5 200 1530 0.49

14.0 180 1530 0.49

14.5 190 1590 0.49

15.0 200 1600 0.49

15.5 200 1590 0.49

16.0 230 1560 0.49

16.5 230 1590 0.49

17.0 240 1600 0.49

17.5 250 1600 0.49

18.0 240 1590 0.49

18.5 240 1600 0.49

19.0 260 1630 0.49

19.5 280 1640 0.49

20.0 270 1630 0.49

20.5 280 1650 0.49

21.0 270 1630 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ftIs) (ftIs)

70.5 860 5330 0.49

72.2 850 5330 0.49

73.8 890 5460 0.49

75.5 960 5460 0.48

77.1 900 5380 0.49

78.7 890 5560 0.49

80.4 870 5460 0.49

82.0 780 5330 0.49

83.7 790 5330 0.49

85.3 720 5290 0.49

86.9 680 5250 0.49

88.6 760 5420 0.49

90.2 930 5560 0.49

91.9 1080 5800 0.48

93.5 1150 5950 0.48

95.1 1160 5900 0.48

96.8 1040 5600 0.48

98.4 920 5460 0.49

100.1 990 5700 0.48

101.7 1080 6010 0.48

103.4 1080 5900 0.48

105.0 1120 5950 0.48

106.6 1050 5900 0.48

108.3 1050 5850 0.48

109.9 1020 5850 0.48

111.6 1050 5850 0.48

113.2 1090 5900 0.48

114.8 1110 5900 0.48

116.5 1110 5900 0.48

118.1 1060 5850 0.48

119.8 1040 5800 0.48

121.4 1050 5850 0.48

123.0 1010 5850 0.48

124.7 1080 5950 0.48

126.3 1190 6120 0.48

128.0 1090 6230 0.48

129.6 1110 6470 0.48

131.2 1330 6600 0.48

133.2 1420 6600 0.48

134.5 1390 6410 0.48

136.2 1380 6410 0.48

137.8 1490 6600 0.47

139.4 1380 6540 0.48

141.1 1270 6010 0.48

Metric Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

21.5 260 1630 0.49

22.0 260 1630 0.49

22.5 270 1670 0.49

23.0 290 1670 0.48

23.5 270 1640 0.49

24.0 270 1690 0.49

24.5 260 1670 0.49

25.0 240 1630 0.49

25.5 240 1630 0.49

26.0 220 1610 0.49

26.5 210 1600 0.49

27.0 230 1650 0.49

27.5 280 1690 0.49

28.0 330 1770 0.48

28.5 350 1810 0.48

29.0 350 1800 0.48

29.5 320 1710 0.48

30.0 280 1670 0.49

30.5 300 1740 0.48

31.0 330 1830 0.48

31.5 330 1800 0.48

32.0 340 1810 0.48

32.5 320 1800 0.48

33.0 320 1780 0.48

33.5 310 1780 0.48

34.0 320 1780 0.48

34.5 330 1800 0.48

35.0 340 1800 0.48

35.5 340 1800 0.48

36.0 320 1780 0.48

36.5 320 1770 0.48

37.0 320 1780 0.48

37.5 310 1780 0.48

38.0 330 1810 0.48

38.5 360 1860 0.48

39.0 330 1900 0.48

39.5 340 1970 0.48

40.0 410 2010 0.48

40.6 430 2010 0.48

41.0 430 1950 0.48

41.5 420 1950 0.48

42.0 460 2010 0.47

42.5 420 1990 0.48

43.0 390 1830 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers V s Vn Ratio

(ft) (ftIs) (ftIs)

142.7 1280 5800 0.47

144.4 1320 5750 0.47

146.3 1420 5850 0.47

147.6 1340 5650 0.47

149.3 1270 5600 0.47

150.9 1390 5700 0.47

152.6 1360 5560 0.47

154.2 1330 5510 0.47

155.8 1340 5420 0.47

157.5 1340 5380 0.47

159.1 1350 5510 0.47

160.8 1340 5750 0.47

162.4 1320 5700 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (rn/s)

43.5 390 1770 0.47

44.0 400 1750 0.47

44.6 430 1780 0.47

45.0 410 1720 0.47

45.5 390 1710 0.47

46.0 420 1740 0.47

46.5 410 1690 0.47

47.0 410 1680 0.47

47.5 410 1650 0.47

48.0 410 1640 0.47

48.5 410 1680 0.47

49.0 410 1750 0.47

49.5 400 1740 0.47
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APPENDIXA

SUSPENSION VELOCITY MEASUREMENT
QUALITY ASSURANCE SUSPENSION SOURCE

TO RECEIVER ANALYSIS RESULTS
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Table A-1. Boring R-09-007, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ftfs) (ftfs)

8.5 290 1630 0.48

10.1 280 2720 0.49

11.8 330 4710 0.50

13.4 390 4940 0.50

15.1 410 4900 0.50

16.7 420 5040 0.50

18.3 420 5390 0.50

20.0 430 5230 0.50

21.6 440 5230 0.50

23.3 460 5150 0.50

24.9 520 5390 0.50

26.6 530 5430 0.50

28.2 530 5170 0.49

29.8 570 5080 0.49

31.5 560 5170 0.49

33.1 550 5100 0.49

34.8 560 5080 0.49

36.4 530 5080 0.49

38.0 530 4950 0.49

39.7 560 5060 0.49

41.3 580 5170 0.49

43.0 590 5170 0.49

44.6 580 4460 0.49

46.2 570 4120 0.49

47.9 540 4380 0.49

49.5 540 4280 0.49

51.2 560 4270 0.49

52.8 610 4280 0.49

54.4 620 4540 0.49

56.1 630 4890 0.49

57.7 660 5120 0.49

59.4 660 5060 0.49

61.0 680 5210 0.49

62.6 710 5190 0.49

64.3 700 5170 0.49

65.9 720 5170 0.49

67.6 690 5330 0.49

69.2 690 5350 0.49

70.8 730 5350 0.49

72.5 720 5370 0.49

74.1 750 5490 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

2.6 90 500 0.48

3.1 90 830 0.49

3.6 100 1440 0.50

4.1 120 1500 0.50

4.6 120 1490 0.50

5.1 130 1540 0.50

5.6 130 1640 0.50

6.1 130 1590 0.50

6.6 140 1590 0.50

7.1 140 1570 0.50

7.6 160 1640 0.50

8.1 160 1650 0.50

8.6 160 1580 0.49

9.1 170 1550 0.49

9.6 170 1580 0.49

10.1 170 1550 0.49

10.6 170 1550 0.49

11.1 160 1550 0.49

11.6 160 1510 0.49

12.1 170 1540 0.49

12.6 180 1580 0.49

13.1 180 1580 0.49

13.6 180 1360 0.49

14.1 170 1260 0.49

14.6 170 1330 0.49

15.1 160 1310 0.49

15.6 170 1300 0.49

16.1 190 1310 0.49

16.6 190 1380 0.49

17.1 190 1490 0.49

17.6 200 1560 0.49

18.1 200 1540 0.49

18.6 210 1590 0.49

19.1 220 1580 0.49

19.6 210 1580 0.49

20.1 220 1580 0.49

20.6 210 1620 0.49

21.1 210 1630 0.49

21.6 220 1630 0.49

22.1 220 1640 0.49

22.6 230 1670 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ftIs) (ftIs)

75.8 770 5640 0.49

77.4 770 5530 0.49

79.0 780 5250 0.49

80.7 770 5310 0.49

82.3 740 5430 0.49

84.0 780 5450 0.49

85.6 800 5550 0.49

87.2 790 5530 0.49

88.9 800 5510 0.49

90.5 790 5550 0.49

92.2 790 5550 0.49

93.8 820 5760 0.49

95.4 870 5850 0.49

97.1 880 5950 0.49

98.7 890 5950 0.49

100.4 890 5850 0.49

102.0 950 5780 0.49

103.7 950 5780 0.49

105.3 950 5760 0.49

106.9 940 5830 0.49

108.6 930 5880 0.49

110.2 900 5900 0.49

111.9 920 5880 0.49

113.5 930 5880 0.49

115.1 940 5830 0.49

116.8 930 5800 0.49

118.4 980 5800 0.49

120.1 1000 5800 0.48

121.7 1010 5730 0.48

123.3 1020 5800 0.48

125.0 1030 5780 0.48

126.6 1030 5760 0.48

128.3 1040 5800 0.48

129.9 1080 6100 0.48

131.5 1070 6130 0.48

133.2 1080 6160 0.48

134.8 1110 6100 0.48

136.5 1120 6320 0.48

138.1 1140 6350 0.48

139.7 1140 6350 0.48

141.4 1130 6240 0.48

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

23.1 230 1720 0.49

23.6 240 1690 0.49

24.1 240 1600 0.49

24.6 240 1620 0.49

25.1 230 1650 0.49

25.6 240 1660 0.49

26.1 240 1690 0.49

26.6 240 1690 0.49

27.1 240 1680 0.49

27.6 240 1690 0.49

28.1 240 1690 0.49

28.6 250 1750 0.49

29.1 260 1780 0.49

29.6 270 1810 0.49

30.1 270 1810 0.49

30.6 270 1780 0.49

31.1 290 1760 0.49

31.6 290 1760 0.49

32.1 290 1750 0.49

32.6 290 1780 0.49

33.1 280 1790 0.49

33.6 280 1800 0.49

34.1 280 1790 0.49

34.6 280 1790 0.49

35.1 290 1780 0.49

35.6 280 1770 0.49

36.1 300 1770 0.49

36.6 300 1770 0.48

37.1 310 1750 0.48

37.6 310 1770 0.48

38.1 310 1760 0.48

38.6 310 1750 0.48

39.1 320 1770 0.48

39.6 330 1860 0.48

40.1 330 1870 0.48

40.6 330 1880 0.48

41.1 340 1860 0.48

41.6 340 1930 0.48

42.1 350 1930 0.48

42.6 350 1930 0.48

43.1 340 1900 0.48
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Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis
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Table A-2. Boring R-09-014, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftls) (ft/s)

8.1 300 4830 0.50

9.8 250 4310 0.50

11.4 260 4430 0.50

13.0 340 4370 0.50

14.7 300 4590 0.50

16.3 370 4760 0.50

18.0 370 4760 0.50

19.6 400 4830 0.50

21.2 400 4910 0.50

22.9 410 4870 0.50

24.5 450 5020 0.50

26.2 470 5060 0.50

27.8 490 5190 0.50

29.4 510 5190 0.50

31.1 520 5230 0.49

32.7 540 5190 0.49

34.4 490 5020 0.50

36.0 510 5020 0.49

37.6 490 4950 0.50

39.3 480 4950 0.50

40.9 560 5100 0.49

42.6 570 4910 0.49

44.2 530 5060 0.49

45.8 540 4370 0.49

47.5 490 4370 0.49

49.1 510 4220 0.49

50.8 530 4280 0.49

52.4 560 4830 0.49

54.0 610 5280 0.49

55.7 630 5100 0.49

57.3 630 5100 0.49

59.0 620 5410 0.49

60.6 660 5320 0.49

62.2 660 5410 0.49

63.9 670 5150 0.49

65.9 690 5360 0.49

67.2 690 5360 0.49

68.8 720 5410 0.49

70.5 740 5460 0.49

72.1 740 5410 0.49

73.7 760 5500 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

2.5 90 1470 0.50

3.0 80 1310 0.50

3.5 80 1350 0.50

4.0 100 1330 0.50

4.5 90 1400 0.50

5.0 110 1450 0.50

5.5 110 1450 0.50

6.0 120 1470 0.50

6.5 120 1500 0.50

7.0 120 1480 0.50

7.5 140 1530 0.50

8.0 140 1540 0.50

8.5 150 1580 0.50

9.0 150 1580 0.50

9.5 160 1590 0.49

10.0 160 1580 0.49

10.5 150 1530 0.50

11.0 150 1530 0.49

11.5 150 1510 0.50

12.0 150 1510 0.50

12.5 170 1560 0.49

13.0 170 1500 0.49

13.5 160 1540 0.49

14.0 160 1330 0.49

14.5 150 1330 0.49

15.0 150 1290 0.49

15.5 160 1300 0.49

16.0 170 1470 0.49

16.5 190 1610 0.49

17.0 190 1560 0.49

17.5 190 1560 0.49

18.0 190 1650 0.49

18.5 200 1620 0.49

19.0 200 1650 0.49

19.5 200 1570 0.49

20.1 210 1640 0.49

20.5 210 1640 0.49

21.0 220 1650 0.49

21.5 220 1660 0.49

22.0 230 1650 0.49

22.5 230 1680 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ft/s) (ft/s)

75.4 790 5650 0.49

77.0 790 5650 0.49

78.7 820 5650 0.49

80.3 850 5750 0.49

81.9 870 5750 0.49

83.6 900 5700 0.49

85.2 920 5700 0.49

86.9 910 5700 0.49

88.5 940 5810 0.49

90.1 910 5700 0.49

91.8 900 5890 0.49

93.4 910 5890 0.49

95.1 920 5970 0.49

96.7 920 5860 0.49

98.7 930 6000 0.49

100.0 960 5920 0.49

101.6 950 5920 0.49

103.3 960 5890 0.49

105.2 950 5810 0.49

106.5 940 5860 0.49

108.2 950 5890 0.49

109.8 960 5890 0.49

111.5 960 6000 0.49

113.1 1010 5920 0.49

114.7 980 5970 0.49

116.4 980 6000 0.49

118.0 960 5730 0.49

119.7 1010 6090 0.49

121.3 1010 6090 0.49

122.9 1030 6210 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

23.0 240 1720 0.49

23.5 240 1720 0.49

24.0 250 1720 0.49

24.5 260 1750 0.49

25.0 260 1750 0.49

25.5 270 1740 0.49

26.0 280 1740 0.49

26.5 280 1740 0.49

27.0 280 1770 0.49

27.5 280 1740 0.49

28.0 270 1790 0.49

28.5 280 1790 0.49

29.0 280 1820 0.49

29.5 280 1790 0.49

30.1 280 1830 0.49

30.5 290 1800 0.49

31.0 290 1800 0.49

31.5 290 1790 0.49

32.1 290 1770 0.49

32.5 290 1790 0.49

33.0 290 1790 0.49

33.5 290 1790 0.49

34.0 290 1830 0.49

34.5 310 1800 0.49

35.0 300 1820 0.49

35.5 300 1830 0.49

36.0 290 1750 0.49

36.5 310 1860 0.49

37.0 310 1860 0.49

37.5 310 1890 0.49
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Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and SH-wave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ft/s) (ft/s)

11.8 430 3950 0.49

13.4 460 4040 0.49

15.1 490 3910 0.49

16.1 530 4340 0.49

18.3 490 4680 0.49

20.0 450 4530 0.50

21.6 440 4590 0.50

23.3 440 4530 0.50

24.9 440 4740 0.50

26.6 490 4940 0.50

28.2 530 4870 0.49

29.8 530 5040 0.49

31.5 550 4990 0.49

33.1 580 5100 0.49

34.8 560 5040 0.49

36.4 590 5150 0.49

38.0 590 5120 0.49

39.7 590 5120 0.49

41.3 600 5270 0.49

43.0 560 5270 0.49

44.6 540 5250 0.49

46.2 540 5230 0.49

47.9 540 5210 0.49

49.5 560 5310 0.49

51.2 630 5330 0.49

52.8 630 5290 0.49

54.4 600 5310 0.49

56.1 630 5350 0.49

57.7 630 5410 0.49

59.4 660 5530 0.49

61.0 750 5600 0.49

62.6 740 5580 0.49

64.3 740 5510 0.49

65.9 730 5470 0.49

67.6 700 5510 0.49

69.2 690 5550 0.49

70.8 690 5620 0.49

72.5 690 5470 0.49

74.1 690 5430 0.49

75.8 710 5470 0.49

77.4 760 5580 0.49

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) Im/s) (m/s)

3.6 130 1200 0.49

4.1 140 1230 0.49

4.6 150 1190 0.49

4.9 160 1320 0.49

5.6 150 1430 0.49

6.1 140 1380 0.50

6.6 130 1400 0.50

7.1 130 1380 0.50

7.6 130 1440 0.50

8.1 150 1500 0.50

8.6 160 1480 0.49

9.1 160 1540 0.49

9.6 170 1520 0.49

10.1 180 1550 0.49

10.6 170 1540 0.49

11.1 180 1570 0.49

11.6 180 1560 0.49

12.1 180 1560 0.49

12.6 180 1610 0.49

13.1 170 1610 0.49

13.6 160 1600 0.49

14.1 170 1590 0.49

14.6 170 1590 0.49

15.1 170 1620 0.49

15.6 190 1620 0.49

16.1 190 1610 0.49

16.6 180 1620 0.49

17.1 190 1630 0.49

17.6 190 1650 0.49

18.1 200 1690 0.49

18.6 230 1710 0.49

19.1 230 1700 0.49

19.6 230 1680 0.49

20.1 220 1670 0.49

20.6 210 1680 0.49

21.1 210 1690 0.49

21.6 210 1710 0.49

22.1 210 1670 0.49

22.6 210 1650 0.49

23.1 220 1670 0.49

23.6 230 1700 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(tt) (ftIs) (ftIs)

79.0 770 5580 0.49

80.7 820 5550 0.49

82.3 830 5620 0.49

84.0 850 5550 0.49

85.6 880 5580 0.49

87.2 880 5670 0.49

88.9 890 5710 0.49

90.5 920 5760 0.49

92.2 930 5850 0.49

93.8 950 5880 0.49

95.4 960 5880 0.49

97.1 970 5850 0.49

98.7 980 5880 0.49

100.4 1000 5800 0.48

102.0 1000 5930 0.49

103.7 1020 5830 0.48

105.3 1020 5930 0.48

106.9 1030 5970 0.48

108.6 1030 5730 0.48

110.2 1040 5930 0.48

111.9 1040 5880 0.48

113.5 1040 5970 0.48

115.1 1060 5970 0.48

116.8 1060 5970 0.48

118.4 1060 6030 0.48

120.4 1080 5930 0.48

121.7 1090 5970 0.48

123.3 1090 5970 0.48

125.0 1100 6130 0.48

126.6 1090 6080 0.48

128.3 1050 5970 0.48

129.9 1050 5850 0.48

131.5 1110 6050 0.48

133.2 1110 6100 0.48

134.8 1140 6160 0.48

136.5 1150 6210 0.48

138.1 1160 6410 0.48

139.7 1160 6380 0.48

141.4 1160 6580 0.48

143.0 1170 6680 0.48

144.7 1180 6710 0.48

146.3 1210 6550 0.48

147.9 1200 6550 0.48

149.9 1210 6580 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

24.1 240 1700 0.49

24.6 250 1690 0.49

25.1 250 1710 0.49

25.6 260 1690 0.49

26.1 270 1700 0.49

26.6 270 1730 0.49

27.1 270 1740 0.49

27.6 280 1750 0.49

28.1 280 1780 0.49

28.6 290 1790 0.49

29.1 290 1790 0.49

29.6 300 1780 0.49

30.1 300 1790 0.49

30.6 300 1770 0.48

31.1 310 1810 0.49

31.6 310 1780 0.48

32.1 310 1810 0.48

32.6 310 1820 0.48

33.1 310 1750 0.48

33.6 320 1810 0.48

34.1 320 1790 0.48

34.6 320 1820 0.48

35.1 320 1820 0.48

35.6 320 1820 0.48

36.1 320 1840 0.48

36.7 330 1810 0.48

37.1 330 1820 0.48

37.6 330 1820 0.48

38.1 330 1870 0.48

38.6 330 1850 0.48

39.1 320 1820 0.48

39.6 320 1780 0.48

40.1 340 1840 0.48

40.6 340 1860 0.48

41.1 350 1880 0.48

41.6 350 1890 0.48

42.1 350 1950 0.48

42.6 350 1940 0.48

43.1 350 2010 0.48

43.6 360 2030 0.48

44.1 360 2040 0.48

44.6 370 2000 0.48

45.1 370 2000 0.48

45.7 370 2010 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftIs) (ftIs)

151.2 1230 6490 0.48

153.2 1230 6460 0.48

154.5 1250 6520 0.48

156.1 1290 6520 0.48

157.8 1300 6580 0.48

159.4 1260 6490 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

46.1 370 1980 0.48

46.7 370 1970 0.48

47.1 380 1990 0.48

47.6 390 1990 0.48

48.1 400 2010 0.48

48.6 380 1980 0.48
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SCHUYLER HElM BRIDGE BORING R-D9-D22
Source to Receiver and Receiver to Receiver Analysis
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Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

1ft) Illis) (ft/s)

8.1 320 2410 0.49

9.8 290 3540 0.50

11.4 310 3790 0.50

13.0 330 4140 0.50

15.0 360 4760 0.50

16.3 420 4910 0.50

18.0 430 4910 0.50

19.6 450 5060 0.50

21.2 520 5060 0.49

22.9 560 5150 0.49

24.5 540 5060 0.49

26.2 570 5150 0.49

27.8 580 5150 0.49

29.4 580 5150 0.49

31.1 670 5150 0.49

32.7 640 5100 0.49

34.4 600 5130 0.49

36.0 590 5040 0.49

37.6 550 4930 0.49

39.0 550 4950 0.49

40.9 570 4960 0.49

42.6 560 5080 0.49

44.2 560 4960 0.49

45.8 540 4950 0.49

47.5 510 4870 0.49

49.1 530 4950 0.49

50.8 560 5150 0.49

52.4 610 5150 0.49

54.0 640 5150 0.49

55.7 650 5170 0.49

57.3 640 5170 0.49

58.3 630 5100 0.49

60.6 650 5170 0.49

62.2 650 5150 0.49

63.9 650 5340 0.49

65.5 690 5300 0.49

67.2 690 5360 0.49

68.8 700 5340 0.49

70.5 750 5320 0.49

72.1 740 5230 0.49

73.7 760 5190 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

2.5 100 730 0.49

3.0 90 1080 0.50

3.5 90 1160 0.50

4.0 100 1260 0.50

4.6 110 1450 0.50

5.0 130 1500 0.50

5.5 130 1500 0.50

6.0 140 1540 0.50

6.5 160 1540 ·0.49

7.0 170 1570 0.49

7.5 160 1540 0.49

8.0 170 1570 0.49

8.5 180 1570 0.49

9.0 180 1570 0.49

9.5 200 1570 0.49

10.0 200 1560 0.49

10.5 180 1560 0.49

11.0 180 1540 0.49

11.5 170 1500 0.49

11.9 170 1510 0.49

12.5 170 1510 0.49

13.0 170 1540 0.49

13.5 170 1510 0.49

14.0 170 1510 0.49

14.5 150 1480 0.49

15.0 160 1510 0.49

15.5 170 1570 0.49

16.0 190 1570 0.49

16.5 190 1570 0.49

17.0 200 1580 0.49

17.5 190 1580 0.49

17.8 190 1560 0.49

18.5 200 1580 0.49

19.0 200 1570 0.49

19.5 200 1630 0.49

20.0 210 1610 0.49

20.5 210 1640 0.49

21.0 210 1630 0.49

21.5 230 1620 0.49

22.0 230 1590 0.49

22.5 230 1580 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ftIs) (ftIs)

7504 770 5080 0049

77.0 790 5130 0049

78.7 850 5170 0049

80.3 890 5320 0049

81.9 920 5360 0048

83.6 960 5460 0048

85.2 1000 5550 0048

86.9 1020 5600 0048

88.5 1020 5730 0048

90.1 1050 5780 0048

91.8 1050 5730 0048

93.4 1050 5630 0.48

95.1 1030 5730 0048

96.7 1050 5730 0.48

98.3 1060 5730 0.48

100.0 1080 5730 0.48

101.0 1090 5780 0.48

103.3 1080 5860 0048

104.9 1060 5810 0048

106.5 990 5600 0048

108.2 1090 5700 0048

109.8 1130 6060 0048

111.5 1160 6180 0048

113.1 1160 6180 0048

114.7 1130 6180 0.48

116.4 1120 6000 0.48

118.0 1120 6090 0048

119.7 1130 5830 0.48

121.3 1210 6030 0048

123.3 1310 6060 0048

124.6 1310 6180 0.48

126.2 1280 6180 0048

128.2 1270 5940 0.48

129.5 1230 5940 0048

131.1 1200 5940 0048

132.8 1160 5860 0048

134.4 1170 5940 0.48

136.1 1230 6210 0048

137.7 1370 6390 0.48

139.3 1470 6430 0047

141.0 1510 6530 0047

142.6 1420 6730 0048

144.3 1360 6660 0.48

146.2 1350 6490 0048

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

23.0 240 1550 0.49

23.5 240 1560 0.49

24.0 260 1580 0.49

24.5 270 1620 0.49

25.0 280 1640 0.48

25.5 290 1660 0.48

26.0 310 1690 0.48

26.5 310 1710 0.48

27.0 310 1750 0.48

27.5 320 1760 0.48

28.0 320 1750 0.48

28.5 320 1720 0.48

29.0 310 1750 0.48

29.5 320 1750 0.48

30.0 320 1750 0.48

30.5 330 1750 0.48

30.8 330 1760 0.48

31.5 330 1790 0.48

32.0 320 1770 0.48

32.5 300 1710 0.48

33.0 330 1740 0.48

33.5 340 1850 0.48

34.0 350 1880 0.48

34.5 350 1880 0.48

35.0 340 1880 0.48

35.5 340 1830 0.48

36.0 340 1860 0.48

36.5 340 1780 0.48

37.0 370 1840 0.48

37.6 400 1850 0.48

38.0 400 1880 0.48

38.5 390 1880 0.48

39.1 390 1810 0.48

39.5 380 1810 0.48

40.0 370 1810 0.48

40.5 350 1790 0.48

41.0 360 1810 0.48

41.5 380 1890 0.48

42.0 420 1950 0.48

42.5 450 1960 0.47

43.0 460 1990 0.47

43.5 430 2050 0.48

44.0 410 2030 0.48

44.6 410 1980 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(ft) (ft/s) (ft/s)

147.6 1300 6360 0.48

149.2 1310 6270 0.48

150.8 1280 6390 0.48

152.5 1310 6530 0.48

154.1 1310 6490 0.48

155.8 1350 6660 0.48

157.4 1460 6880 0.48

159.0 1440 6700 0.48

160.7 1310 6300 0.48

162.3 1210 5860 0.48

164.0 1250 5780 0.48

165.6 1210 5810 0.48

167.2 1190 5860 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) (m/s)

45.0 400 1940 0.48

45.5 400 1910 0.48

46.0 390 1950 0.48

46.5 400 1990 0.48

47.0 400 1980 0.48

47.5 410 2030 0.48

48.0 450 2100 0.48

48.5 440 2040 0.48

49.0 400 1920 0.48

49.5 370 1790 0.48

50.0 380 1760 0.48

50.5 370 1770 0.48

51.0 360 1790 0.48
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SCHUYLER HElM BRIDGE BORING R-D9-D25
Source to Receiver and Receiver to Receiver Analysis
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Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) Ift/sl Ift/sl

8.1 340 3260 0.49

9.8 340 3520 0.50

11.4 360 4110 0.50

13.0 370 4520 0.50

14.7 400 4470 0.50

16.3 430 4690 0.50

18.0 420 4690 0.50

19.6 450 4830 0.50

21.2 470 4810 0.50

22.9 460 5060 0.50

24.5 500 5040 0.50

26.2 550 5040 0.49

27.8 570 5230 0.49

29.4 550 5210 0.49

31.1 530 5100 0.49

32.7 510 5040 0.49

34.4 500 5080 0.50

36.0 510 5080 0.49

37.6 510 5060 0.49

39.3 510 5040 0.49

40.9 540 5060 0.49

42.6 510 5040 0.49

44.2 530 5080 0.49

45.8 540 5060 0.49

47.5 530 5060 0.49

49.1 570 5040 0.49

50.8 600 5060 0.49

52.4 660 5190 0.49

54.0 710 5230 0.49

55.7 700 5230 0.49

57.3 640 5130 0.49

59.0 660 5150 0.49

60.6 690 5320 0.49

62.2 670 5340 0.49

63.9 700 5410 0.49

65.5 750 5430 0.49

67.2 740 5430 0049

68.8 750 5360 0049

70.5 760 5280 0049

72.1 780 5250 0049

73.7 770 5210 0049

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(rn) (m/sl Im/sl

2.5 100 990 0049

3.0 110 1070 0.50

3.5 110 1250 0.50

4.0 110 1380 0.50

4.5 120 1360 0.50

5.0 130 1430 0.50

5.5 130 1430 0.50

6.0 140 1470 0.50

6.5 140 1470 0.50

7.0 140 1540 0.50

7.5 150 1540 0.50

8.0 170 1540 0049

8.5 170 1590 0049

9.0 170 1590 0049

9.5 160 1560 0049

10.0 160 1540 0049

10.5 150 1550 0.50

11.0 150 1550 0049

11.5 150 1540 0049

12.0 160 1540 0049

12.5 160 1540 0049

13.0 160 1540 0049

13.5 160 1550 0049

14.0 160 1540 0049

14.5 160 1540 0049

15.0 170 1540 0049

15.5 180 1540 0049

16.0 200 1580 0049

16.5 220 1590 0049

17.0 210 1590 0049

17.5 200 1560 0049

18.0 200 1570 0049

18.5 210 1620 0049

19.0 200 1630 0049

19.5 210 1650 0049

20.0 230 1660 0049

20.5 230 1660 0049

21.0 230 1640 0049

21.5 230 1610 0049

22.0 240 1600 0049

22.5 230 1590 0049
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(ft) (tus) (tus)

75.4 770 5320 0.49

77.0 770 5360 0.49

78.0 780 5250 0.49

80.3 810 5360 0.49

81.9 820 5300 0.49

83.6 860 5550 0.49

85.2 900 5650 0.49

86.9 930 5730 0.49

88.5 950 5650 0.49

90.1 990 5730 0.48

91.8 1000 5860 0.48

93.4 990 5920 0.49

95.1 970 5890 0.49

96.7 990 5890 0.49

98.3 1000 5920 0.49

100.0 1010 5970 0.49

101.6 1050 5920 0.48

103.3 1070 5920 0.48

104.9 1090 6000 0.48

106.5 1110 6030 0.48

108.2 1110 6030 0.48

109.8 1120 6000 0.48

111.5 1150 6090 0.48

113.1 1190 6120 0.48

114.7 1160 6150 0.48

116.4 1160 6030 0.48

118.0 1180 6000 0.48

119.7 1170 5970 0.48

121.3 1190 5920 0.48

122.9 1250 6120 0.48

124.6 1310 6240 0.48

126.2 1330 6460 0.48

127.9 1300 6360 0.48

129.5 1310 6390 0.48

131.1 1280 6270 0.48

132.8 1350 6490 0.48

134.4 1410 6730 0.48

136.1 1380 6730 0.48

137.7 1240 6660 0.48

139.3 1170 6490 0.48

141.0 1170 6490 0.48

142.6 1190 6560 0.48

144.3 1260 6430 0.48

145.9 1330 6660 0.48

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

23.0 230 1620 0.49

23.5 240 1640 0.49

23.8 240 1600 0.49

24.5 250 1640 0.49

25.0 250 1610 0.49

25.5 260 1690 0.49

26.0 270 1720 0.49

26.5 280 1750 0.49

27.0 290 1720 0.49

27.5 300 1750 0.48

28.0 310 1790 0.48

28.5 300 1800 0.49

29.0 300 1790 0.49

29.5 300 1790 0.49

30.0 310 1800 0.49

30.5 310 1820 0.49

31.0 320 1800 0.48

31.5 330 1800 0.48

32.0 330 1830 0.48

32.5 340 1840 0.48

33.0 340 1840 0.48

33.5 340 1830 0.48

34.0 350 1860 0.48

34.5 360 1860 0.48

35.0 350 1870 0.48

35.5 350 1840 0.48

36.0 360 1830 0.48

36.5 360 1820 0.48

37.0 360 1800 0.48

37.5 380 1860 0.48

38.0 400 1900 0.48

38.5 410 1970 0.48

39.0 400 1940 0.48

39.5 400 1950 0.48

40.0 390 1910 0.48

40.5 410 1980 0.48

41.0 430 2050 0.48

41.5 420 2050 0.48

42.0 380 2030 0.48

42.5 360 1980 0.48

43.0 360 1980 0.48

43.5 360 2000 0.48

44.0 380 1960 0.48

44.5 410 2030 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (Ws) (Ws)

147.6 1380 6660 0.48

149.2 1450 6730 0.48

150.8 1550 7030 0.47

152.5 1610 7030 0.47

154.1 1490 6700 0.47

155.8 1420 6150 0.47

157.4 1330 6000 0.47

159.0 1320 5700 0.47

160.7 1280 5600 0.47

162.3 1330 5680 0.47

164.0 1320 5600 0.47

165.6 1360 5630 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

45.0 420 2030 0.48

45.5 440 2050 0.48

46.0 470 2140 0.47

46.5 490 2140 0.47

47.0 450 2040 0.47

47.5 430 1870 0.47

48.0 410 1830 0.47

48.5 400 1740 0.47

49.0 390 1710 0.47

49.5 410 1730 0.47

50.0 400 1710 0.47

50.5 420 1720 0.47
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SCHUYLER HElM BRIDGE BORING R-QS-Q28
Source to Receiver and Receiver to Receiver Analysis
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Figure A-5. Boring R-09-028, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-5. Boring R-09-028, S - R1 quality assurance analysis p, and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ft/s) Ift/sl

8.1 370 2440 0.49

9.8 370 3660 0.49

11.4 350 4590 0.50

13.0 350 4490 0.50

14.7 410 4400 0.50

16.3 400 4650 0.50

18.0 420 4760 0.50

19.6 470 4720 0.49

21.2 520 4670 0.49

22.9 510 4690 0.49

24.5 540 4670 0.49

26.2 550 4780 0.49

27.8 570 4950 0.49

29.4 660 4980 0.49

31.1 690 4930 0.49

32.7 610 4910 0.49

34.4 570 4870 0.49

36.0 550 4670 0.49

37.6 520 4780 0.49

39.3 550 4760 0.49

40.9 600 4950 0.49

42.6 590 4870 0.49

44.2 570 4950 0.49

45.8 580 5000 0.49

47.5 570 5040 0.49

49.1 600 5020 0.49

50.8 670 5100 0.49

52.4 690 5130 0.49

54.0 730 5250 0.49

55.7 780 5250 0.49

57.3 780 5210 0.49

59.0 790 5300 0.49

60.6 800 5230 0.49

62.2 830 5250 0.49

63.9 870 5230 0.49

65.5 890 5390 0.49

67.2 880 5390 0.49

68.8 890 5320 0.49

70.5 890 5360 0.49

72.1 890 5340 0.49

73.7 890 5390 0.49

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(rn) (m/s) (m/s)

2.5 110 740 0.49

3.0 110 1120 0.49

3.5 110 1400 0.50

4.0 110 1370 0.50

4.5 120 1340 0.50

5.0 120 1420 0.50

5.5 130 1450 0.50

6.0 140 1440 0.49

6.5 160 1420 0.49

7.0 160 1430 0.49

7.5 160 1420 0.49

8.0 170 1460 0.49

8.5 170 1510 0.49

9.0 200 1520 0.49

9.5 210 1500 0.49

10.0 190 1500 0.49

10.5 170 1480 0.49

11.0 170 1420 0.49

11.5 160 1460 0.49

12.0 170. 1450 0.49

12.5 180 1510 0.49

13.0 180 1480 0.49

13.5 170 1510 0.49

14.0 180 1530 0.49

14.5 170 1540 0.49

15.0 180 1530 0.49

15.5 200 1560 0.49

16.0 210 1560 0.49

16.5 220 1600 0.49

17.0 240 1600 0.49

17.5 240 1590 0.49

18.0 240 1610 0.49

18.5 250 1590 0.49

19.0 250 1600 0.49

19.5 260 1590 0.49

20.0 270 1640 0.49

20.5 270 1640 0.49

21.0 270 1620 0.49

21.5 270 1640 0.49

22.0 270 1630 0.49

22.5 270 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ftls) (ftls)

7504 890 5480 0049

77.0 900 5500 0049

78.7 860 5430 0049

80.3 830 5460 0049

81.9 800 5320 0049

83.6 730 5210 0049

85.2 730 5190 0049

86.9 730 5340 0049

88.5 760 5410 0049

90.1 850 5460 0.49

91.8 980 5630 0048

9304 1030 5810 0048

95.1 1010 5700 0.48

96.7 960 5460 0048

98.3 950 5480 0.48

100.0 940 5630 0.49

101.6 1030 5780 0.48

103.3 1090 6030 0.48

104.9 1120 6090 0.48

106.5 1120 6090 0.48

108.2 1030 5970 0.48

109.8 1030 6000 0.48

111.5 1030 5940 0.48

113.1 1030 5970 0.48

114.7 1030 6120 0.49

116.4 1110 6060 0.48

118.0 1080 6120 0.48

119.7 1080 6090 0.48

121.3 1010 6000 0.49

122.9 1030 6090 0.49

124.6 1090 6090 0.48

126.2 1110 6120 0.48

127.9 1160 6330 0.48

129.5 1210 6560 0.48

131.1 1230 6700 0.48

132.8 1280 6730 0.48

134.4 1340 6660 0.48

136.1 1360 6560 0.48

138.0 1330 6300 0.48

139.3 1330 6270 0.48

141.0 1310 . 6060 0.48

142.6 1310 5920 0.47

144.3 1300 5780 0047

145.9 1360 5700 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

23.0 270 1670 0049

23.5 270 1680 0049

24.0 260 1660 0049

24.5 250 1660 0049

25.0 250 1620 0049

25.5 220 1590 0049

26.0 220 1580 0049

26.5 220 1630 0049

27.0 230 1650 0049

27.5 260 1660 0049

28.0 300 1720 0048

28.5 310 1770 0048

29.0 310 1740 0048

29.5 290 1660 0.48

30.0 290 1670 0048

30.5 290 1720 0049

31.0 310 1760 0048

31.5 330 1840 0048

32.0 340 1860 0048

32.5 340 1860 0048

33.0 310 1820 0048

33.5 310 1830 0048

34.0 310 1810 0048

34.5 310 1820 0048

35.0 310 1860 0049

35.5 340 1850 0048

36.0 330 1860 0048

36.5 330 1860 0048

37.0 310 1830 0049

37.5 310 1860 0049

38.0 330 1860 0048

38.5 340 1860 0048

39.0 350 1930 0048

39.5 370 2000 0048

40.0 370 2040 0048

40.5 390 2050 0048

41.0 410 2030 0048

41.5 410 2000 0.48

42.1 400 1920 0048

42.5 410 1910 0048

43.0 400 1850 0048

43.5 400 1800 0047

44.0 400 1760 0.47

44.5 410 1740 0047
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftls) (ftls)

147.6 1360 5750 0.47

149.2 1370 5700 0.47

151.2 1360 5600 0.47

152.5 1350 5580 0.47

154.1 1360 5550 0.47

155.8 1350 5390 0.47

157.4 1340 5410 0.47

159.0 1370 5430 0.47

160.7 1350 5410 0.47

162.3 1360 5630 0.47

164.0 1360 5650 0.47

165.6 1370 5650 0.47

167.2 1360 5700 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

45.0 410 1750 0.47

45.5 420 1740 0.47

46.1 410 1710 0.47

46.5 410 1700 0.47

47.0 410 1690 0.47

47.5 410 1640 0.47

48.0 410 1650 0.47

48.5 420 1660 0.47

49.0 410 1650 0.47

49.5 410 1720 0.47

50.0 410 1720 0.47

50.5 420 1720 0.47

51.0 410 1740 0.47
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APPENDIX B

BORING GEOPHYSICAL LOGGING
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~~l(:r~ EDISON ESr
..\ SUl/fllrt/,\' GI/..II'O/INIA (;mSON" ComplIll)'

Metrology
7300 Fenwick Lane
Westminster, CA 92683
foil Free: 866-723-2257

Calibration Report

GEOVision Geophysical Services
1124 Olympic Drive

Corona, CA 92881-3390

Page 1 of 4

1111111 lilllllU m~"IIII~11 111\1111
573794

Lab Code: 105014-0

Manufacturer:
Model Number:
Description:
Asset Number:
Serial Number:
Cal. Procedure:
PO Number:

Oyo
3403
Unit, Suspension Telemetry

160023
160023
Customer

9200-090716-01

Ambient Ternnerature:
Ambient Humidity:
Condition As Found:
Condition As Left:
Calibration Date:
Calibration Due Date:
Calibration Interval:

23° C
56% RH
In Tolerance
In Tolerance - No Adjustment

07/17/2009
07/17/2010
12 Months

Remarks:
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SeE Document M013987, The data can be found on pages2 and 3 of this report with the original observation data on page 4.

Standards Utilized
.:-:eX: ·~(j;f;l!t:it5~t~: ;~YJJH:?a!t( .

S1-01252 Hewlett Packard 5335A OPT 010,203040 Counter, Universal 01/29/2009 07/29/2009

S1-01347 Hewlett Packard 3325A Generator, Function, Synthesizer 05/04/2009 11/04/2009

S1-03686 Fluke 910 Standard, Frequency, Controlled, Gps 01/24/2009 01/24/2010

Nome Title

714-895-0714
Phone

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014-0, and in compliance with ISOIIEC 17025:2005, ANSI/NCSL Z540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided,
the uncertai~¥:ototed is~he exp~ded uncertainty of the measurement, where k=2.
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Page 2 of 4

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

Test No. 573794
603Asset No.1 o 2

Out CALIBRATIONSTEP FUNCTION NO:MINAL
AS FOUND AS LEFT of

TOLERANCEVALUE TalNUM TESTED
-- -----------

CHHN 49.50 to 50.50 Hz
Frequency 50.00 Hz 50.00 Same

[EMU 0.000250]Sine Wave

99.0 to 101.0 Hz
I 100.0 Hz 100.0 Same [EMU 0.000500]

----

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same

[EMU 0.001000]
---------------

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same

[EMU 0.002500]
----f--

990 to 1010 Hz
I 1000 Hz 1000 Same

[EMU 0.005000]
---------j---

1980 to 2020 Hz
I 2000 Hz 2000 Same

[EMU 0.010000]
-----------

CHHR 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave

---

Same
99.0 to 101.0 HzI 100.0 Hz 100.0
[EMU 0.000500]

------..-

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same [EMU 0.001000]

-----

495.0 to 505.0 HzI 500.0 Hz 500.0 Same [EMU 0.002500]
-----f--

990 to 1010 HzI 1000 Hz 1000 Same [EMU 0.005000]
-----I-

1980 to 2020 HzI 2000 Hz 2000 Same [EMU 0.010000]
- --------- ---------- -_.-

CHV 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same [EMU 0.000250]Sine Wave
._------._-------- - -

99.0 to 101.0 Hz
I 100.0 Hz 100.0 Same [EMU 0.000500]

-------...----------

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same

[EMU ~.001000]___._
-------

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same [EMU 0.002500]

--- ----.__._- --------
Remarks:

MlldCals CPM: Version J.J.J (Professional)

Src DU1: (9548AF3D-C74D-4C9F.AEEF·2IEF560BC45I) (c)

Doc DUI: (lIB lOF47E.4C5F·4650.9ICB-A05A72E36JC1) (0)

ATTACHMENT 2
Page 1 of2

Customer
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Test No. 573794
Asset No. 160023

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4

STEP FUNCTION NOMINAL Out CALIBRAnONAS FOUND AS LEFT of
NUM TESTED VALUE Tol TOLERANCE

--------

CHV 990 to 1010 Hz
Frequency 1000 Hz 998.9 Same
Sine Wave [EMU 0.005000]

----- ---- ------

I 2000 Hz 2000 Same
1980 to 2020 Hz
[EMU 0.010000]

-------- ----

--

--

--

;----- --

--------1--- --

----- --..---_..._,._.-

------~---------- -------_ ...-

--- --

------

1------------ ---------

I

--

-----\--- " ..-

------- 1-------- --------- ------- ---------- -

-----'-- ----------.-
Remarks:

MudCnls CPM: Version2.2.2 {Prcfesstonul}

Src DUl: (9S48AF3D-C74D-4C9F-/JEEF-2IEFS60BC4SI) (c)

Doc DUl: (ABIOF47E-4CSF-4650-9ICB-AOSA72E36ICI) (D)

GEOVision Report 9375-01 rev a
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Page 2 of2
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SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.:
Serial no.:
By:

Counter mfg.:
Serial no.:
By:

Oyo
160023
Craig Branson

Hewlett-Packard
2626A09881
SCE #S1-01252

3403
7/17/2009
7/17/2010

5335A
1/29/2009
7/29/2009

SCE #S1-01347

Hewlett-Packard
2652A25647

Signal generator mfg.:
Serial no.:
By:

SYSTEM SETTINGS:
Gain:
Filter
Range:
Delay:
Stack (1 std)
System date =correct date and time

8
10KHz
See sample period in table below
o

7/17/2009

3325A
5/4/2009
11/4/2009

/010(

PROCEDURE:
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as
.sps file. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*100)% As found -0. r(/. As left
_0 ,\"(

Target Actual Sample File Time for Average Time for Average Time for Average
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 9 cycles Frequency

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr (Hz) V (msec) V (Hz)
50.00 50.00 200 401 '<go. 00 'j'O.DO /8 0 .0 0 '>0.00 I 'ijo. 00 5'0 0 0
100.0 100.0 100 402 qOoo 100.0 e:t c>. 00 IDe. 0 <70. DO I t/o . 0

200.0 200.0 50 403 '15'.00 z.oe.o L.( '5'.00 z.oo, 0 4'5'.0 0 Z-o&>.o

500.0 500.0 20 404 Iff.oo 5"0 0 . 0 / ~.OO 5'00.0 r e.e» ;)DO.O

1000 1000 10 405 q.ooo 1000 9.000 /(900 9.°10 qqx. q
2000 2000 5 406 4.?oe z.e ee t..f.5"oo Z-bt;O Lf.?'oO 2..J!:>OO

Signature
7/17/2009
Date

Craig Branson

Robert Steller 7/17/2009
Name Date Signature

Name

Witnessed by:

Calibrated by:

Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 July 21 , 2008
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EDISON ESr'
" SOU'IHI'/ilv C'\UI'OI~NIA U:>/SO\'" COJl1po,,)'

Metrology
7300 Fenwick Lane
Westminster, CA 92683

Toll Free: 866-713-2257

Calibration Report

GEOVision Geophysical Services
1124 Olympic Drive

Corona, CA 92881-3390

• J ....

Page 1 of 4

1IIIIIIIImlllllm~[mmlllllllllli
573795

Lab Code: 105014-0

Manufacturer:
Model Number:
Description:
Asset Number:
Serial Number:
Cal. Procedure:
PO Number:

ayo
3403
Unit, Suspension Telemetry

160024

160024

Customer

9200-090716-01

Ambient Temnerature:
Ambient Humidity:
Condition As Found:
Condition As Left:
Calibration Date:
Calibration Due Date:
Calibration Interval:

23° C
56% RH
In Tolerance

In Tolerance - No Adjustment

07/17/2009
07/17/2010
12 Months

Remarks:
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SCE Document M013987. The data can be found on pages 2 and 3 of this report with the original observation data on page 4.

Standards Utilized

S1-01252

S1-01347

S1-03686

Hewlett Packard

Hewlett Packard

Fluke

5335A OPT 010,203040

3325A

910

Counter, Universal

Generator, Function, Synthesizer

Standard, Frequency, Controlled, Gps

01/29/2009 07/29/2009

05/04/2009 11/04/2009

01/24/2009 01/24/2010

Branson, Craig A f\ lit,'S------~....:_--
Nnme

Metrologist
Tille

714-895-0714
Phone

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014-0, and in compliance with ISOIIEC 17025:2005, ANSIINCSL Z540-1-1994 and 10CFR50,Appendix B. Where uncertainties are provided,
the uncerta~~eWlted i~the ex~anded uncertainty of the measurement,where k=2.
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Page 2 of 4

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

Test No. 573795
160024Asset No.

Out CALIBRATIONSTEP FUNCTION NOMINAL
AS FOUND AS LEFT of

TOLERANCENUM TESTED VALUE Tol
--

CHHN 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500]

--------

198.0 to 202.0 HzI 200.0 Hz 200.2 Same
[EMU 0.001000]

---~t-- -_._-

495.0 to 505.0 HzI 500.0 Hz 500.0 Same
[EMU 0.002500]

990 to 1010 HzI 1000 Hz 1000 Same
[EMU 0.005000]

---

1980 to 2020 HzI 2000 Hz 2000 Same
[EMU 0.010000]

---;----

49.50 to 50.50 HzCHHR
Frequency 50.00 Hz 50.00 Same

[EMU 0.000250]Sine Wave
---t--

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500]

- ---~---

198.0 to 202.0 HzI 200.0 Hz 200.0 Same
[EMU 0.001000]

- --------- ----

495.0 to 505.0 HzI 500.0 Hz 500.0 Same
[EMU 0.002500]

-_.'---

990 to 1010 HzI 1000 Hz 1001 Same
[EMU 0.005000]

----

1980 to 2020 HzI 2000 Hz 2000 Same
[EMU 0.010000]

-- -------~1-------

CHV 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave _ -_._-1----- ---

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500]

--_._---1---- ------

198.0 to 202.0 HzI 200.0 Hz 200.0 Same
[EMU 0.001000]

---

495.0 to 505.0 HzI 500.0 Hz 500.0 Same
[EMU 0.002500]

Remarks:

j"tlulCtllS CPM: Version 2.].2 (Pl'o!essiomll)

SI'C DU1: (9548AF3D-C74D-4C9F-AEEF-21EF560BC451) (c)

Doc DU1: (1269COB2-3A13-416A-B1BF-409D98BlDDDA) (0)

ATTACHMENT 2
Page 1 of2

Customer
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Test No. 573795
Asset No. 160024

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4

STEP FUNCTION NOMINAL Out CALIBRATION
AS FOUND AS LEFT of

NUM TESTED VALUE Tal TOLERANCE
1------ --- .-

CHV 990 to 1010 HzFrequency 1000 Hz 1000 Same
Sine Wave [El\1U 0.005000]

--_. ---- --

I 2000 Hz 2000 Same
1980 to 2020 Hz
[El\1U 0.010000]

--_.-

--

---- -- _.-

--- --

-- --

1-------- ._- --

-_.. ---- ~----

-----..-

-_ ..

.._------ -- ._-

f---- -- ._-

._-

--"-_. ---- --

--_.._---_._-.------ ..- .-_.. .._---_. _..-
Remarks:

MlltlClIlS CPM: Version2.2.2 (Professiol/al)

Sre DUI: (9548'fF3D-C74D-4C9F-AEEF-2IEF560BC451] (c)

Doc DUI: (1269COB2-3A 13-416A-B1BF-409D9887DDDA] (0)

GEOVision Report 9375-01 rev a
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SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.:
Serial no.:
By:

Counter mfg.:
Serial no.:
By:

Oyo
160024
Craig Branson

Hewlett-Packard
2626A09881
scs #S1-01252

3403
7/17/2009
7/17/2010

5335A
1/29/2009
7/29/2009

Hewlett-Packard
2652A25647
SCE #S1-01347

Signal generator mfg.:
Serial no.:
By:

SYSTEM SETTINGS:
Gain:
Filter
Range:
Delay:
Stack (1 std)
System date =correct date and time

8
10KHz
See sample period in table below
o

7/17/2009

3325A
5/4/2009
11/4/2009

/ c» 3"1
PROCEDURE:
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG .EXE program. note duration on data form, and save as
.sps tile. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*100)% As found o. /0 'I. As left o (0 .(

Target Actual Sample File Time for Average Time for Average Time for Average
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 9 cycles Frequency

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr (Hz) V (msec) V (Hz)
50.00 50.00 200 501 I~O t>O '0.00 1)10,00 ')0.00 18 t!J. ae» 5"0. DO

100.0 100.0 100 502 90,00 10",0 q e; 00 100.0 9o.o~ !O(!),O

200.0 200.0 50 503 '1'1,15 Z. 00. 'L ~ 5'.ot> z..oo,D 45".00 200,'0

500.0 500.0 20 504 t 'Zt .oo 5"'C'o.o t e.e» ~oe.o J 8. D 0 5"Do,o

1000 1000 10 505 '1. "olJ lOOt:) 9, c;"10 I a o I q 000 /000

2000 2000 5 506 1.(, "fOo 2....00" 4.50 0 Z.ooo 4,5"00 2,000

Calibrated by:

Witnessed by:

Craig Branson
Name

Robert Steller

7/17/2009
Date

7/17/2009

Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 July 21 , 2008
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APPENDIX E. LABORATORY SOIL TEST RESULTS



TABLE 1 SUMMARY OF LABORATORY TEST RESULTS

Project No. : 06-123-3 Project Name: ACTA 0. Heim Bridge Project
. .. ._-_.. ...._ ......... - ._----------- ----

Soil Soil-
Soil-

Moisture Soil- Moisture
Identification Total Unit Grain Size Sand Atterberg Soluble

Sample Content Pocket Minimum Soil- pH CT- Free
Boring No. Sample Depth (group symbol) Weight ASTM Torvane Shea r Distribution Equivalent Limits Sulfate

No. ASTM Penetrometer Resisivity 532 Chloride
ASTM

02216
02937 GR:SA:FI (CT-217) ASTM D4318

CT-532
Content

Content
D24881D2487 CT-417

CT-422
(ft) (%) (pel) (tsl) (Kg/cm2) ('X.) (LLlPLlPI) (ohm-em) (ppm) (ppm)

A-09-051 5-1 5 SM 11.3 1:75:24 2000 8.4 300 400
A-09-051 0-2 10 SM 24.1 127.8
A-09-051 5-3 15 SM 0:82:18
A-09-051 0-4 20 SM 22.6 127.5
A-09-051 5-5 25 SP-SM 0:94:6
A-09-051 0-6 30 ML 22.8 125.9 N.P
A-09-051 0-7 35 ML N.P
A-09-051 0-8 40 ML 26.0 124.5 N.P
A-09-051 5-9 45 ML 30.8 0:43:57 28/24/4
A-09-051 0-10 50 ML 26.7 122.5

A- t: cn con ..,-,. 3'uu u. <.u

A-09-0~N-3 15 SP 21.6 0:99:1 »>
A-09-052 0-4"- .... 20 SP-SM 22.7 125.4 »>
A-09-052 5-5 ~ SM 27.8 --A-09-052 0-6 30 -........ CL 0:38:62 41/24/17 ---A-09-052 5-7 35 1i7I1::-.... 33.5 4~
A-09-052 5-9 45 ML r--a:L.0 0:45:55 .--1-26/26/0
A-09-052 0-10 50 SM ....... '- <0.25 0:70:30 »>
A-09-053 5-1 5 SM ............... 2~ 430 7.8 730 1809
A-09-053 0-2 10 SP-SM 27.4 124.5 r--...... --I-

A-09-053 5-3 15 SP 24.5 ............... »> 0:97:3
A-09-053 0-4 20 SM 19.5 127.8 »> --..........
A-09-053 5-5 25 SP-SM 26.2 ~ --- 0:95:5
A-09-053 5-7 35 ML 32.7 »> IN-@.;a7 42/27/15
A-09-053 5-9 45 ML 29.9 -- 0:7:93 ....... ........... 46/29/17
A-09-054 5-'/ 5 ML --- 0:45:55 --- 780 7.9 420 817
A-09-054 5-3 15 Sy- 27.3 0:98:2 --..........
A-09-054 5-5 25 ~ SP 22.0 0:98:2 ...............
A-09-054 5-7 ~ ML 30.7 0:30:70 28/24/4 ..................
A-09-054 0-8,..,.,. ..- 40 ML 1.25 ---A-09-054.1--s:.9 45 ML 42.8 N.P. ...............
A-



ONE-DIMENSIONAL CONSOLIDATION OF SOIL
ASTM D-2435/ CT-219

Device No.:

0Constant load increment duration of 24 hours or multiples there for. Minium of two Time -deformation reading are required .

OTime-defonnation reading are required on all load increments. Successive load increments are applied after 100 % primary

consolidation is reached, or at constant time increments are described in Test Method {A}
1

Date: 11/13/2009

Date: 11/13/09-11/23/0

Date: 11/16/09, 11/18/0c

Date: 11/24/2009
Date: -'

J.F
J.F/R.J.

J.F

JF
R.J.

Set up By : _
Tested By : _

Time Rate Took By : _
Computer By : _

Checked By : _

: Dark gray, SANOY SILT (ML)

: A-09-051
: 0-8

: 40.0 112.20

: ACTAlSchuyler Heim Bridge Project

: 06-123-3

)roject Name

)roject No.

30ring No.

sample No.

)epth (ft 1m)

:i1e No.

soll Description

•1ethod (A)
>1ethod(B)

Sample (inch) (mm) Vertical Load ( ksf) (kPa) Vertical Load ( ksf ) ( Id'a )

Internal Diameter 2.42 61.47 Add Water at 0.50 23.94 Reload to

Height ( Intial ) 1.00 25.40 Load to 16.00 766.08 Rebound to
Height ( Final) 0.9537 24.22 Rebound to 0.25 11.97 Time rate taking at 1.00 47.70

Date Time
Elapsed Load Dial Reading Consol. Before After

Time (min.) ( ksf) I (kPa) (in) (mm) (%) Weight of wet soil + ring ( gm ) 199.15

11/13/2009 14:42 0:00:00 S.eating 0.04820 1.22 Weight of ring ( gm ) 42.95

L~ ad Weight of wet soil + ring + container ( gm ) 255.03
14:55 0.1 1'4.8 0.05000 1.27 0.00 Weight of dry soil + ring + container ( gm ) 226.83

No·1 83
1

Weight of container ( gm ) 58.80

11/14/2009 9:10 0:00:00 0.25 12.0 0.05270 1.34 0.27 Weight of ring + container ( gm ) 101.75

Moisture Content ( % ) 24.88 22.55

11/15/2009 9:42 0:00:00 0.50 23.9 0.05600 1.42 0.60 Dial Reading ( inch) 0.05 0.04
Add Wate Sample Volume ( ft3 ) 0.0027 0.0025

11/16/2009 8:35 0:00:00 0.50 23.9 0.05600 1.42 0.60

±~~I'
Wet Density ( pcf ) 129.4 133.1
Dry Density ( pcf ) 103.59 108.62

11/16/2009 8:38 0:00:00 1.00 47.9 0.05600 1.42 0.60 0.00
Date Time

Elapsed Load Dial Reading Consol.
0.10 1.0 47.9 0.05750 1.46 0.75 0.32 Time (min.) (ksf) (kPa) (in) (mm) (%)

0.25 1.0 47.9 0.0577 1.47 0.77 0.50 11/20/2009 8:30 8.00 383.0 0.0946 2.40 4.46

0.50 1.0 47.9 0.05800 1.47 0.80 0.71

1 1.0 47.9 0.05820 1.48 0.82 1.00 11/21/2009 8:36 16.00 766.1 0.1120 2.84 6.20

2 1.0 47.9 0.05840 1.48 0.84 1.41

4 1.0 47.9 0.05860 1.49 0.86 2.00 11/22/2009 8:42 2.00 95.8 0.1041 2.64 5.41
8 1.0 47.9 0.05880 1.49 0.88 2.83

15 1.0 47.9 0.05890 1.50 0.89 3.87 11/23/2009 8:40 0.25 12.0 0.0945 2.40 4.45
30 1.0 47.9 0.05900 1.50 0.90 5.48

60 1.0 47.9 0.05930 1.51 0.93 7.75

120 1.0 47.9 0.05950 1.51 0.95 10.95

240 1.0 47.9 0.05990 1.52 0.99 15.49

480 1.0 47.9 0.06040 1.53 1.04 21.91

11/17/2009 1440 1.0 47.9 0.06070 1.54 1.07 37.95

11/18/2009 8:34 0 2.0 95.8 0.06940 1.76 1.94

11/18/2009 8:42 0 4.0 191.5 0.0694 1.76 1.94

0.10 4.0 191.5 0.0752 1.91 2.52

0.25 4.0 191.5 0.0757 1.92 2.57

0.50 4.0 191.5 0.0764 1.94 2.64

1 4.0 191.5 0.0767 1.95 2.67

2 4.0 191.5 0.0771 1.96 2.71

4 4.0 191.5 0.0774 1.97 2.74

8 4.0 191.5 0.0777 1.97 2.77

15 4.0 191.5 0.0779 1.98 2.79

30 4.0 191.5 0.0783 1.99 2.83

60 4.0 191.5 0.0787 2.00 2.87

120 4.0 191.5 0.0792 2.01 2.92

240 4.0 191.5 0.0796 2.02 2.96

480 4.0 191.5 0.0802 2.04 3.02

11/19/09 1440 4.0 191.5 0.0805 2.04 3.05

Remark: Final Dial Reading 0.0945
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Compressive Stress in (ksf)

@lBoring No. : A-09-051 Liquid Limit: - Moisture Dry Density Percent Void

Sample No. : 0-8 Plastic Limit: - Content ('Yo) (pel) I (kN/m J
) Saturation Ratio

Depth I (ft)
: 40.0 41.5 Plastic Index: - 24.88 103.59 16.31 107.12 0.63

(m) : 12.20 12.66 Specific Gravity : 2.70 I Final 22.55 108.62 17.10 110.32 0.55

Description : Dark gray, SANOY S/L T (ML)

Earth Mechanics, Inc. ACTA/Schuyler Heim Bridge Project
Ceotcchnlcal and Earthquake Engineering

CONSOLIDATION TEST
06-123-3 11/24/09Project No. :

( ASTM D-2435 / CT-219)
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Time-Deformation Curve (Log of Time Method)

EMI Project No. : 06-123-3 Depth (ftlm): 40.0 12.2 Veriteal Load (ksf/kpa) : 1.00 47.9
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DIRECT SHEAR TEST

ASTM D-3080-04

Project No. : 06-123-3 Project Name: ACTA/Schuyler Heim Bridge Project

176.9

177.5

179.2

179.7

181.5

182.6

183.2

184.3

184.3

183.2

183.7

183.7

184.3

287.3

58.2

94.3

121.9

148.3

170.6

189.5

201.5

208.4

218.1

225.0

231.3

234.7

237.0

238.7

237.6

235.3

229.0

223.8

219.2

216.4

212.9

209.5

199.8

186.6

179.2

175.7

176.3

Data File Number: 0612301
Shear Rate (inch/min): 0.02

Specific Gravity (Assumed): 2.70

0.00

0.00

Residual

Consolidated-Drained

X Inundated

.l-:-~:-:-I--I 0.00 __-1-._-1-__1---1---+--1
0.00

Field Moisiture

Reshear

Remolded

Saturated

(kPa)

80.44

62.63

X Undisturbed

Strength (ksf)

Dry Density (pef/ kN/m3
)

Wet Density (pef/1<N/m3
)

Peak 1.68
·------I--.=.....j·--=-=:-=-::-I-~::-:-+-:-:-=-:,...,..I

Ultimate 1.31

Moistnre Content (%)

Weight ofCont. (gm)No.

Weight of Cont. (gm)No.

Weight of Wet Soil + Cont. (gm)

Weight of Ring (gm)

Weight of Soil + Ring (gm)

Dial Reading-Consolidation (inch)

Weight of Ring (gm)

Dry Density (pef/ kN/m3
)

Dry Density (pcf/ kN/m3
)

Moisture Content (%)

Moisture Content (%)

Wet Density (pef/ kN/m3
)

Weight of Dry Soil + Cont. (gm)

Weight of Wet Soil + Cont. (gm)

Weight of Ring (gm)

PercentSaturation ('Yo).

Prepared By: JF

Tested By: JF

Dial Reading-Consolidation (inch)

Weight of Dry Soil + Cont. (gm)

Percent Consolidation (%)

Height of Sample (inch)

Diameter of Sample (inch)

Dial Reading-Consolidation (inch)

Weight of Soil + Ring (gm)

Weight ofCont. (gm)No.

Diameter of Sample (inch)

Weight of Wet Soil + Cont. (gm)

Wet Density (pef/ kN/m3
)

Height of Sample (inch)

Weight of Dry Soil + Cont. (gm)

Checked By:

Height of Sample (inch)

Weight of Soil + Ring (gm)

Prepared By: JF

Tested By: JF

Diameter of Sample (inch)

Computed By: JF

Percent Consolidation (%)

Description :

Percent Saturation (%)

Depth (fUm) :

Sample No.:

Boring No.:
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Horizontal Deformation (inch)

Boring No. : A-09-051
Strength Intercept (C) :

0.00 (Ic;f) 0.07 (ksf)

Sample No. : 0-6 0.00 (kPa) Peak 3.26 (kl'a) Ultimate

Depth (ftIm) : 30.0 10.00 Friction Angle ( lb ) : 39.35 Degree 30.71 Degree

Description : Dark olive-gray, Poorly graded SAND with SILT (SP-SM) Shear Rate (inch/minule) : 0.02

MOISTURE DRY DENSITY VOID NORMAL STRESS PEAK STRESS ULTIMATE STRESS
SYMBOL

ICONTENT eX,) (pel) (kN/mJ
) RATIO (ksf) (I<1'a) (ksl) (kPa) (ksl) (kPa)

• 26.09 98.57 15.52 0.71 2.00 95.76 1.68 80.44 1.31 I 62.63., 26.03 98.28 15.47 0.72 4.00 191.52 3.13 149.96 2.34 112.04... 24.65 102.71 16.17 0.64 6.00 287.28 5.00 239.59 3.68 176.39

Earth Mechanics, Inc.
Geotechnical and Earthquake Engineering

DIRECT SHEAR TEST (ASTM D-3080)
Project No. : 06-123-3 Date: 11/30/09

Figure No. :



TABLE 1 SUMMARY OF LABORATORY TEST RESULTS

Project No. : 06-'123 3 Project Name: ACTA Heirn lridg" 'reject
.. _-- ... . ................... ...-_. ... .... . .....

Soil-
Soil-

Soil
Moisture Soil- Moisture

Sample
Identification

Content
Total Unit

Pocket
Grain Size Sand Atterberg

Minimum Soil- pH CT-
Soluble

Free
Boring No. Sample Depth (group symbol) Weight ASTM Torvane Shear Distribution Equivalent Limits Sulfate

No. ASTM Penetrometer Resisivity 532 Chloride
ASTM

02216
02937 GR:SA:FI (CT-217) ASTM D4318

CT-532
Content

Content
02488/02487 CT-417

CT-422
(ft) ("I.» (pet) (tsf) (Kg/em2) ("I..) (LLlPLlPI) (ohm-em) (ppm) (ppm)

A-O ..5 ~M -+1-:-3-- 1~24- raGG --&. o
A-09-051 0-2 1---40..-. SM 24.1 127.8 .._--1--

A-09-051 5-3 15 ~ 0:82:18 -~
A-09-051 0-4 20 SM 22.6 ~ ---A-09-051 5-5 25 SP-SM -- - u:t1<t:6
A-09-051 0-6 30 ML 22.8 125.9 -- - - N.P
A-09-051 0-7 35 ML -- r--- N.P
A-09-051 0-8 40 J4l- ~6.0 124.5 l'['"'- -A-09-051 5-9 ~ ML 30.8 0:43:57 28/24/4 ---A-O - .. -
A-09-052 5-1 5 SP-SM 1:94:5 1400 8.4 20 673
A-09-052 $-3 15 SP 21.6 0:99:1
A-09-052 0-4 20 SP-SM 22.7 125.4
A-09-052 $-5 25 SM 27.8
A-09-052 0-6 30 CL 0:38:62 41/24/17
A-09-052 5-7 35 ML 33.5 49/30/19
A-09-052 5-9 45 ML 31.0 0:45:55 26/26/0
A-09-052 0-10 50 SM <0.25 0:70:30
A-09- 9
A-09-053 ~t- 10 SP-SM 27.4 124.5 l.---"
A-09-053 5-3 10--- SP 24.5 0:97:3 -~A-09-053 0-4 20 ...,1'""- _ 19.5 127.8 --...-
A-09-053 5-5 25 SP-SM 262--- 0:95:5 ---A-09-053 5-7 35 ML 32.7 -- O~ 42/27/15
A-09-053 5-9 45 ML 29.9 --- --- 0:7:93 46/29/17
A-09-054 5-1 5 ML ---- --- 0:45:55 780 7.9 420 817
A-09-054 5-3 15 SP 27.3 --- O:~
A-09-054 5-5 25 SP 22Jl-I-- 0:98:2 ---A-09-054 5-7 35 .MJ--- 30.7 0:30:70 28/ 1'2r12i-.

A-09-054 0-8 4Q..--I- ML 1.25 -r---
A-09-054 .~r- 45 ML 42.8 N.P. -r---
A-O-irvv' ('I.~ ('1.('1('1 I ~ I"''''/~ I:: r--



REGULAR HYDROMETER TEST
ASTM D-422-63 (Reapproved 1990) / CT - 203

1 - 1

Project Name : ACTA/Schuyler Heim Bridge Project

Project No. : 06-123-3 Tested Standard: 0 ASTM [] CAL. TRANS.

Boring No. : A-09-052 Prepared By : PA Date:

Sample No. : 0-6 Tested By : PA Date:

Depth below Decl: 30.0 I Sieved By : RJ Date:

Description : Olive gray, SANOY Lean CLAY (CL) Calculated By : JF Date: 12107109

Deftocculnnt 125cc of 4% Sodium Hexametaphosphate Solution Checked By: R.J. Date:

SampleJar Hydrometer should passing (No.lO-ASTM) & (No.4 -Cal. Tnm.}, 65 gm forfine & 115 gmfor SI1I11!. 1

Setup Container No.:~ Sample Before Washing After Washing Specific Gravity

Test Cylinder No. : 7 No.8 & 10 Retained Hydrometer Retained Hydrometer 2.70
__..____._._______.____ I

Computer File No. :1 Tested Moisture Tested Moisture No.4&IO Sample Correction factor

Container No. S-11 S-19 26 S-13 for difference S.G .

Wt, of Wet Soil + Container (gm) 236.54 79.20 173.60 ....•...
.......•..•.- 0.99

Wt, of Dry Soil + Container (gm)
••••••••

....
173.10 152.75 Hydrometer Type

Wt, of Container (gm) 58.41 113.63 152H

Wt. of Dry Soil (gm) 235.51 78.86 39.12 (I() Value Temp.X'

Moisture Content ('%) 0.44 '. };ff'!i.)yf 0.01328 21.0

U.S.Sieve Cumulative Wt, Wt,ofDry IXI Finer Liquid U.S.Sieve CumulativeWeight Wt. ofDry IX. Finer '%Total
Size of Dry Soil(gm) Soil (gm) Than Limit Size of Dry Soil (gm) Soil (gm) Than Sample

2.5"
41

No.16 0.18 99.77 99.77

2.0" No. 20

1.5" Plastic No.30 0.29 99.63 99.63

1.0" Limit No.40

3/4"
24

No.50 0.61 99,23 99.23

112" No. 60

3/8" Plastic No.100 3.04 96.14 96.14
--

No.4 0.00 100.00 Index No.140
---._-------

No.8 0.04 99.95
17

No. 200 29.84 62.16 62.16
.......

I,});No.10 Pan ........•• '}.

Obersved EL. Temp. Hydrometer Reading 100 Ra 'v,. Total Grain
Correction Coefficient

Correction
Time Time (min.) ( oc)

Composite Correction --- Sample Diameter Dia. (mm)

(T)
Orginal

Correction (R)0:01 IV (mm) (K) (L) (D)

0:00:00 5.0
....• .... ··m'n·!l I)"'>··.;.! .nn.':/?1~13:34 ...... >".

2 21.0 33.0 5.0 28.0 35.15 35.15 0.05500 1328 11.7

5 21.0 27.0 5.0 22.0 27.62 27.62 0.03500 0.01328 12.7 0.02116

15 21.0 24.0 5.0 19.0 23.85 23.85 0.02000 0.01328 13.2 0.01245

30 22.0 21.0 5.0 16.0 20.09 20.09 0.01400 0.01328 13.7 0.00897

60 23.0 19.0 5.0 14.0 17.58 17.58 0.01000 0.01328 14.0 0.00642

120 23.0 17.0 5.0 12.0 15.07 15.07 0.00700 0.01328 14.3 0.00459

240 23.5 15.0 5.0 10.0 12.55 12.55 0.00500 0.01328 14.7 0.00322

1440 21.5 13.5 5.0 8.5 10.67 10.67 0.00100 0.01328 14.9 0.00135

IRetaining on #4 are shell fragments
Cn: Gravel Sand Fine

Rernark :
Ce: 0 38 62



II US .•StandardSieve.Sizes I Hydrometer Analysis
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~ ..'. I GraveL Sand I SilforClayI rnAf~p. Fine "'I,',' COarse I I Fine I

Symbol
Boring Sample Depth below

Soil Color Soil Description U.S.C.S.Number Number (ft)

• A-09-052 0-6 30.0 I olive gray Sandy lean clay CL

I
Remark Retaining on #4 are shell fragments

!~~:e:l~n~a~deE~~l:U:~:~:il~:~: ACTA/Schuyler Heim Bridge Project GRAIN SIZE ANALYSIS
(ASTM D-422-63)

Project No. : 06-123-3 I Date: 12/07/09 Figure No. :



1 - 1

REGULAR HYDROMETER TEST
ASTM D-422-63 (Reapproved 1990) / CT - 203

Project Name

Project No.

Boring No.

Sample No.

: ACTNSchuyler Heim Bridge Project

: 06-123-3

: A-09-052

: S-9

Tested Standard:

Prepared By : PA

Tested By : PA

ASTM [2] CAL. TRANS.

Date:

Date:

Depth below Ded: 45.0

Description : dark greenish gray, SANOY SILT (ML)

Deflocculant 125cc oj 4% Sodium Hexametaphosphate Soll/tion

SampleJar Hydrometer should passing (No.l0-ASTM) & (No.4 -Col. Trait). 65 gmfor fine & 115 gmfor Sand.

Sieved By: RJ

Calculated By : JF

Checked By: R.J.

Date:

Date: 12/07/09

Date:

1

Setup Container No. : S-17 Sample Before Washing After Washing Specific Gravity

Test Cylinder No. : 1 No.8 & 10 Retained Hydrometer Retained Hydrometer 2.70

Computer File No. :

Container No.

WI. of Wet Soil + Container (gm)

WI. of Dry Soil + Container (gm)

WI. of Container (gm)

WI. of Dry Soil (gm)

Moisture Content (%)

Tested Moisture Tested Moisture No.4 & 10 Correction factor

for difference S.G.

0.99

Hydrometer Type

152H

(K) Value Temp. DC

0.01328 21.0

>
U.S.Sieve Cumulative Weight %, Finer % TotalU.S. Sieve CumulativeWt. WI. ofDry % Finer WI. ofDry

Size ofDry Soil (gm) Soil (gm) Than I: Size of Dry Soil(gm) Soil(gm) Than Sample':

2.5"
26

No. 16 0.02 99.98 99.98

2.0" No. 20

1.5" P&r~l[ No. 30 0.04 99.95 99.95

1.0" No. 40

3/4"
26

No. 50 0.09 99.89 99.89

112" No. 60

3/8" No. 100 1.14 98.64 98.64

No.4 0.00 100.00 ,) No. 140

No.8 0.00 100.00
0

No. 200 38.05 . 54.73 '54.73

No. 10 Pan -
Obersved EL. Temp. Hydrometer Reading 100 Ra 1% Total Grain

Correction Coefficient
Correction

Time Timc(mln.) ( oC)
Composite Correction --- Sample Diameter Dia.(mm)

~ (T)
Orginal

Correction (R)

-w

~ •13:38 0:00:00 ,,:),)))':,,'':'' 5.0

2 21.0 26.0 5.0 21.0 24.74 24.74 0.05500 0.01328 12.9 0.03367

5 21.0 21.0 5.0 16.0 18.85 18.85 0.03500 0.01328 13.7 0.02196

15 21.0 18.0 5.0 13.0 15.31 15.31 0.02000 0.01328 14.2 0.01291

30 22.0 16.0 5.0 11.0 12.96 12.96 0.01400 0.01328 14.5 0.00923

60 23.0 15.0 5.0 10.0 11.78 11.78 0.01000 0.01328 14.7 0.00656

120 23.0 14.0 5.0 9.0 10.60 10.60 0.00700 0.01328 14.8 0.00467

240 23.5 13.0 5.0 8.0 9.42 9.42 0.00500 0.01328 15.0 0.00325

1440 21.5 12.0 5.0 7.0 8.25 8.25 0.00100 0.01328 15.1 0.00136

I Cu: 21.3 Gravel Sand Fine
Remark: I Retaining on #4 are shell fragments

Cc: 5.1 0 45 55
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ONE-DIMENSIONAL CONSOLIDATION OF SOIL
ASTM D-2435 I CT-219

Device No. : 4

oConstant load increment duration of 24 hours or multiples there for. Minium of two lime -deformation reading are required.

DTime-deformation reading are required on aJlload increments. Successive load increments are applied after 100 % primary

consolidation is reached, or at constant time increments are described in Test Method ( A )

Date: 11/13/2009
Date: 11/13/09-11/23/0

Date: 11/16/09,11/18/0

Date: 11/24/2009

Date: ---1

J.F

J.F/R.J.

J.F

JF

R.J.

Set up By :__---"-''---__

Tested By: _-----'------'------'-'---_
Time Rate Took By: __---=--'-'- _

Computer By: __--'---=- _
Checked By :__---=--"-'-__

: Gray, SANOY lean CLA Y (CL)

: A-09-052

: 06-123-3

: 0-6
: 30.0 [9.15

: ACTA/Schuyler Heim Bridge Project~rojectName

~rojectNo.

30ring No.

Sarnple No.

Jepth ( ftl m )

=ile No.

Soil Description

VIethod (A)
vlethod (B)

Sample ( inch) (mm) Vertical Load ( ksf) (kPa) Vertical Load ( ksf) (lU'a)
Internal Diameter 2.42 61.47 Add Water at 0.50 23.94 Reload to

Height ( Intial ) 1.00 25.40 Load to 16.00 766.08 Rebound to
Height ( Final) 0.9039 22.96 Rebound to 0.25 11.97 Time rate taking at 1.00 47.70

Date Time
Elapsed Load Dial Reading Consol. Before After

Time (min.) ( ksf) I (kPa) (in) (mm) (%) Weight of wet soil + ring ( gm ) 179.23

11/13/2009 14:43 0:00:00 Seating 0.04950 1.26 Weight of ring ( gm ) 42.97

Lead Weight of wet soil + ring + container ( gm ) 232.23

14:55 0.1 4.8 0.05000 1.27 0.00 Weight of dry soil + ring + container ( gm ) 198.94

No. 84 Weight of container ( gm ) 60.32
11/14/2009 9:10 0:00:00 0.25 12.0 0.05700 1.45 0.70 Weight of ring + container ( gm ) 103.29

Moisture Content ( % ) 42.46 34.80
11/15/2009 9:42 0:00:00 0.50 23.9 0.06280 1.60 1.28 Dial Reading ( inch) 0.05 0.04

Add Wale Sample Volume ( ft' ) 0.0027 0.0024

11/16/2009 8:35 0:00:00 0.50 23.9 0.06280 1.60 1.28 .:&:~~ Wet Density ( pcf) 112.9 118.1

Dry Density ( pcf) 79.22 87.64

11/16/2009 8:38 0:00:00 1.00 47.9 0.06280 1.60 1.28 0.00
Date Time Elapsed Load Dial Reading Consol.

0.10 1.0 47.9 0.06450 1.64 1.45 0.32 Time (min.) ( ksf) (kPa) (in) (mm) (%)

0.25 1.0 47.9 0.0650 1.65 1.50 0.50 11/20/2009 8:30 8.00 383.0 0.1543 3.92 10.43

0.50 1.0 47.9 0.06560 1.67 1.56 0.71

1 1.0 47.9 0.06640 1.69 1.64 1.00 11/21/2009 8:36 16.00 766.1 0.1895 4.81 13.95

2 1.0 47.9 0.06680 1.70 1.68 1.41

4 1.0 47.9 0.06710 1.70 1.71 2.00 11/22/2009 8:42 2.00 95.8 0.1774 4.51 12.74

8 1.0 47.9 0.06770 1.72 1.77 2.83

15 1.0 47.9 0.06805 1.73 1.80 3.87 11/23/2009 8:40 0.25 12.0 0.1456 3.70 9.56

30 1.0 47.9 0.06845 1.74 1.85 5.48

60 1.0 47.9 0.06910 1.76 1.91 7.75

120 1.0 47.9 0.06970 1.77 1.97 10.95

240 1.0 47.9 0.07050 1.79 2.05 15.49

480 1.0 47.9 0.07130 1.81 2.13 21.91

11/17/2009 1440 1.0 47.9 0.07190 1.83 2.19 37.95

11/18/2009 8:34 0 2.0 95.8 0.09770 2.48 4.77

11/18/2009 8:42 0 4.0 191.5 0.0977 2.48 4.77

0.10 4.0 191.5 0.1053 2.67 5.53

0.25 4.0 191.5 0.1068 2.71 5.68

0.50 4.0 191.5 0.1106 2.81 6.06

1 4.0 191.5 0.1130 2.87 6.30

2 4.0 191.5 0.1149 2.92 6.49

4 4.0 191.5 0.1161 2.95 6.61

8 4.0 191.5 0.1169 2.97 6.69

15 4.0 191.5 0.1176 2.99 6.76

30 4.0 191.5 0.1186 3.01 6.86

60 4.0 191.5 0.1197 3.04 6.97

120 4.0 191.5 0.1208 3.07 7.08

240 4.0 191.5 0.1219 3.10 7.19

480 4.0 191.5 0.1229 3.12 7.29

11/19/09 1440 4.0 191.5 0.1236 3.14 7.36

Remark: Final Dial Reading 0.1456
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: 30.0 I 31.5 Plastic Index: - 42.46 79.22 12.47 101.65 1.13
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CONSOLIDATION TEST
06-123-3 11/24/09Project No. :

(ASTM D-2435 / CT-219 )
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ONE-DIMENSIONAL CONSOLIDATION OF SOIL
ASTM D-2435/ CT-219

Device No. : 4

0Constant load increment duration of 24 hours or multiples there for. Minium of two Time -deformation reading are required.

DTime.deforrnation reading are required on all load increments. Successive load Increments are applied after 100 % primary

consolidation is reached, or at constant time increments are described in Test Method (A)

Date: 11/13/2009

Date: 11/13/09-11/23/0

Date: 11/16/09,11/18/0

Date: 11/24/2009

Date: -'

J.F

J.F/R.J.

J.F

JF

R.J.

Set up By : __---'--''--__

Tested By : __'-----'--''--_

Time Rate Took By : __--'---'--- _

CompurerBy: __--'-----'- _

Checked By : __'--":":"""__

: Dark gray, SANOY SIL T (ML)

: 0-8

: 40.0 112.20

: ACTA/Schuyler Heim Bridge Project

: A-09-052
: 06-123-3

lroject Name

lroject No.

30ring No.

lampIe No.

Jepth ( ft 1m)

:i1e No.

loil Description

vIethod (A)
vlethod (B)

Sample (inch) (mm) Vertical Load ( ksf ) (kPa) Vertical Load ( ksf) ( ItPa )

Internal Diameter 2.42 61.47 Add Water at 0.50 23.94 Reload to
Height ( 1ntial ) 1.00 25.40 Load to 16.00 766.08 Rebound to
Height ( Final) 0.9678 24.58 Rebound to 0.25 11.97 Time rate taking at 1.00 47.70

Date Time
Elapsed Load Dial Reading Consol. Before After

Time (min.) ( ksf) I (kPa) (in) (mm) ("!o) Weight of wet soil + ring ( gm ) 185.69

11/13/2009 14:43 0:00:00 .Seatillg 0.04990 1.27 Weight of ring ( gm ) 42.22
Lead

•••••
Weight of wet soil + ring + container ( gm ) 243.21

14:55 .0.1····· 4.8 0.05000 1.27 0.00 Weight of dry soil + ring + container ( gm ) 209.42

No·1 85 I Weight of container ( gm ) 59.32
11/14/2009 9:10 0:00:00 0.25 12.0 0.05190 1.32 0.19 Weight of ring + container ( gm ) 101.54

Moisture Content ( % ) 32.99 31.32
11/15/2009 9:42 0:00:00 0.50 23.9 0.05420 1.38 0.42 Dial Reading ( inch) 0.05 0.04

AddWate Sample Volume ( ft3 ) 0.0027 0.0026

11/16/2009 8:35 0:00:00 0.50 23.9 0.05430 1.38 0.43 SQRT Wet Density ( pcf ) 118.8 121.2
Time Dry Density ( pcf ) 89.35 92.32

11/16/2009 8:38 0:00:00 1.00 47.9 0.05430 1.38 0.43 0.00 Date Time Elapsed Load Dial Reading Cansol.---
0.10 1.0 47.9 0.05620 1.43 0.62 0.32 Tlrne Imln.) ( ksf) (kPa) (in) (mm) (%)

0.25 1.0 47.9 0.0563 1.43 0.63 0.50 11/2012009 8:30 8.00 383.0 0.0852 2.16 3.52

0.50 1.0 47.9 0.05640 1.43 0.64 0.71

1 1.0 47.9 0.05650 1.44 0.65 1.00 11/21/2009 8:36 16.00 766.1 0.0984 2.50 4.84
2 1.0 47.9 0.05670 1.44 0.67 1.41

4 1.0 47.9 0.05680 1.44 0.68 2.00 11/22/2009 8:42 2.00 95.8 0.0900 2.29 4.00
8 1.0 47.9 0.05690 1.45 0.69 2.83

15 1.0 47.9 0.05700 1.45 0.70 3.87 11/23/2009 8:40 0.25 12.0 0.0821 2.09 3.21
30 1.0 47.9 0.05710 1.45 0.71 5.48

60 1.0 47.9 0.05730 1.46 0.73 7.75

120 1.0 47.9 0.05740 1.46 0.74 10.95

240 1.0 47.9 0.05770 1.47 0.77 15.49

480 1.0 47.9 0.05810 1.48 0.81 21.91

11/17/2009 1440 1.0 47.9 0.05830 1.48 0.83 37.95

11/18/2009 8:34 0 2.0 95.8 0.06570 1.67 1.57

11/18/2009 8:42 0 4.0 191.5 0.0657 1.67 1.57

0.10 4.0 191.5 0.0705 1.79 2.05

0.25 4.0 191.5 0.0708 1.80 2.08

0.50 4.0 191.5 0.0711 1.81 2.11

1 4.0 191.5 0.0712 1.81 2.12

2 4.0 191.5 0.0714 1.81 2.14

4 4.0 191.5 0.0716 1.82 2.16

8 4.0 191.5 0.0718 1.82 2.18

15 4.0 191.5 0.0720 1.83 2.20

30 4.0 191.5 0.0722 1.83 2.22

60 4.0 191.5 0.0724 1.84 2.24

120 4.0 191.5 0.0728 1.85 2.28

240 4.0 191.5 0.0731 1.86 2.31

480 4.0 191.5 0.0734 1.86 2.34
1--

11/19/09 1440 4.0 191.5 0.0736 1.87 2.36

Remark: Final Dial Reading 0.0821
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Description : Dark gray, SANDY SILT (ML)
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Geotechnical and Eus-thquukc .Engineering

CONSOLIDATION TEST
06-123-3 11/24/09Project No. :

( ASTM D-2435 / CT-219 )
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Boring No. : A-09-052

Sample No.: D-B

One-Dimensional Consolidation of Soil
Time-Deformation Curve (Square Root of Time Method)

EMI Project No.: 06-123-3 Depth (ftlm): 40.0 12.2 Veritcal Load (ksf/kpa) : 4.0 191.5



DIRECT SHEAR TEST

ASTM D-3080-04

Project No. : 06-123-3 Project Name: ACTA/Schuyler Heim Bridge Project

Dial Reading-Consolidation (inch)

Dial Reading-Consolidation (inch)

84.1

109.3

134.5

131.7

129.4

126.5

127.7

127.7

127.7

128.2

127.7

128.2

128.2

128.2

128.2

127.7

127.7

127.1

126.5

125.9

125.9

124.2

123.1

121.4

121.9

121.4

121.4

121.4

124.8

131.1

138.0

143.7

146.5

149.4

150.5

149.4

148.3

146.0

143.7

139.1

191.5

2.82

2.76

2.71

2.65

2.68

2.68

2.68

2.69

2.68

2.69

2.69

2.69

2.69

2.68

2.68

2.66

2.65

2.64

2.64

2.60

2.58

2.54

2.56

2.54

2.54

2.54

2.62

2.75

2.89

3.01

3.07

3.13

3.16

3.13

3.11

3.06

3.01

2.92

1.76

2.29

63.8

60.3

62.6

60.3

60.3

61.5

62.6

60.3

62.6

60.3

64.4

65.5

63.8

61.5

60.3

63.8

71.8

63.8

63.2

60.9

62.6

60.3

60.9

64.4

60.3

63.8

68.4

75.3

69.5

63.8

76.4

77.6

67.2

75.3

77.6

73.0

70.1

43.1

54.6

73.0

\-I-+--+--I

1.31

1.33

1.33

1.31

1.33

1.34

1.26

1.26

1.27

1.28

1.26

1.31

1.40

1.33

1.26

1.60

1.50

1.33

1.26

1.26

1.26

1.26

1.43

1.28

1.34

1.46

1.27

1.31

1.52

1.33

0.90

1.14

1.37

1.45

1.57

1.62

1.52

1.57

1.62

Data File Number: 0612302

Specific Gravity (Assumed) : 2.70

Shear Rate (inch/min): 0.02

0.00

0.00

0.00

0.00

0.00

Shear

Deflection

Residual

X Inundated

Consolidated-Drained

Field Moisilure

Remolded

-I-:-=-=c=-II---:~,--I---I-------

(kPa)

44.24

35.05

Peak 0.92

Ultimate 0.73

Strength (IlSf)

Dry Density (per I kN/m')

Weight of Wet Soil + Cont. (gm)

Height of Sample (inch)

Wet Density (pcf I kN/m')

Weight ofCont. (gm)No.

Wet Density (per I kN/m')

Weight of Wet Soil + Cont. (gm)

Weight of Ring (gm)

Weight of Dry Soil + Cont. (gm)

Prepared By : JF

Tested By: JF

Moisture Content ("In)

Weight of Soil + Ring (gm)

Dial Reading-Consolidation (inch)

Wet Density (per / kN/m')

Diameter of Sample (inch)

Dry Density (per I kN/m')

Diameter of Sample (inch)

Dry Density (pcf I kN/m')

Weight ofCont. (gm)No.

Height of Sample (inch)

Weight of Dry Soil + Cont. (gm)

Weight of Dry Soil + Cont. (gm)

Moisture Content ("In)

Weight of Wet Soil + Cont. (gm)

Checked By:

Computed By : JF

Tested By: JF

Weight of Ring (gm)

Prepared By : JF

Weight of Ring (gm)

Height of Sample (inch)

Weight of Soil + Ring (gm)

Moisture Content ("In)

Weight of Soil + Ring (gm)

Diameter of Sample (inch)

Weight of Cont. (gm)No.

Percent Consolidation (%)

Percent Saturation (%)

Description: Gra

Boring No. : A-09-052 Saturated

Sample No. : 0-4 X Undisturbed

Depth (fUm): 20.0
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Horizontal Deformation (inch)

Boring No. : A-09-052 0.16 (1<51) 0.09 (ksl)

Sample No. : 0-4
Strength Intercept (C) :

7.47 (kPa) Peak 4.31 (kl'a)

Depth (ftlm) : 20.0 10.00 Friction Angle ( cP ) : 36.78 Degree 31.36 Degree

Description : Gray, Poorly graded SAND with SILT (SP-SM) Shear Rate (inch/minute) : 0.02

MOISTURE DRY DENSITY VOID NORMAL STRESS PEAK STRESS ULTIMATE STRESS
SYMBOL

CONTENT(%) (pel) (kN/m J
) RATIO (k51) (kPa) (ksl) (Id'a) (ksl) (kPa)

• 26.51 98.89 15.57 0.70 1.00 47.88 0.92 44.24 0.73 35.05.. 26.63 99.99 15.74 0.69 2.00 95.76 1.62 77.57 1.26 60.33... 25.78 99.44 15.65 0.70 4.00 191.52 3.16 151.11 2.54 121.81

Earth Mechanics, Inc.
Geotechnical and Earthquake Engineering

DIRECT SHEAR TEST (ASTM D-3080)
Project No. : 06-123-3 Date: 11/30/09

Figure No.:



TABLE 1 SUMMARY OF LABORATORY TEST RESULTS

Project No. : 06--123-3 Project Name: ACTA vC-I '" I'''' HeimI3ridge Project
._-_. _._..... ._- .._- _... __.. , _._- .... .._ ......_..... _.. ._. ... .... _.

Soil-
Soil-

Soil
Moisture Soil- Moisture

Sample
Identification

Content
Total Unit

Pocket
Grain Size Sand Atterberg

Minimum Soil- pH CT-
Soluble

Free
Boring No. Sample Depth (group symbol) Weight ASTM Torvane Shear Distribution Equivalent Limits Sulfate

No. ASTM Penetrometer Resisivity 532 Chloride
ASTM

D2216
02937 GR:SA:FI (CT-217) ASTM 04318

CT-532
Content

Content
02488/02487 CT-417

CT-422
(ft) ('X. ) (pcf) (tsl) (Kg/em2) (%) (LLlPLlPI) (ohm-em) (ppm) (ppm)

A-Oe rvc . 1 ~n :l-W --zeee 8.4 0
A-09-051 re-z; 10 8M 24.1 127.8 .------
A-09-051 5-3 ---.:t.5... 8M 0:82:18

------A-09-051 0-4 20 -- _____ 8M 22.6 127.5 ----A-09-051 5-5 25 8P-SM---.. 0:94:6 --A-09-051 0-6 30 ML 2L:-8---- 125.9 --- -- N.P
A-09-051 0-7 35 ML .---- -- V- N.P
A-09-051 0-8 40 ML 26.0 124.5 ---- ..-v- N.P
A-09-051 5-9 45 ML 30.8 ----t-- »-> 0:43:57 28/24/4
A-09-051 0-10 50 ML 26.7 122.5 V-I-

-------A-09-052 5-1 5 SP-SM ---- ~5 1400 8.4 20 673
A-09-052 5-3 15 SP 21.6 »-> 0:99:1 --. ----A-09-052 0-4 20 SP-SM zzs-: 125.4 ---- t--

A-09-052 5-5 25 8M.---""" 27.8 ----A-09-052 0-6 30 __I---' CL 0:38:62 41/24/17 ----A-09-052 5-7 .----'30 ML 33.5 49/30/19 ----A-09-052 .---$.!g""" 45 ML 31.0 0:45:55 26/26/0 ----A- ~" -u: " ...,,,...,,,

A-09-053 5-1 5 8M 20:49:31 430 7.8 730 1809
A-09-053 0-2 10 SP-SM 27.4 124.5
A-09-053 5-3 15 8P 24.5 0:97:3
A-09-053 0-4 20 SM 19.5 127.8
A-09-053 5-5 25 8P-8M 26.2 0:95:5
A-09-053 5-7 35 ML 32.7 0:13:87 42/27/15
A-09-053 5-9 45 ML 29.9 0:7:93 46/29/17
A-O,,- - v ..,~
A-09-054 5-3 10 QC 27.3 0:98:2
A-09-054 5-5 25 8P 22.u ·nQ·

A-09-054 5-7 35 ML 30.7 0:30:70 28/24/4
A-09-054 0-8 40 ML 1.25
A-09-054 5-9 4" 'VIL. 42.8 N.P.
A-09-·



REGULAR HYDROMETER TEST
ASTM D-422-63 (Reapproved ]990) / CT - 203

1 - 1

Project Name : ACTA/Schuyler Heim Bridge Project

Project No. : 06-123-3 Tested Standard: 0 ASTM [] CAL. TRANS.

Boring No. : A-09-053 Prepared By : PA Date:
-

Sample No. : S-7 Tested By : PA Date:

Depth below Dccl: 35.0 1 Sieved By : RJ Date:

Description : dark greenish gray, SIL T (ML) Calculated By : JF Date: 12107109

Deflocculttnt 125cc oj 4% Sodium Hexnmetnphosphntc SO/lilian Checked By: RJ. Date:

Sample for Hydrometer should passing (No.JO-ASTM) & (No.4 -Cal. Trun.), 65 gm for fine & 115 gm for SII/U/. 1

Setup Container No. : S-14 Sample Before Washing After Washing Specific Gravity

Test Cylinder No. : 3 No.8 & 10 Retained Hydrometer Retained Hydrometer 2.70

Computer File No. : Tested Moisture Tested Moisture No.4&10 Sample Correction factor

Container No. S-11 S-17 27 S-15 for difference S.G.

Wt. of Wet Soil + Container (gm) 287.08 66.09 177.80 •••• <icier 0.99..':

Wt. of Dry Soil + Container (gm) 176.85 129.96 Hydrometer Type

Wt, of Container (gm) 57.68 114.75 152H

Wt. of Dry Soil (gm) 284.81 65.57 15.21 (K) Value Temp. ·C

Moisture Content (01<,) 0.80 ·.;\i' 0.01328 21.0

U.S. Sieve CumulativeWI. Wt.ofDry %1 Finer Liquid U.S. Sieve CumulativeWeight WI.ofDry 'X) Finer 'XlTotal
Size of Dry Soil (gm) Soil(gm) Than Limit Size ofDry Soil(gm) Soil(gm) Than Sample

2.5"
42

No. 16 0.01 99.98 99.98

2.0" No. 20

1.5" Plastic No.30 0.02 99.97 99.97
-- -----_.~~-

1.0" Limit No. 40
----_._--

3/4"
27

No.50 0.07 99.89 99.89

1/2" No. 60

3/8" Plastic No. 100 0.59 99.10 99.10

No.4 0.00 100.00 Index No. 140

No.8 0.00 100.00
15

No. 200 8.54 86.98 86.98

No.IO Pan ····./ri, Il\;> .">
1;<

Obersved EL. Temp. Hydrometer Reading 100 Ra % Total Grain
Correction Coefficient

Correction
Time Time (min.) ( oc)

Composite --- Sample Diameter Dia. (mrn)
Correction

(T)
Orglnnl

Correction (R)0:01 w (mm) (K) (L) (D)

0:00:00 5.0
,.,

13:42
•• 'f

2 21.0 41.0 5.0 36.0 54.36 54.36 0.05500 0.01328 10.4 n n~n?7

5 21.0 34.0 5.0 29.0 43.79 43.79 0.03500 0.01328 11.5 0,020 1R

15 21.0 28.0 5.0 23.0 34.73 34.73 0.02000 0.01328 12.5 0.01214

30 22.0 25.0 5.0 20.0 30.20 30.20 0.01400 0.01328 13.0 0.00875

60 23.0 22.0 5.0 17.0 25.67 25.67 0.01000 0.01328 13.5 0.00630

120 23.0 20.0 5.0 15.0 22.65 22.65 0.00700 0.01328 13.8 0.00451

240 23.5 18.0 5.0 13.0 19.63 19.63 0.00500 0.01328 14.2 0.00316

1440 21.5 16.0 5.0 11.0 16.61 16.61 0.00100 0.01328 14.5 0.00133

I
ClI: Gravel Sand Fine

Remark :
Cc: 0 13 87
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Symbol
Boring Sample Depth

Soil Color Soil Description U.S.C.S.Number Number (ft)

• A-09-053 S-7 35.0 dark greenish gray Silt ML

Remark 0.00

d,Ai~r:-!. Earth Mechanics, Inc. ACTA/Schuyler Heim Bridge Project GRAIN SIZE ANALYSIS
~~f Geotechnical and Earthquake Engineering (ASTM D-422-63)

Project No. : 06-123-3 I Date: 12/07/09 Figure No.:



1 - 1

REGULAR HYDROMETER TEST
ASTM D-422-63 (Reapproved 1990) / CT - 203

Project Name

Project No.

: ACTA/Schuyler Heim Bridge Project

: 06-123-3 Tested Standard: 0 ASTM 0 CAL. TRANS.

Boring No.

Sample No.

: A-09-053

: S-9

Prepared By : PA

Tested By: PA

Date:

Date:

Depth below Dec] : 45.0

Description : dark olive gray, SILT (ML)

Deflocculont 125cc oj 4% Sodium Hexametaphosphate Solution

SamplejorHydrometershouldpassing(No.10-ASTM) & (No.4-Cal. Tran.), 65 gmjorfine & 115 gmjorSand.

Sieved By : RJ

Calculated By : JF

Checked By: R.J.

Date:

Date: 12107109

Date:

1

Setup Container No. : J-18 Sample Before Washing After Washing Specific Gravity

Test Cylinder No. : 6 No.8 & 10 Retained Hydrometer Retained Hydrometer 2.70

Computer File No. : Tested Moisture Tested Moisture No.4 & 10 Sample Correction factor

Container No.

Wt. of Wet Soil + Container (gm)

Wt, of Dry Soil + Container (gm)

Wt. of Container (gm)

Wt. of Dry Soil (gm)

Moisture Content (%)

for difference S.G.

0.99

Hydrometer Type

152H

(K) Value Temp. DC

0.01328 21.0

U.S.Sieve Cumulative WI. WI. ofDry %1 Finer ~t:p U.S.Sieve CumulativeWeight Wt. of Dry 'Yc) Finer '10 Total
Size of Dry Soil(gm) Soil(gm) Than Size ofDry Soil(gm) Soil(gm) Than Sample

2.5"
46

No. 16 0.01 99.98 99.98

2.0" No. 20

1.5" " No. 30 0.03 99.95 99.95

~i::~)\1.0" No. 40

3/4"
29

No. 50 0.05 99.92 99.92

1/2" No. 60

3/8" ''., No. 100 0.21 99.68 99.68:.t'hl,SP~

No.4 0.00 100.00 \,. ;< No. 140

No.8 0.00 100.00
17

No. 200 4.31 93.41

No. 10 Pan ---
Obersved EL. Temp. Hydrometer Reading 100 Ra % Total Grain

Correetion Coefficient
Correction

Time Timc(mln.) ( oc)
Composite Correction --- Sample Diameter Dia.(mm)

(T)
Orginal

Correction (R) w (mm) (K) (L) (D)

13:46 0:00:00 5.0 llill I I -2 21.0 57.0 5.0 52.0 78.71 78.71 0.05500 0.01328 7.8 0.02617

5 21.0 50.0 5.0 45.0 68.12 68.12 0.03500 0.01328 8.9 0.01774

15 21.0 46.0 5.0 41.0 62.06 62.06 0.02000 0.01328 9.6 0.01061

30 22.0 40.0 5.0 35.0 52.98 52.98 0.01400 0.01328 10.6 0.00788

60 23.0 33.0 5.0 28.0 42.38 42.38 0.01000 0.01328 11.7 0.00587

120 23.0 28.0 5.0 23.0 34.82 34.82 0.00700 0.01328 12.5 0.00429

240 23.5 24.0 5.0 19.0 28.76 28.76 0.00500 0.01328 13.2 0.00305

1440 21.5 18.0 5.0 13.0 19.68 19.68 0.00100 0.01328 14.2 0.00132

I Cu: Gravel Sand Fine
Rernark :

I Cc : 0 7 93



II USSflllldllrdSieveSizes I Hydrometer'Analysis
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Symbol
Boring Sample Depth

Soil Color Soil Description U.S.C.S.
Number Number (ft)

• A-09-053 S-9 45.0 dark olive gray Silt ML

Remark 0.00

.'I.AI~A! Earth Mechanics, Inc. ACTA/Schuyler Heim Bridge Project GRAIN SIZE ANALYSIS
·~V Gentechnical and Earthquake Engineering (ASTM D-422-63)

Project No. : 06-123-3 I Date: 12/07/09 Figure No,:



ONE-DIMENSIONAL CONSOLIDATION OF SOIL
ASTM D-2435/ CT-219

Device No. : 4

[2]Constant load increment duration of 24 hours or multiples there for. Minium of two Time -deformation reading are required.

DTime-deformation reading are required on all load increments. Successive load increments are applied after 100 % primary

consolidation is reached, or at constant time increments are described in Test Method ( A )

Date: 11/13/2009

Date : 11/13/09-11/23/0f
Date: 11/16/09, 11/18/0f
Date: 11/24/2009

Date: "

J.F/R.J.

J.F

JF

Set up By : _

Tested By : _

Time Rate Took By : _

Computer By : _

Checked By : -'--__

:40.0 112.20

: 0-8

: Dark gray, SANOY SIL T (ML)

: A-09-053

: 06-123-3

: ACTA/Schuyler Heim Bridge ProjectProject Name

Project No.

Boring No.

Sample No.

Depth ( ft / m )

File No.

Soil Description
Method (A)
Method (B)

Sample (inch) (mm) Vertical Load ( ksf) (kPa) Vertical Load ( l{Sf) (Id'a)

Internal Diameter 2.42 61.47 Add Water at 0.50 23.94 Reload to
Height ( lntial ) 1.00 25.40 Load to 16.00 766.08 Rebound to
Height ( Final) 0.9588 24.35 Rebound to 0.25 11.97 Time rate taking at 1.00 47.70

Date Time
Elapsed Load Dial Reading Consol. Before After

Time (min.) ( ksf) I (kPa) (in) (mm) (%) Weight of wet soil + ring ( gm ) 193.94

11/13/2009 14:50 0:00:00 ......sr:~dg, .., .. 0.04970 1.26 Weight of ring ( gm) 43.63
Weight of wet soil + ring + container ( gm ) 252.39

15:03:00 PM 0.1 1··.4.8 0.05000 1.27 0.00 Weight of dry soil + ring + container ( gm ) 219.19
No. 86 Weight of container ( gm ) 60.06

11/14/2009 9:10 0:00:00 0.25 12.0 0.05340 1.36 0.34 Weight of ring + container ( gm ) 103.69---
Moisture Content ( % ) 30.14 28.74

11/15/2009 9:42 0:00:00 0.50 23.9 0.05630 1.43 0.63 Dial Reading ( inch) 0.05 0.04
Add Wets Sample Volume ( ft3 ) 0.0027 0.0026

11/16/2009 8:35 0:00:00 0.50 23.9 0.05600 1.42 0.60 SQ~T Wet Density ( pet) 124.5 128.4
Time Dry Density ( pcf) 95.66 99.77

.11/16/2009 8:38 0:00:00 1.00 47.9 0.05600 1.42 0.60 0.00
Date Time Elapsed Load Dial Reading Consol.

0.10 1.0 47.9 0.05770 1.47 0.77 0.32 Time (min.) (ksf) (kPa) (in) (mm) (%)

0.25 1.0 47.9 0.0579 1.47 0.79 0.50 11/20/2009 8:30 8.00 383.0 0.0973 2.47 4.73

0.50 1.0 47.9 0.05810 1.48 0.81 0.71

1 1.0 47.9 0.05820 1.48 0.82 1.00 11/21/2009 8:36 16.00 766.1 0.1150 2.92 6.50
2 1.0 47.9 0.05840 1.48 0.84 1.41

4 1.0 47.9 0.05850 1.49 0.85 2.00 11/22/2009 8:42 2.00 95.8 0.1044 2.65 5.44
8 1.0 47.9 0.05860 1.49 0.86 2.83

15 1.0 47.9 0.05870 1.49 0.87 3.87 11/23/2009 8:40 0.25 12.0 0.0909 2.31 4.09
30 1.0 47.9 0.05880 1.49 0.88 5.48

60 1.0 47.9 0.05890 1.50 0.89 7.75

120 1.0 47.9 0.05910 1.50 0.91 10.95

240 1.0 47.9 0.05930 1.51 0.93 15.49

480 1.0 47.9 0.05950 1.51 0.95 21.91

11/17/2009 1440 1.0 47.9 0.06000 1.52 1.00 37.95

11/18/2009 8:34 0 2.0 95.8 0.07050 1.79 2.05

11/18/2009 8:42 0 4.0 191.5 0.0705 1.79 2.05

0.10 4.0 191.5 0.0759 1.93 2.59

0.25 4.0 191.5 0.0769 1.95 2.69

0.50 4.0 191.5 0.0777 1.97 2.77

1 4.0 191.5 0.0781 1.98 2.81

2 4.0 191.5 0.0784 1.99 2.84

4 4.0 191.5 0.0787 2.00 2.87

8 4.0 191.5 0.0791 2.01 2.91

15 4.0 191.5 0.0793 2.01 2.93

30 4.0 191.5 0.0796 2.02 2.96

60 4.0 191.5 0.0799 2.03 2.99

120 4.0 191.5 0.0802 2.04 3.02

240 4.0 191.5 0.0807 2.05 3.07

480 4.0 191.5 0.0812 2.06 3.12

11119109 1440 4.0 191.5 0.0816 2.07 3.16

Remark: Final Dial Reading 0.0909
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ONE-DIMENSIONAL CONSOLIDATION OF SOIL
ASTM D-2435/ CT-219

Device No.:

0Constant load increment duration of 24 hours or multiples there for. Minium of two Time -deformation reading are required.

DTime-deformation reading are required on all load increments. Successive load increments are applied after 100 % primary

consolidation is reached, or at constant time increments are described in Test Method ( A )
1

Date: 11/13/2009
Date : 11/13/09-11/23/0f
Date: 11/16/09, 11/18/0f
Date: 11/24/2009
Date:

-------'

J.F/R.J.
J.F
JF

R.J.

Set up By : __-=.:-'--__

Tested By: _--=':":"":":"':':'::"--_

Time Rate Took By : __-=.:-'--__

Computer By: __-..::.:.- _
Checked By: __--'-"e::.:..-__

: Dark gray, SILT with SAND (ML)

: 50.0 115.25

: A-09-053
: 0-10

: 06-123-3

: ACTNSchuyler Heim Bridge ProjectProject Name
Project No.
Boring No.
Sample No.
Depth ( ft 1m)

File No.

Soil Description
Method (A)
Method (B)

Sample (inch) (mm) Vertical Load ( ksf) (kPa) Vertical Load ( ksf) (kPa)

Internal Diameter 2.42 61.47 Add Water at 0.50 23.94 Reload to
Height ( Intial ) 1.00 25.40 Load to 16.00 766.08 Rebound to
Height ( Final) 0.9297 23.61 Rebound to 0.25 11.97 Time rate taking at 1.00 47.70

Date Time
Elapsed Load Dial Reading Consolo Before After

Time (rnln.) ( ksf) I (kPa) (in) (mm) (%) Weight of wet soil + ring ( gm ) 191.36

11/13/2009 14:55 0:00:00 Seating 0.04980 1.26 Weight of ring (gm) 43.40

Load. Weight of wet soil + ring + container ( gm ) 246.58
15:05 :0.1 .ill 0.05000 1.27 0.00 Weight of dry soil + ring + container ( gm ) 216.82

No. 87 Weight of container ( gm ) 59.79
11/14/2009 9:10 0:00:00 0.25 12.0 0.05530 1.40 0.53 Weight of ring + container ( gm ) 103.19

Moisture Content ( % ) 30.21 26.19
11/15/2009 9:42 0:00:00 0.50 23.9 0.05930 1.51 0.93 Dial Reading ( inch) 0.05 0.04

Add Wale Sample Volume ( ft' ) 0.0027 0.0025

11/16/2009 8:35 0:00:00 0.50 23.9 0.05930 1.51 0.93 ±~~i
Wet Density ( pcf) 122.5 127.7
Dry Density ( pef) 94.11 101.23

11/16/2009 8:44 0:00:00 1.00 47.9 0.05930 1.51 0.93 0.00
Date Time

Elapsed Load Dial Reading Consol.
0.10 1.0 47.9 0.05950 1.51 0.95 0.32 Time (min.) (ksf) (kPa) (in) (mm) (%)

0.25 1.0 47.9 0.0597 1.52 0.97 0.50 11/20/2009 8:30 8.00 383.0 0.1220 3.10 7.20

0.50 1.0 47.9 0.06000 1.52 1.00 0.71

1 1.0 47.9 0.06040 1.53 1.04 1.00 11/21/2009 8:36 16.00 766.1 0.1457 3.70 9.57
2 1.0 47.9 0.06080 1.54 1.08 1.41

4 1.0 47.9 0.06120 1.55 1.12 2.00 11/2212009 8:42 2.00 95.8 0.1365 3.47 8.65
8 1.0 47.9 0.06160 1.56 1.16 2.83

15 1.0 47.9 0.06210 1.58 1.21 3.87 11/23/2009 8:40 0.25 12.0 0.1201 3.05 7.01
30 1.0 47.9 0.06260 1.59 1.26 5.48

60 1.0 47.9 0.06310 1.60 1.31 7.75

120 1.0 47.9 0.06360 1.62 1.36 10.95

240 1.0 47.9 0.06460 1.64 1.46 15.49

480 1.0 47.9 0.06570 1.67 1.57 21.91

11/17/2009 1440 1.0 47.9 0.06620 1.68 1.62 37.95

11/18/2009 8:34 0 2.0 95.8 0.08240 2.09 3.24

11/18/2009 8:42 0 4.0 191.5 0.0824 2.09 3.24

0.10 4.0 191.5 0.0831 2.11 3.31

0.25 4.0 191.5 0.0860 2.18 3.60

0.50 4.0 191.5 0.0885 2.25 3.85

1 4.0 191.5 0.0897 2.28 3.97

2 4.0 191.5 0.0908 2.31 4.08

4 4.0 191.5 0.0923 2.34 4.23

8 4.0 191.5 0.0928 2.36 4.28

15 4.0 191.5 0.0935 2.37 4.35

30 4.0 191.5 0.0945 2.40 4.45

60 4.0 191.5 0.0953 2.42 4.53

120 4.0 191.5 0.0961 2.44 4.61

240 4.0 191.5 0.0972 2.47 4.72

480 4.0 191.5 0.0980 2.49 4.80

11/19/09 1440 4.0 191.5 0.0987 2.51 4.87

Remark: Final Dial Reading 0.1201
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Boring No. : A-09-053 Liqnid Limit: - Moisture Dry Density Percent Void

Sample No. : 0-10 Plastic Limit: - Content ('X,) (pef) (kNlm J
) Saturation Ratio
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Description : Dark gray, SIL T with SAND (ML)
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CONSOLIDATION TEST
06-123-3 11/24/09Project No. :
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DIRECT SHEAR TEST

ASTM D-3080-04

Project No. : 06-123-3 Project Name: ACTA/Schuyler Heim Bridge Project

Boring No. : A-09-053 Saturated Field Moisiture X Inundated Specific Gravity (Assumed): 2.70

Dial Reading-Consolidation (inch)
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129.9

146.0

140.2

132.2

129.4

129.9

129.9

129.9

128.2
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127.7

146.0

148.3

148.3

132.2

138.5

143.1

121.4

128.0

71.6

96.2

111.6'

191.5

2.65

2.65

2.65

2.64

2.71

2.71

2.70

2.68

2.68

2.68

2.71

2.72

2.70

2.71
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2.72

2.72
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2.68
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2.66

2.70
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3.06

2.94

2.77
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2.90

3.00

2.54

2.68

1.50

2.02

2.34

3.06

3.11

3.11

60.3
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60.9

60.3

60.9

60.9

60.3

60.9
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60.3

60.3

60.3

60.3

78.1

77.6

62.1

75.3

71.8

62.6

60.3

60.3

60.3

60.3

60.3

60.3

60.3

60.3

60.3

64.4

68.4

60.3

62.6

66.1

60.3

71.8

60.9

60.3

80.4

80.4

1.26

1.30

1.26

1.50

1.26

1.50

1.26

1.27
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1.27
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1.26
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1.26

1.26
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1.43

1.26

1.31

1.27

1.63

1.31

1.57

1.38

1.34

1.62

1.68

1.68

9721--_-1---1 15001--_1----1
1308 2016
1500 23401----+---~
1632 2544
1680 2684~--r----1
1680 2772

I--~--I-~-I

1620 2904
1572 30001----+---~
1500 3060

I--~--I-~-I

1428 3108
1380 31081--1-----1
1344 3060

I--~--I-~-I

1308 2940
1296 2772~--+----1
1272 2688
1260 26641------I-~~

1260 2676
1260 2676~--r----1
1260 2700
1260 2712 I----II--~I

1260 2724
1---+---1

1260 2724
1260 2724~--r--4
1260 2712

1---+---1
1260 2724

I--~+-----I
1260 2724
1260 2724~--+---1
1260 2712

I--~--I-~-I

1260 2724
1260 2700~--+----1
1260 2712

I--~--I-~-I

1260 2712
1272 2700~--+----1
1272 2676

I-~-l-~-I

1272 2676
1272 2676~--+----1
1272 2652
1272 26521--1---1

1260 2652
1260 2640~--+----1

Shear Rate (inch/min): 0.02

Normal Stress (psfl]{sf/kPa)

Data File Number: 0612303

0.59 28.2

0.73 35.0

0.83 39.6

0.86 41.4

0.86 41.4

0.85 40.8

0.82 39.1

0.79 37.9

0.78 37.3

0.78 37.3

0.78 37.3

0.77 36.8

0.78 37.3

0.76 36.2

0.77 36.8

0.77 36.8

0.76 36.2

0.76 36.2

0.76 36.2

0.76 36.2

0.74 35.6

0.74 35.6

0.74 35.6

0.73 35.0

0.73 35.0

0.73 35.0

0.72 34.5

0.71 33.9

0.71 33.9

0.71 33.9

0.71 33.9

0.71 33.9

0.71 33.9

0.71 33.9

0.70 33.3

0.71 33.9

0.70 33.3

0.70 33.3

0.70 33.3

0.68 32.7

0.00

Shear

Deflection 1000

(inch) (mm)

Consolidated-Drained

Residual

(ksf) I (kPa) 0.00

3.11 1148.81 __ 0.00 __ ._--I-__I ~__
~ 126.40 0.00

0.010 0.03 588
0.020 0.05 732
0.030 0.08 828
0.040 0.10 864
0.050 0.13 864
0.060 0.15 852
0.070 0.18 816
0.080 0.20 792
0.090 0.23 780
0.100 0.25 780
0.110 0.28 780
0.120 0.30 768
0.130 0.33 780
0.140 0.36 756
0.150 0.38 768
0.160 0.41 768
0.170 0.43 756
0.180 0.46 756
0.190 0.48 756
0.200 0.51 756
0.210 0.53 744
0.220 0.56 744

~~~~~--I 0.230 0.58 744
0.240 0.61 732
0.250 0.64 732
0.260 0.66 732
0.270 0.69 720
0.280 0.71 708
0.290 0.74 708
0.300 0.76 708
0.310 0.79 708
0.320 0.81 708
0.330 0.84 708
0.340 0.86 708
0.350 0.89 696
0.360 0.91 708
0.370 0.94 696
0.380 0.97 696
0.390 0.99 696
0.400 1.02 684

0.00

Remolded

Reshear

(kPa)

41.37

32.75

Strength (ksf )

Dry Density (per/ltNlmJ
)

Peak 0.86
-----

Ultimate 0.68

Weight of Dry Soil + Cont. (gm)

Weight of Cont. (gm)No.

Percent Satllratioi1(%)

Prepared By : JF
Tested By: JF

Diameter of Sample (inch)

Weight of Ring (gm)

Moisture Content (%)

Weight of Ring (gm)

Percent Consolidation (%)

PercenlSaturlitioll(%) 69.29

Prepared By: JF
Tested By : JF

Weight of Dry Soil + Cont. (gm)

Weight of Wet Soil + Cont. (gm)

Moisture Content ("In)

Diameter of Sample (inch)

Height of Sample (inch)

Height of Sample (inch)

Dry Density (per/ kN/mJ
)

Wet Density (per/ kNlmJ
)

Moisture Content (%)

Weight of Soil + Ring (gm)

Wet Density (per/ltN/mJ
)

Dry Density (per/ kN/mJ
)

Diameter of Sample (inch)

Weight ofCont. (gm)No.

Checked By:

Weight of Wet Soil + Cont. (gm)

Computed By : JF

Weight of Ring (gm)

Tested By : JF

Weight of Dry Soil + Cont. (gm)

Weight of Soil + Ring (gm)

Prepared By : JF

Dial Reading-Consolidation (inch)

Wet Density (per/ltN/mJ
)

Weight of Wet Soil + Cont. (gm)

Dial Reading-Consolidation (inch)

Weight ofCont. (gm)No.

Weight of Soil + Ring (gm)

Height of Sample (inch)

Description: Dark

Percent Consolidation (%)

PercentSaruratiunissj

Sample No. : 0-2 X Undisturbed

Depth (ftlrn): 10.0 x Shear Once
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Horizontal Deformation (inch)

Boring No. : A-09-053
Strength Intercept (C) :

0.15 (ksf) 0.00 (ksf)

Sample No. : 0-2 7.18 (kPa) Peak 0.00 (kPa)

Depth (ftlm) : 10.0 10.00 Friction Angle ( Ii> ) : 36.62 Degree 33.24 Degree

Description : Dark grayish brown, Poorly graded SAND with SILT (SP-SM) Shear Rate (inch/minute) : 0.02

MOISTURE DRY DENSITY VOID NORMAL STRESS PEAK STRESS ULTIMATE STRESS
SYMBOL

(kN/m3
)CONTENT ('X.) (pel) RATIO (ksf) (ItPa) (ksf) (kPa) (ksf) (kPa)

• 27.45 99.53 15.67 0.69 1.00 47.88 0.86 41.37 0.68 32.75

• 8.59 126.30 19.88 0.33 2.00 95.76 1.68 80.44 1.26 60.33

A 28.28 97.58 15.36 0.73 4.00 191.52 3.11 148.81 2.64 126.40

Earth Mechanics, Inc.
Geotechnical and Earthquake Engineering

Project No. : 06-123-3 Date: 11/30/09

DIRECT SHEAR TEST (ASTM D-3080)

Figure No. :



DIRECT SHEAR TEST

ASTM D-3080-04

Project No. : 06-123-3 Project Name : ACTA/Schuyler Heim Bridge Project

Boring No. : A-09-053 Saturated Field Molslture X Inundated Specific Gravity (Assumed): 2.70

Sample No. : 0-6 X Undisturbed Remolded Consolidated-Drained Shear Rate (inch/min): 0.02

Depth (ftlm) : 30.0 x Shear Once Reshear Residual Data File Number: 0911804

Description: Gra, SILTY SAND SM

Dial Reading-Consolidation (inch)

Moisture Content (%)

Wet Density (pef / kN/mJ
)

77.0

89.1

99.4

118.4

117.8

120.1

117.2

118.4

120.1

57.5

120.1

118.9

117.2

117.2

116.6

120.7

120.7

118.9

120.7

119.5

118.9

118.4

112.0

106.3

122.4

123.5

119.5

119.5

119.5

125.8

128.1

127.6

128.1

123.5

128.7

128.7

125.3

116.6

126.4

2.48

2.46

2.47

2.44

2.45

2.51

2.47

2.51

2.47

2.48

2.51

2.45

2.50

2.48

2.45

2.50

2.50

2.68

2.50

2.69

2.66

2.52

2.56

2.52

2.63

2.58

1.20

2.64

2.58

2.62

2.22

2.69

2.44

2.52

2.68

2.34

1.86

2.08

1.61

0.00

0.99

1.02

0.00

0.00

0.00

0.05

0.08

0.10

0.13

0.15

0.18

0.20

0.23

0.25

0.28

0.30

0.33

0.36

0.38

0.41

0.43

0.46

0.48

0.51

0.53

0.56

0.58

0.61

0.64

0.66

0.69

0.71

0.74

0.76

0.79

0.81

0.84

0.86

0.89

0.91

0.94

0.97

I 0.00

1

(kPa)

73.54

62.63

Strength (ksf)

Dry Density (pef / kN/mJ
)

Moisture Content (%)

Dry Density (pef / kN/mJ
)

Weight of Cont. (gm)No.

Height of Sample (inch)

Moisture Content (%)

Weight of Ring (gm)

Weight of Wet Soil + Cont. (gm)

Weight of Dry Soil + Cont. (gm)

Diameter of Sample (inch)

Wet Density (pef / kN/mJ
)

Weight of Dry Soil + Cont. (gm)

Diameter of Sample (inch)

Weight of Soil + Ring (gm)

Weight ofWct Soil + Cont. (gm)

Dry Density (pef / kN/mJ
)

Weight of Ring (gm)

Weight of Cont. (gm)No.

Weight of Dry Soil +Cont. (gm)

Weight ofCont. (gm)No.

Dial Reading-Consolidation (inch)

Weight of Soil + Ring (gm)

PercentSaturationjwj

Prepared By: JF

Tested By: JF

Dial Reading-Consolidation (inch)

Weight of Soil + Ring (gm)

Height of Sample (inch)

Diameter of Sample (inch)

Wet Density (pef / kN/mJ
)

Height of Sample (inch)

Weight of Ring (gm)

Pereent Consolidation ('!o)

Checked By : Date:

Computed By: JF Date: 12/11/09

Weight of Wet Soil + Cont. (gm)

Prepared By: JF Date: 11/30/09

Tested By: JF Date: 11/30/09

Percent Saturation(%) 100.95 File No.: 0911804

Peak 1.54
1----- I---j----I

Ultimate 1.31
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Normal Stress (ksf)
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3.0
~
:::-
.5 2.5
'"~
i/j 2.0...
'"<II

;J5 1.5

1.0

0.5

................. ....... .. ............... ...... I·········· ...... ................

............ - -- ...... ~ .. ,......................

«: --
./" ................ ,. ...........

t>
.......

r ......... ... ....... ............. ....,......

,.. ~ ........ ..........

,. , 4f
........ ....... ............. ..,............... .... .... ............. ...................

.......-

... .... ..... ..................

,;,;;u'

............ ........... '....

0.0

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Horizontal Deformation (inch)

Boring No. : A-09-053
Strength Intercept (C) :

0.31 (ksf) 0.11 (ksf)

Sample No. : 0-6 14.94 (kPa) 5.17 (kPa)

Depth (ftlm) : 30.0 10.00 Friction Anale ( eb ) : 31.09 Degree 30.58 Degree

Description : Gray, SILTY SAND (SM) Shear Rate (inch/rnlnute) : 0.02
MOISTURE DRY DENSITY VOID NORMAL STRESS PEAK STRESS ULTIMATE STRESS

SYMBOL
(kN/m 3

)CONTENT(%) (pcf) RATIO (ksf) (kPa) (ksf) (kPa) (ksf) (kPa)

• 30.86 92.34 14.53 0.83 2.00 95.76 1.54 73.54 1.31 62.63.. 31.90 92.30 14.53 0.83 4.00 191.52 2.69 128.70 2.44 116.64

.... 31.73 92.39 14.54 0.82 6.00 287.28 3.95 189.03 3.67 175.82

Earth Mechanics, Inc.
Geotechnical and Earthquake Engineering

DIRECT SHEAR TEST (ASTM D-3080)
Project No. : 06-123-3 Date: 11/30/09

Figure No.:



- AP Engineering & Testing, Inc.

PERCENT PASSING NO. 200 SIEVE

Client Name: Earth Mechanics, Inc. Laboratory No.: 29-1121
Project Name: ACTA Heim Bridge Replacement Date: 11/12/09

Project Number: 06-123-03

Boring Sample Sample Percent Fines
No. No. Depth (tt) (%)

R-09-001 8-02 10 5.03

R-09-001 8-04 20 3.29

R-09-001 8-08 40 32.62
R-09-001 8-12 60 49.91

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM 0 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03------------

Tested By: ..;;.D..;;.K=--__
Checked By: _A_P _

Date: 11/12/09
Date: 12/01/09

V
.>

- ----- -~-~~--------- .. --- --
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PROCEDURE USED

D Wet Preparation

o Dry Preparation

o Procedure A

Multipoint Test

D Procedure B

One-point Test

50

~ 450

....
r::
.e
r::
0 40o
e
.i3
III
'0 35:::iE

30
10 25

Number of Blows
100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

• R-09-001 0-11 55 46 27 19 CL



- AP Engineering & Testing, Inc .•

CORROSION TEST RESULTS

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date 11/12/09

Project No.: 06-123-03

Boring Sample Depth Soil Type Minimum pH Sulfate Content Chloride Content
No. No. (ft) Resistivity (ohm-ern) (ppm) (ppm)

R-09-001 S-02 10 SP-SM 1400 7.4 158 407

NOTES: Resistivity Test and pH: California Test Methods 532 and 643

Sulfate Content California Test Method 417

Chloride Content: California Test Method 422

ND =Not Detectable

NA =Not Sufficient Sample

NR =Not Requested

2607 Pomona Boulevard, Pomona, CA 91768
Tel. (909) 869-6316 Fax. (909)869-6318



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST DATA
ASTM D 3080

Project Name: ACTA Heim Bridge Replacement Tested By

Boring No.: R-09-001 Checked By

Sample No.: D-07 Depth (ft): 35

Description: Dark Gray Poorly-Graded w/silt

Sample Type: ....:C;....::a....:I._M_o_d...;.. _

Test Condition: Saturated....:....:'-'-"-""-'--"'---------

DK

AP

Date: 11/13/09

Date: 12/01/09

Sample Diameter (in) 2.415

Sample Heiqht (in) 1.00

Total Soil+Ring Weight(g) 574.89

Total Ring Weight (g) 135.20

Wet Density (pcf) 121.89

Dry Density (pcf) 95.26

Moisture Determination Before Test After Test

Cont. Weight (g) 50.11 104.07

Wet Soil+Cont. (g) 203.51 524.35

Dry Soil+Cont. (g) 170.00 427.51

Moisture Content (%) 28.0 29.9

Degree Saturation 98.1 100.4

METHOD OF SHEARING

[8] Regular Shearing

D Residual Shearing 5 Passes

Shear Rate (in/min):

Shear Distance (in):

0.005

0.3

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear
Remarks

Number Ring Wt. (kst) Reading (psf) Reading (psf)

1 194.47 46.59 2.0 2028 1440

2 188.74 43.43 4.0 2868 2400

3 191.68 45.18 6.0 4092 3708



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST RESULTS
ASTM D 3080

Project Name:
Boring No.:
Sample No.:
Depth (ft):
Sample Type:
Soil Description:
Test Condition:

ACTA Heim Bridge Replacement
R-09-001
D-07

35
Cal. Mod.
Dark Gray Poorly-Graded w/silt

Saturated

Initial Dry Density:
Moisture Content (before):
Moisture Content (after):

95.3
28.0
29.9

pcf
%
%

0.40.30.2
Shear Deformation (inches)

0.1
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AP Engineering & Testing, Inc.

DIRECT SHEAR TEST DATA
ASTM D 3080

Date: 11/13/09

Date: 11/27/09AP

DK

45

R-09-001

D-09 Depth (ft):----

ACTA Heim Bridge Replacement Tested ByProject Name:

Boring No.:

Sample No.:

Description: Dark Gray Silty Sand

Sample Type: _C_a_I._M_o_d_, _

Test Condition: Saturated------------

Sample Diameter (in) 2.415

Sample Height (in) 1.00

Total Soil+Rinq Weiqht(q) 575.62

Total Ring Weight (g) 134.81

Wet Density (pcf) 122.20

Dry Density (pcf) 94.37

Moisture Determination Before Test After Test

Cont. Weiqht (g) 49.37 197.75

Wet Soil+Cont. (q) 208.71 612.93

Dry Soil+Cont. (g) 172.43 517.48

Moisture Content (%) 29.5 29.9

Degree Saturation 100.3 100.2

METHOD OF SHEARING

[8] Regular Shearing

D Residual Shearing 5 Passes

Shear Rate (in/min):

Shear Distance (in):

0.005

0.3

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear
Remarks

Number Ring Wt. (ksf) Reading (psf) Reading (psf)

1 190.67 43.48 2.0 1548 1512

2 192.52 44.89 4.0 3048 2604

3 192.43 46.44 8.0 5160 4824



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST RESULTS
ASTM D 3080

Project Name:
Boring No.:
Sample No.:
Depth (ft):
Sample Type:
Soil Description:
Test Condition:

ACTA Heim Bridge Replacement
R-09-001
D-09
45
Cal. Mod.
Dark Gray Silty Sand
Saturated

Initial Dry Density:
Moisture Content (before):
Moisture Content (after):

94.4
29.5
29.9

pcf
%
%

:: .. -t~OO~I~"""",LJ,~::-- ..--
c- ;cpeP?- -1- ----------- --- -----.,----- ---- ---- ---- ---------
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Strength Parameters

Cohesion (psf):
Friction Angle:

Peak

500
31 0

Ultimate

400
29 0



AP Engineering & Testing, Inc.

MOISTURE AND DENSITY TEST RESULTS

Client Name:

Project Name:

Project Nu mber:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

Laboratory No.:

Date:

29-1121

11/12/09

Boring Sample Sample Moisture Dry Density
No. No. Depth (ft.) Content (%) (pet)

R-09-001 D-01 5 21.1 107.2

R-09-001 D-03 15 26.7 96.3

R-09-001 8-04 20 26.7 NA

R-09-001 0-05 25 24.6 101.6

R-09-001 8-08 40 29.9 NA

R-09-001 8-10 50 57.0 NA

R-09-001 0-11 55 30.9 90.9

R-09-001 0-13 65 27.5 98.2

R-09-001 8-14 70 29.6 NA

R-09-001 8-15 75 35.5 NA



AP Engineering & Testing, Inc.

POCKET PENETROMETER DATA

Client Name:

Project Name:

Project Number:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

Laboratory No.:

Date:

29-1121

11/17/09

Boring Sample Depth Pocket
No. No. (feet) Penetrometer (tsf)

R-09-001 0-11 55 2.07



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:

Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE ,-,OARSEI MEDIUM I FINE

I I I
SIEVE OPENING SIEVE NUMBER HYDROMETER

3" 2"1%" 1"%" %"Ya" #4 #8#10#16 #30 #50 #100 #200
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PARTICLE SIZE (mm)

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type
No. Depth

Gravel Sand Fines
LL:PL:PI ASTM

(feet) 02487

0 R-09-001 0-11 55 0.18 12.08 87.74 46:27:19 CL

D R-09-001 S-15 75 0.46 4.73 94.81 N/A CL



AP Engineering & Testing, Inc.

VERTICAL STRESS (ksf)

- n.... - r- ----_.._---- -----_.- _.,_.~ - 1---
- e-------f-- _.- - ~-""-

._._. ._-1·--

----- - - -1- ---- ..._--

- ._. 1-
_:::5
~

.- 0-_'-_- ----- ---'._--- I·· t..

_._---------- -_._. --- - ---- -e------- _._-~-- ----- 1--1--

- -------------- -_.._.- -- --- -_. i'... f-- --I- .-

l
-~--

.__._-- -- _._.r- --- _.__._---

-~
-- ----- ---'. .-.- I·· I·

"-_._---.._-_......._---- -_. ---- rs.--i------ -----

------------

S
_._---_. -----_... -_.

- --------~ - --- r- l-r-

b.. \.------ .... 1-1---- --_.
- i":--.. i\

~~
_.

1\

-
............... ~

- ...........
~ \.- k - -

~r--------

- ----_._---I--- - 1---- --

-------I--- - f--1- - .f----

- i-i- ----- ...._._---- --
..

- --_._._._--_.__ .. --- - - - ._- ------I-----f--

._---------- -','-- -_.--I- -i- •. ---,- - _.- -1-- - ----_.'-_.-

- ----------------- - I-----

_...'. _._--_.. -_._----- - f-- -- -- ----_..._._---- --,._~ ._- ------ -- .- 1- _.

- -_._-- -_._----_. -_.._- - --r- - - -------- --c----- - - -- --- -------_.. --- ---------- - - 1-- ....

.---------- I---- - r- I

0.1

o

1

2

Ul 3Ul
Ql
s::::
~
C.l 4:c
I-
~ 5Co

E
m

6en-0-s:::: 7Ql
o...
Ql
a. 8
z
0

9j:::
«
o
::::i 10
0
en
z 110
o

12

13

14

1 10 100

-0-At Field Moisture .....After Saturation

Boring No. :

Sample No.:

Depth (feet):

Sample Type:

Soil Description:

Remarks:

R-09-001

D-11

55

Cal. Mod.

Lean Clay with fine sand

Initial Dry Unit Weight (pet): 90.6

Initial Moisture Content (%): 30.9

Final Moisture Content (%): 33.9

Assumed Specific Gravity: 2.7

Initial Void Ratio: 0.86

CONSOLIDATION CURVE
ASTM D 2435

Project Name:

Project No.:

Date:

AP No:

ACTA Heim Bridge Replacement

06-123-03
11/27/2009
29-1121
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0.32 .

0.1 10 1000

Time (minutes)

".-.----.-., ..._-_.._--------- . ._----------_.'--- "._---..-..__. __ .~ .._--- .'..._------- --- -- ---"'-----

Boring No.: R-09-001 Sample Type: Cal. Mod.
Sample No.: 0-11 Soil Description: Lean Clay with fine sand
Depth (feet): 55 Vertical Pressure (ksf): 1

Test Condition: Saturated_._-_......_-- --'-,."- --'-"'--

Time 0:: , Dial Readinq "v""''''J
0.1 0.324

0.25 0.3237

0.5 0.3234

1 0.3231

2 0.3229

4 0_3227

8 0.3226

15 0.3225

30 0.3225

60 0.3225

120 0.3224
--

240 0.3223

480 0.3222

1440 0.322

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/12/09
AP No: 29-1121 Figure No:
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Boring No. : R-09-001 Sample Type: Cal. Mod.

Sample No.: 0-11 Soil Description: Lean Clay with fine md

Depth (feet): 55 Vertical Pressure (ksf): 1

Test Condition: Saturated
_._---------,-._,,, .__.,-_._'-_0'0-... .- .. -_...•_._----_._------

ISQRT Time Dial Readinq ~1I11.,;11t::::::»'"I'U'''''',
0.3162 0.3240

0.5000 0.3237

0.7071 0.3234

1.0000 0.3231

1.4142 0.3229

2.0000 0.3227

2.8284 0.3226

3.8730 0.3225

5.4772 0.3225

7.7460 0.3225

10.9545 0.3224

15.4919 0.3223

21.9089 0.3222

37.9473 0.3220

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM 02435 Date: 11/12/09
AP No: 29-1121 Figure No:
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Boring No. : R-09-001 Sample Type: Cal. Mod.

Sample No.: 0-11 Soil Description: Lean Clay with fine sand

Depth (feet): 55 Vertical Pressure (ksf): 4

Test Condition: Saturated
--------- ------ -------
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Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/12/09
AP No: 29-1121 Figure No:
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AP Engineering & Testing, Inc.

PERCENT PASSING NO. 200 SIEVE

Client Name:
Project Name:
Project Number:

Earth Mechanics, Inc.
ACTA Heim Bridge Replacement
06-123-03

Laboratory No.:
Date:

29-1121
11/13/09

Boring Sample Sample Percent Fines
No. No. Depth (ft) (%)

R-09-002 S-02 10 10.37
R-09-002 S-04 20 3.44
R-09-002 S-08 40 46.23

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318



AP Engineering & Tesfing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement

Project No.: 06-123-03------------
Tested By: ...=.D...=.K.:...-__
Checked By: _A_P _

Date: 11/12/09
Date: 12/01/09

_._- 1/
,-_._-~._.

_. __.._-_.- ..." .._--_.... _....._..._._--_._--- 1-.._. -: .. .._-_._.,._~..•_---_._~-

./
-~_._.-...•_._--_.- -'--'---'--- .. _._ ......._,._...•_-_._"..._.---_..----~._--~.

/'
CL Y

-~----_._-- ----_._------_.....'-_._._,,-_._--:
~v ..........-

.~
MH or ( H

----.. -_._----- - .. ---'.'-'..-----..----. -"" ..,"'~,,----_.__._--

I _MI I ,.... ML or 0

I I

90

60

50

~ 40
><w
Cl
:z
>- 30
I-
o
i=
~ 20
...l
D..

10

o
o 10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 100

--_.- _.._-......"'--------
_._--_._-_.._-._..- -
--_. . . - ...

--_._----..---.-... ....

-------,--...
. -_. -_.
.__..

-..-_..

---_....__.-1-
--------- .-_.
..--_.._-_. - - ---_.
-----_._._--- ...

._---- .

._------_.
----

PROCEDURE USED

D Wet Preparation

o Dry Preparation

o Procedure A

Multipoint Test

D Procedure B

One-point Test

40

~ 35
....
<:
~
<:
0 30o
e
.a
Ul
·0

25::E

20

10 25

Number of Blows
100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

• R-09-002 S-10 50 29 23 6 ML

R-09-002 S-12 60 NP NP NP



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03------------

Tested By: ..=D:..:,K...:- _
Checked By: _A__P _

Date: 11/12/09
Date: 12/01/09
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One-point Test

Procedure A
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D

Number of Blows

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

• R-09-002 S-14 70 29 20 9 CL

* NP denotes "non-plastic"



.- AP Engineering & Testing, Inc.

CORROSION TEST RESULTS

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date 11/12/09

Project No.: 06-123-03

Boring Sample Depth Soil Type Minimum pH Sulfate Content Chloride Content
No. No. (ft) Resistivity (ohm-ern) (ppm) (ppm)

R-09-002 S-02 10 SP-SM 1100 7.7 325 267

NOTES: Resistivity Test and pH: California Test Methods 532 and 643

Sulfate Content California Test Method 417

Chloride Content: California Test Method 422

ND =Not Detectable

NA =Not Sufficient Sample

NR =Not Requested

2607 Pomona Boulevard, Pomona, CA 91768
Tel. (909) 869-6316 Fax. (909)869-6318



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST DATA
ASTM D 3080

Date: 11/14/09

Date: 12/01/09AP

DK

15

R-09-002

D-03 Depth (ft): _-..:...::...--_

ACTA Heim Bridge Replacement Tested ByProject Name:

Boring No.:

Sample No.:

Description: Dark Gray Sand with silt

Sample Type: Cal. Mod.------------
Test Condition: Saturated

~=.:..=-=----------

Sample Diameter (in) 2.415

Sample Heiqht (in) 1.00

Total Soil+Rinq Weiqht(q) 570.48

Total Ring Weight (g) 134.68

Wet Density (pcf) 120.81

Dry Densitv (pcf) 95.07

Moisture Determination Before Test After Test

Cont. Weight (g) 50.13 157.94

Wet Soil+Cont. (q) 193.93 570.94

Dry Soil+Cont. (g) 163.29 473.95

Moisture Content (%) 27.1 30.7

Decree Saturation 94.6 102.5

METHOD OF SHEARING

[8] Regular Shearing

D Residual Shearing 5 Passes

Shear Rate (in/min):

Shear Distance (in):

0.005

0.3

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear
Remarks

Number Ring Wt. (kst) Reading (psf) Reading (psf)

1 191.90 45.15 1.0 1248 696

2 188.64 43.81 2.0 1620 1272

3 189.94 45.72 4.0 3084 2604



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST RESULTS
ASTM D 3080

Project Name:
Boring No.:
Sample No.:
Depth (ft):
Sample Type:
Soil Description:
Test Condition:

ACTA Heim Bridge Replacement
R-09-002
D-03
15
Cal. Mod.
Dark Gray Sand with silt
Saturated

Initial Dry Density:
Moisture Content (before):
Moisture Content (after):

95.1
27.1
30.7

pcf
%
%

5.0 '..----.,------,-----,----....,----.,..------,-----,-----,

',--
1··,--·- ~-,----1-,,-----....-- ,---.+----- ..--·"--1----,..·-----..---·1--------1-·-..----,-..--1- ---,-------1-..--.. - -- --, .. "

4.0 1------------- ---1---·,- ...... --·..-----1--------,-.._.._+-,...-- ..----.. ---..+-.....---------..---+--.~- ..,--------!--.--- ---"--"--"-'I·----- ,

,------------,- .. --------- ·---.." .. -1 ------- - .."'- -------------- -..·-----·..-~..---·---·--·--I-·-..- -- 1- _..

~ 2.0
CIJ

..c:
en

0.1 0.2
Shear Deformation (inches)

0.3 0.4

Strength Parameters

Cohesion (psf):
Friction Angle:

2 3 4 5 6 7 8

Normal Stress (ksf)

Peak Ultimate

700 50
29 0 32 0



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST DATA
ASTM D 3080

Project Name: ACTA Heim Bridge Replacement Tested By

Boring No.: R-09-002 Checked By

Sample No.: 0-07 Depth (ft): 35

Description: Gray Sitly Sand

Sample Type: Cal. Mod.------------
Test Condition: Saturated--------------

OK

AP

Date: 11/14/09

Date: 12/01/09

Sample Diameter (in) 2.415

Sample Heiqht (in) 1.00

Total Soil+Rinq Weiqht(q) 571.64

Total Rinq WeiQht (g) 135.52

Wet Density (pcf) 120.90

Dry Density (pcf) 91.52

Moisture Determination Before Test After Test

Cant. Weiqht (q) 50.39 195.18

Wet Soil+Cont. (q) 192.89 616.91

Dry Soil+Cont. (q) 158.27 513.85

Moisture Content (%) 32.1 32.3

Decree Saturation 100.3 101.1

METHOD OF SHEARING

[8] Regular Shearing

D Resid ual Shearing 5 Passes

Shear Rate (in/min):

Shear Distance (in):

0.005

0.3

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks

Number Ring Wt. (ksf) Reading (psf) Reading (psf)

1 190.53 45.39 2.0 1368 1344

2 188.75 44.69 4.0 2760 2628

3 192.36 45.44 6.0 4080 3648



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST RESULTS
ASTM D 3080

Project Name:

Boring No.:
Sample No.:

Depth (ft):
Sample Type:
Soil Description:

Test Condition:

ACTA Heim Bridge Replacement
R-09-002
D-07

35
Cal. Mod.
Gray Sitly Sand

Saturated

Initial Dry Density:
Moisture Content (before):

Moisture Content (after):

91.5
32.1
32.3
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AP Engineering & Testing, Inc.

MOISTURE AND DENSITY TEST RESULTS

Client Name:

Project Na me:

Project Number:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

Laboratory No.:

Date:

29-1121

11/12/09

Boring Sample Sample Moisture Dry Density
No. No. Depth (ft.) Content (%) (pet)

R-09-002 D-01 5 17.3 109.8

R-09-002 8-02 10 32.7 NA

R-09-002 D-05 25 13.9 114.6

R-09-002 8-08 40 31.0 NA

R-09-002 8-10 50 35.2 NA

R-09-002 D-11 55 35.7 93.8

R-09-002 8-12 60 26.1 NA

R-09-002 8-14 70 35.0 NA

R-09-002 8-15 75 33.7 NA



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:

Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE OARSEI MEDIUM I FINE

I I I
SIEVE OPENING SIEVE NUMBER HYDROMETER

3" 2"1W' 1" 0/." 'h"%" #4 #8#10#16 #30 #50 #100 #200
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Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type
No. Depth

Gravel Sand Fines
LL:PL:PI ASTM

(feet) D 2487

0 R-09-002 S-10 50 3.23 36.02 60.75 29:23:6 ML

D R-09-002 S-15 75 0.68 13.21 86.11 N/A ML



AP Engineering & Testing. Inc.

VERTICAL STRESS (ksf)
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Boring No. :

Sample No.:

Depth (feet):

Sample Type:

Soil Description:

Remarks:

R-09-002

D-09

45

Cal. Mod.

Silt with sand

Initial Dry Unit Weight (pet): 89.1

Initial Moisture Content (%): 35.7

Final Moisture Content (%): 28.4

Assumed Specific Gravity: 2.7

Initial Void Ratio: 0.89

CONSOLIDATION CURVE
ASTM D 2435

Project Name:

Project No.:

Date:

AP No:

ACTA Heim Bridge Replacement

06-123-03
11/27/2009
29-1121
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Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/13/09
AP No: 29-1121 Figure No:
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CONSOLIDATION CURVE Project No.: 06-123-03

ASTM 02435 Date: 11/13/09
AP No: 29-1121 Figure No:
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Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/13/09
AP No: 29-1121 Figure No:



SUMMARY OF LABORATORY TEST RESULTS

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008A

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 11/23/2009 SUMMARIZED BY: JT

R-09-038 S-19 110.0 18.6
*LL,PL,PI =Liquid Limit, Plastic Limit, Plasticity Index

R-09-038 S-12 65.0

ATTERBERG
LIMIT
ASTM
04318

(LL,PL,PI)*

%PASSING
#200

ASTM
01140

(%)

DRY
DENSITY

ASTM
02937
(peF)

9.7
24.8

MOISTURE
CONTENT

ASTM
02216

(%)

DEPTH
(ft)

SAMPLE
No.

BORING
No.

R-09-038 0-17 90.0

R-09-038 0-07-1 40.0
R-09-038 U-08 46.0

R-09-038 S-14-1 75.0

R-09-038 U-11 61.0

R-09-038 0-02 10.0
R-09-038 B-O 0-2.0

R-09-038 0-15 80.0

R-09-038 S-04 25.0

R-09-038 0-10-2 555

R-09-038 U-06 35.0

R-09-038 S-09 50.0

.R-09-038 0-13 70.0
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Modified Proctor
Job No: 06-123-03

EGL Project No.: 09-230-008A
(ASTM D1557) Date: I Dec-09 Figure



SUMMARY OF LABORATORY TEST RESULTS
SPECIFIC GRAVITY

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A

PROJECT NO: 06-123-03' CLIENT: Earth Mechanics, Inc.

DATE: 12/22/2009 SUMMARIZED BY: JT

SPECIFIC

BORING SAMPLE DEPTH GRAVITY

NO NO (ft) ASTM

0854

R-~'" -9 " "'''6.>:
R-09-027~ y--~ 2.77

R-09-033~~ r--.... 2.697

R~
~

I nn r- ~
C~ ~. 6

R-09-038 U-06 35 2.768

R-09-038 U-08 46 2.737

R-09-038 U-11 61 2.741

-- -----~-_._--------_._-----'---------------- ---- -- -~---~----



SUMMARY OF LABORATORY TEST RESULTS
POCKET PENETROMETER

PROJECT NAME ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 12/22/2009 SUMMARIZED BY: JT

POCKET

BORING SAMPLE DEPTH PENETROMETER

NO NO (ft) Ton/ft*2 (TSF)

~ {'\ ....
'-~"': I.r~

~

R-09-027 -~I::J-~ Y--- ---- 1.25

R-09-033~~- 0.5
I:Lo
~ II {'\{'\ At: ~

R-09-038 U-06 35 0.8

R-09-038 U-08 46 1.75

R-09-038 U-11 61 4



PROJECT NAME:

PROJECT NO.:

SUMMARY OF CORROSION TEST RESULTS

ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008A

06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 12/18/2009 Summarized By: RJ

Chloride Sulfate Minimum
pH Content Content Resistivity

BORING SAMPLE DEPTH CalTrans CalTrans CalTrans CalTrans
NO NO 643 422 417 643

(ft) (ppm) (% by weight) (ohm-em)

R-89-"""'''''
n,.,,., r- ~ n n~ n n~~ n nn ~2
~ ........ V.V V.VV IV,VVV V. vv

R-en nn" .,.." r- n ,,.. n"'~ n,.. n 1:>")1"\
'v vvv v v v. 'u vvv v.v v

R-09-038 B-O 0-2 8.11 710 0.138 390



100

I90

80

70 ....
~(1)

:J 60
m <,>I <,a: 50 <.r-,

40 <.
I'-.30

20

10

0
800 700 600 500 400 300 200 100 0

Exudation Pressure (psi)
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Horizontal

Sample Exudation
Test Compaction Density Moisture Pressure R- R-Value
No. Pressure (psi) (pcf) (%)

Pressure
(psi) @

Height Pressure
Value Correction

(psi)
160 psi

(in) (psi)

1 150 121.3 12.2 0.00 92 2.52 171 31 31

2 200 122.9 11.3 0.00 59 2.52 406 52 52

3 250 124.6 10.4 0.48 34 2.49 635 72 72

Test Name and Method:
Boring No: R-09-038 Resistance R-Value and Expansion Pressure - Cal Test 301
Sample No: B-O @ 0-2'
Sample Type: Bulk Project Name:
Sample Description: Silty sand (SM), :::::::~::\::::::~ ENVIRONMENTAL ACTA Heim Bridge Replacement
Test Date: 12/7/09 ';";":-,-J GEOTECHNOLOGY Client: Earth Mechanics, Inc............. ....~":"'.... .,. LABORATORY Project No: 06-123-03~......r---- EGL Project No: 09-230-008A

Test Results: R-Value at 300 psi

Exudation Pressure: 43 R-VALUE TEST REPORT
12/30/09 FIGURE 1



Resistance R - Value Testing Results
(Cal Test 301)

Project Name: ACTA Heim Bridge Replacement

Job No.: 06-123-03

Client: Earth Mechanics, Inc.

EGL Project No: 09-230-008A

Test Date: 12/7/2009

Boring No: R-09-038

Sample No: 8-0 @0-2'

Sample Type: Bulk

Sample Description: Silty sand (SM), dark brown

Tested by: JT

Checked by: HJ

Test Specimen Number 1 2 3
Compaction Pressure (psi) 150 200 250
Wet Weight (gms) 1230 1220 1210
Dry Weight (gms) 1096 1096 1096
Tare Weight (gms) 0 0 0
Exudation Load (Ibs.) 2150 5100 7970

Total Weight (gms) 2915 3058 3002
Mold Weight (gms) 1783 1920 1872
Sample Weight (gms) 1132 1138 1130

Sample Height (in) 2.52 2.52 2.49
Initial Expansion (x 10,000) 0.0000 0.0000 0.0000
Final Expansion (x 10,000) 0.0000 0.0000 0.0016
Expansion Pressure (psi) 0.0000 0.0000 0.4848

Ph @2000 Ibs 92 59 34
D turns 4.12 3.88 3.6
R-Value from Exudation 31 52 72
Density (pcf) 121.3 122.9 124.6

Moisture (%) 12.2 11.3 10.4
Exudation Pressure (psi) 171 406 635

Corrected R-Value from Exudation: 31 52 72
Exudation Pressure (psi) 171 406 635

R-V81ue at 300 psi exudation pressure - 43

Note:
0.91% Retained on ::::::::$::::::::::~~ ENVIRONMENTAL ProjectName: ACTA Heim Bridge Replacement
3/4-inch Sieve :.:-:~~ GEOTECHNOLOGY Client: EarthMechanics, Inc............. ..........".:..... .... LABORATORY ProjectNo: 06-123-03.........'--- EGLProjectNo: 09-230-008A

R-VALUE TEST RESULTS
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Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 



Schuyler Heim Bridge Replacement Project 
Site-Specific Ground Motion Study – ARS Comparison 

February 8, 2010 
Page 2 

 

 
17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  

 
 



Schuyler Heim Bridge Replacement Project 
Site-Specific Ground Motion Study – ARS Comparison 

February 8, 2010 
Page 5 

 

17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 
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Re: MSE Wall BOA Section

Subject: Re: MSE Wall BDA Section
From: Seungwoon Han <seungwoon_han@dot.ca.gov>
Date: Men, 12 Apr 2010 12:09:05 -0400
To: Arul Arulmoli <arulmoli@emihmech.com>
CC: Eric Brown <e.brownejtearthmech.com>, "Haitao_Liu@dot.ca.gov" <Haitao_Liu@dot.ca.gov>,
Pat Wilson <P.Wi1son@emihmech.com>, Ranjan Gunaranjan <ranjml@emihmech.com>, Deh-Jeng
.Tang <deh-jengjangrgjdot.ca.gov>

Arul,

As we discussed over the phone, I summarized our comments below. Please note that all comments
below, and our previous comments on the bridges are applicable to all the wall reports. Also, I removed
some of comments that we resolved during discussion. If you have any questions, Please contact us.

Comments on retaining wall reports

1. Please revisit idealized soil profile and parameters, and revise them if necessary. Especially when
global slope and external stability is considered, a failure tend to develop through a weak layer, which
should be considered in the design. Therefore, layers with averaged parameters may not represent the
weak layers. Also confirm undrained residual strength of liquefiable layers.

2. Please provide stability analysis for each phase construction if strength increase is considered with
phase construction.

3. Please check allowable static long-term and short-term settlement, and seismic induced settlement
with the Structure. Especially, caltrans standard cantilever walls may not carry the settlement estimated
in the report. Also, when calculating bearing capacity of the standard wall, settlement should be
considered since settlement will control the footing design for most sandy soils.

4. Backfill material and soil corrosivity requirement should conform to our standard special provision
(SSP) for MSE wall. The requirement in SSP is more stringent than that in BOS.

5. Please provide a table showing bearing capacity FOS and minimum strap length to meet external
stability, global stability and settlement.

6. Structural backfill is assumed to have a friction angie of 34 degree with zero cohesion, and
compacted to a minimum 95 percent.

7. For Wall A1, please check inputs regarding a spreadsheet, "Stress at Various Points Below an Earth
Embankment." The Inputs for embankment geometry is not consistent with real embankment geometry.

8. Please verify bearing pressure of MSE wall. Caltran will also check BOA provided by EMI.

9.For Wall H1, end bearing of CIOH pile for retaining wall should be limited to consider potential defect
at the pile bottom during construction. Also, CIOH pile construction should comply to Caltrans SSP.

I 01'2 5/10/20103:55 PM



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-Co-Rte-PM: 07-LA-47-PM (Varies) ReviewingAgency; Caltrans District7

EANo.: 238501 FunctionalUnit: Geotechnical Design South - 2

Milestone: 65% PS&E Review Date: April 12, 2010

Consultant: EarthMechanics, Inc.

CURRENT
DWG NO.1SPEC STATUS
NO.1SECTION ACTION (OPEN!

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

I. Wall At The residual shear strength fortheliquefiable
material between EI. -5It and -22It was revised tobe
700 psfconsistent with thelowest N1 (60-C8) blowcount
inthatlayer, 13bpfforR-09-038/ D-4. Revised global
stability analysis indicates a pseudo-static factor of
safety greater than 1.1, meeting Caltrans requirements.
Revised global stability calculations areattached.

II.Wall C1. The residual shear strength forthe
liquefiable material between EI. -11 It and -25It was
discretized into two layers (1)thematerial between EI. -
11 It to-20It revised tobe1200 pstconsistent with the
lowest N1 (60-C8) blowcount inthatlayer of24bpfforR-
09-009/8-4 and (2) material between EI. -20It to-25It
revised tobe600 psfconsistent with theiowest N1 (6G-

PatrickWilson C8)blowcount in thatlayer of10bpfforsample R-09-
(PW), 011/8-5. Revised global stability calculations are

Eric Brown (EB).
A attached.

K. Arul Arulmoli
(KA), Kandiah

Pratheepan (KP) III.Walls E1/E2. The critical layer in theglobal stability
analysis isthematerial between EI. -5It and -17It and
ismodeled as600 psf, which issupported bytriaxial
testresults performed onthree different samples; R-09-
033/U-4, R-09-034/U-3 and R-09-035/U-3.

IV.Walls G1/G2. The idealized soilprofile beneath walls
G1/G2 has been revised. The critical revision was the
reduction oftheundrained shear strength inthelayer
from -6to-23It to650 psf, which was verified asthe
most conservative strength in thatlayer, according to

Please revisit idealized soil profile and parameters, and revise them if thelabtest data.
necessary. Especially when global slope and extemal stability is
considered, a failure tend todevelop through aweak layer, which should be V.Wall H1. The undrained shear strength ofmaterial
considered inthedesign. Therefore. layers with averaged parameters may between EI. -5It and -30It was reduced from 750psfto
notrepresent theweak layers. Also confirm undrained residual strength of 700 psf, which issupported bytriaxial testresults

1 liouefiable lavers. iperformed onsamples R-09-036/U-5 and R-09-037/U-6.

RESPONSES FORACTiON REaD
A:AGREE FULLY WILLCOMPLY
B:AGREE PARTLY SEENOTED EXCEPTiONS
c.DISAGREE. REASONS ARE NOTED
0: COMMENT HAS BEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTIOtJ ONlY_ ANSWER THEOlJESTION Page 1of3 Tab: Walls 65% PS&E



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (BridgleNo. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-Co-Rle-PM: 07-LA-47-PM (Varies) ReviewingAgency: Caltrans District 7

EA No.: 238501 Functional Unit: Geotechnical Design South - 2

Milestone: 65% PS&E Review Date: April 12, 2010
Consultant: EarthMechanics, Inc.

CURRENT
DWG NO.1 SPEC STATUS
NO.1 SECTION ACTION (OPEN I

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

Will comply. Strength increase due toconsolidation of
fine grained layers was considered in theglobal stability
analysis ofMSE walls E1-E2 and MSE wall G1. Global

PW/EBI KA A stability analysis forthetemporary condition during
construction forthese walls indicate a factor of safety
greater than 1.25 forallwalls. Global stability

Please provide stability analysis foreach phase construction if strength calculations forthetemporary condition forthese walls
2 increase isconsidered with phase construction. areattached.

Will comply, Based upon ourconversations with wall
contractors, theallowable differential settlement foran
MSE Wall is1%along thewall length. Static and
seismic settlement calculations indicate theanticipated
differential settlements arewithin thetolerable limits for
MSEwalis.

Forretaining wall G2(standard cantilever wall) the
settlement analysis has been revised toaccount forthe
proposed staged construction and indicates the
anticipated static settlement beneath theproposed wall
after footing construction is less than 4 inches with a
maximum differential settlement of2 inches along the

PW I EBI KAI KP A wall length; which isconsidered within thetolerable
limits ofaCaltrans Standard Type 1wall. The
recommendations inthereport have been revised to
require thatwall G2should notbeconstucted until the
settlment period fortheembankment iscomplete (a
temporary shoring wall willberequired toretain the
embankment during thesettlement period). The revised
settlement calculations are attached.

Please check allowable static long-term and short-term settlement, and
seismic induced settlement with theStructure. Especially, caltrans standard The bearing capacity calculations forretaining wall G2
cantilever walls may notcarry thesettlement estimated inthereport. Also, have been revised according tothemethodology
when calculating bearing capacity ofthestandard wall, settlement should proposed byMeyerhoff (1956) considering thatthe
beconsidered since settlement willcontrol thefooting design formost footing willbeembedded ingranular fillmaterial

3 sandv soils. compacted to90% relative density. The revised bearing

Backfill material and soilcorrosivity requirement should conform toour PW I EBI KAI KP A
standard special provision (SSP) forMSE wall. The requirement inSSP is Will comply. The corrosion requirements forMSE

4 more stringent than thatinBOS. backfill willberevised and are attached.
Will comply, Atable will beadded tothe"Bearing

PW I EBI KAI KP A Capacity" section thatwilllisttheFOS forbearing
Please provide a table showing bearing capacity FOS and minimum strap capacity and global stability fora range ofstrap lengths.

5 length tomeet external stability, global stability and settlement. A sample table forMSE Walls E1-E2 isattached.

RESPONSES FORACTlOf'I REaD
A:AGREE FUllY WILL COMPLY
B:AGREE PARTLY SEt.NOTED EXCEPTIONS
c.DISAGREE, REASONS ARE NOTED
0: COMMENT HASBEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTION ONLY. ANSWER THEQUESTION Page 20f3 Tab: Walls 65% PS&E



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-CoMRle-PM: 07-LA-47-PM (Varies) Reviewing Agency: CaltransDistrict 7

EANo.: 238501 Functional Unit: Geotechnical Design South - 2

Milestone: 65% PS&E ReviewDate: April 12, 2010

Consultant: EarthMechanics,Inc.

CURRENT
DWG NO.1SPEC STATUS
NO.1 SECTION ACTION (OPEN I

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

Will comply. Idealized soil profiles and global stability
Structural backfill isassumed tohave a friction angle of34degree with zero PW I EBI KAI KP A analyses have been revised toreflect a 34degree/zero

6 cohesion, and compacted toa minimum 95percent. cohesion materiat forstructural backfill.
Will compiy. The stress calculations aspartofthe

ForWall A1,please check inputs regarding aspreadsheet, "Stress at
PW I EBI KAI KP A

settlement analysis beneath MSE Wall A1which now
Various Points Below anEarth Embankment." The Inputs forembankment reflect thecurrent geometry oftheproposed

7 geometry isnotconsistent with real embankment geometry. embankment areattached.
Will comply. Based upon ourconversations with the
designers, thedemand bearing pressures listed inthe

PW I EBI KAI KP A Caltrans BOA (2002) aresuitable foruse indetenmining
Please verify bearing pressure ofMSE wall. Caltran willalso check BOA demand bearing pressures forwalls with a level backfill

8 provided byEMI. and equivalent vehicle surcharge.
Will comply. Axial capacity calculations have been
revised to limit theend bearing tonomore than 20% of
thenominal resistance. Revised axial pile capacity

PW I EBI KA A
calculations areattached.

ForWall H1, end bearing ofCIOH pile forretaining wall should belimited to Also, therecommendations provided inSection 6.2
consider potential defect atthepilebottom during construction. Also, CIOH "CIOH Pile Construction" have been confinmed tobeIn

9 Ipile construction should compiy toCaltrans SSP. compliance with Callrans SSP's.
FromReviewof BridgeFoundation Reports- LogofTest Borings.

Will comply. LOTB's have been revised toonly showExceptfor the standardsplitsampler,blowcounts recordedby driving PW I EBI KAI KP A
10 any other sampler should not be shown in the LOTBs. SPT blowcounts.

From Review of Bridge Foundation Reports - Consolidation Coefficient (CV)
is a function of the effective overburden and pre-consolidation stress for a Will comply. Settlement rate calculations have been
given soil. Please present the correlation curve between consolidation PW I EBI KAI KP A revised touse thelowest consolidation coefficientcoefflclent and applied vertical pressure, and select the lowest coefficient, or
the coefficient value under the actual effective overburden by the end of detenmlned from labtesting. Revised settlement

11 construction for the settlement evaluation. calculations areattached.

PW I EBI KAI KP A
A section will be included to each report that addresses

12 Settlement of adjacent utilities. the settlment benath adjacent utilities.

RESPONSES FORACTiON REaD
A:AGREE FULLY WILL COMPlY
0: AGREE PARTLY SEE NOTED EXCEPTIONS
C:DISAGREE. REASONS ARE NOTED
D:COMMENT HAS BEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTION ONLY. ANSWER THEQUESTION Page 3of3 Tab: Walls 65% PS&E



Earth
Geotechnical & Earthquake Engineering

May 10, 2010
EMI Project No. 06-123-03

Alameda Corridor Transportation Authority
One Civic Plaza, Suite 350
Carson, California 90745

Attention:

Subject:

Mr. Lucien Hersh, P.E.
Project Manager

Final Foundation Report, Retaining Wall C1, Wall No. 53E0148
Mechanically Stabilized Earth (MSE) Wall
Los Angeles County, California (7-LA-47, PM 3.74, EA 238501)

Dear Mr. Hersh:

Attached is our Final Foundation Report for the subject retaining wall. This report presents the
findings and conclusions of our geotechnical investigation as well as analyses results and
recommendations for design and construction of the subject retaining wall.

The Foundation Report for the subject walls, dated February 10, 2010, was submitted to
Caltrans. The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed the report and
provided their comments on April 12, 2010. EMI developed responses to the OGDS-1 review
comments and submitted them on May 4,2010. OGDS-1 review comments and EMI responses
are included in Appendix F. The responses to these review comments have been incorporated
into this Final Foundation Report. We appreciate the opportunity to provide geotechnical
services for this project. If you have any questions please call us.

Sincerely,

EARTH MECHANICS, INC.

Patrick Wilson, PhD
Staff Engineer

7
(Arul) K. Arulmoli, PhD, GE
Project Manager

Eric Brown, GE
Senior Engineer

17660 Newhope Street, Suite E, Fountain Valley, California 92708 Tel: (714) 751-3826 Fax: (714) 751-3928
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1.0 INTRODUCTION

1.1 Purpose Scope of Work

This Foundation Report presents the findings and conclusions of a geotechnical investigation
conducted by Earth Mechanics, Inc. (EMI) for the proposed Retaining Wall Cl in Los Angeles
County, Califonria. The report has been prepared in general accordance with Caltrans Guidelines
for Foundation Investigation and Reports (Caltrans, 2006e). It presents results of our foundation
analyses and provides design and construction recommendations to assist the bridge designers in
preparing the project Plans, Specifications, and Estimates (PS&E) for the project.

The geotechnical services provided for tills project included the following tasks:

.. Collection and review of existing geotechnical information;

.. Field exploration consisting of drilling, sampling and logging exploratory borings;

• Laboratory testing of selected bulk and relatively undisturbed soil samples;

.. Engineering analysis to develop foundation design and construction recommendations;

• Preparation of tills report presenting our findings, conclusions, and recommendations.

1.2 Project Description

The Schuyler Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a
joint partnership between Caltrans and the Alameda Corridor Transportation Authority (ACTA).
The project proposes to replace the seismically deficient Schuyler Heim Bridge over Cerritos
Channel and add a four-lane elevated roadway connection to Alameda Street that will bypass
three signalized intersections and five at-grade railroad crossings. The location of the project is
shown in Figure 1.

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift
bridge with a fixed bridge with an elevated profile to provide a minimum vertical clearance of
47 ft in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The
proposed bridge replacement project includes bridge structures along the southbound exit ramps
and northbound entrance ramps at New Dock Street and State Route-I 03 (SR-I03). This report is
prepared for proposed Retaining Wall Cl located on the east side of the approach embankment
for the New Dock Street On-Ramp (Figure 2).

The proposed wall, located on the east side of the New Dock Street On-Ramp approach
embankment between about Sta. 212+42 and Sta. 213+73 ("C" Line), will be approximately
131 ft long with retained heights varying from about 2 ft at the southern end of the wall to about
16 ft at the northern end of the wall where it terminates at Abutment 6 of the New Dock Street
On-Ramp. The wall is proposed to be a mechanically stabilized embankment (MSE) wall.

Earth Mechanics, Inc.
Geote ctuucat & Earth qu ak e Engineering
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1.3 Limitations

This report is intended for use by Alameda Corridor Transportation Authority (ACTA), its
design team members and the Califomia Department of Transportation (Caltrans) for the
proposed Retaining Wall Cl. This report is based on the project as described herein and the
information obtained from the exploratory borings at the approximate locations indicated on the
attached plans. The findings and recommendations contained in this report are based on the
results of the field investigation, laboratory tests, and engineering analyses. Also, soils and
subsurface conditions encountered in the exploratory borings are presumed to be representative
of the project site; however, subsurface conditions and characteristics of soils between
exploratory borings can vary. Findings reflect an interpretation of the direct evidence obtained.
Recommendations presented herein are based on the assumption that an appropriate level of
quality control and quality assurance (inspections and tests) will be provided during construction.
EMI should be notified of any pertinent changes in the project plans or if subsurface conditions
are found to vary from those described herein. Modifications to the project plans or variations in
subsurface conditions may require re-evaluation of the recommendations contained in this report.

The data, opinions, and recommendations contained herein are applicable to the specific design
elements and locations which are the subject of this report. Data, opinions, and recommendations
herein have no applicability to any other design elements or to any other locations, and any and
all subsequent users accept any and all liability resulting from any use or reuse of the data,
opinions, and recommendations without the prior written consent of EM!.

EMI is not responsible for construction means, methods, techniques, sequences, or procedures,
or for safety precautions or programs in connection with the construction, for the acts or
omissions of the Contractor, or any other person performing any of the construction, or for the
failure of any worker to carry out the construction in accordance with the Final construction
drawings and specifications.

Services performed by EMI were conducted in a manner consistent with that level of care and
skill ordinarily exercised by members of the profession currently practicing in the same locality
under similar conditions. No other representation, expressed OJ; implied, and no warranty or
guarantee is included or intended.

Earth Mechanics, Inc.
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING

2.1 Existing Information

Existing subsurface information beneath the Schuyler Heim Bridge is available from reports
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, Inc. (MAA, 1993)
and Diaz-Yourman and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler
Helin Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade
Separation Project, respectively. From these three sources, the only borings in the vicinity of
Retaining Wall Cl were those shown on the as-built Logs-of-Test-Boring (LOTB) sheets
prepared by LKR for the seismic retrofit of the Schuyler Heim Bridge.

For the seismic retrofit project, a total of 20 cone penetration test (CPT) soundings and five
rotary wash borings were performed along the entire Schuyler Heim Bridge alignment. Of those
CPT's and borings, three CPTs were performed near the proposed wall site. The CPT soundings
penetrated to depths between 100 and 133 ft below existing grade with a deepest penetration to
an elevation of -134 ft.

Copies of the as-built LOTB sheets prepared by LKR the seismic retrofit study are provided in
Appendix A.

2.2 Supplemental Field Exploration

A geotechnical field investigation was conducted by EMI for the entire project between October
and November, 2009 which included a total of 22 hollow-stem auger borings, 42 rotary wash
borings and 38 CPT soundings. Of that exploration program, two rotary wash borings and two
CPT soundings were performed in the vicinity of Retaining Wall C1. The purpose of the
explorations was to log subsurface conditions and collect soil samples from locations near the
proposed wall. Soil exploration information is summarized in Table 1. Approximate locations of
the explorations performed by EMI for tins project are shown on Figure 3 and on the LOTB
sheets included at the end of this report. Upon completion, the exploration locations were
surveyed by Wagner Engineering & Survey, Inc. (WES) under a subcontract with EML

2.2.1 Soil Borings

All of the borings surrounding the proposed wall were performed at grade in the undeveloped
area near or beneath the existing New Dock Street on-ramp bridge, east ofthe mainline structure.
The deepest boring penetrated down to about elevation ··156 ft, approximately 155 ft below
ground surface.

The borings were performed by C&L Drilling Co. (C&L), under a subcontract with EMI, using a
truck-mounted drill rig equipped with 5-in diameter tri-cone drill bit and a mud-rotary circulation
drill system. Subsurface soils and conditions were logged and samples of soils were collected for
laboratory testing. Large bulk samples of near-surface soils were logged and collected. Smaller
soil samples were collected from borings generally at 5 ft vertical intervals by means of split
spoon drive samplers; the Standard Penetration Test (SPT) sampler and the Modified California
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Drive (MCD) sampler were used to collect small disturbed and relatively undisturbed samples,
respectively. The MCD is a split-barrel sampler with a tapered cutting tip and lined with a series
of 1 inch tall brass rings. The SPT sampler (1.4 inch ID) and MCD sampler (2.4 inch ID, 3.25
inch Ofr) were driven using a 140 pound hammer falling 30 inches down a total depth of 18
inches or until refusal. The blowcounts for the last ft of penetration were recorded on the boring
logs.

As part of the field investigation, SPT hammer energy measurements were performed by
EarthSpectives (ES) under a subcontract with EM!. Based on those measurements, the average
hammer efficiency was 62 percent in the C&L borings. A copy of the ES report is provided in
Appendix B.

Boring geophysical measurements were also collected by GeoVision under a subcontract with
EMI in six uncased borings as part of the project. Compression (P) and shear (S) wave velocities
were measured along the entire boring depth at the six selected boring locations. A copy of the
GeoVision repOli is provided in Appendix C.

TABLE 1. SOIL EXPLORATION INFORMATION

Approx. Approx. Approx.
Approx. Approx. Bottom of

Boring Line GWE Boring Elevation Method
Station Offset (ft) GSE (ft)

(ft) (ft)

R-09-009 212+16.9 61.0 Lt -0.9 -4.9 -156.3 RW-_.._._--~-_._-- ._--_._-_..._----_._....... _._-_._--_.__.__........._..- ..._ .._._._._._--
R-09-011 "c" 213+81.5 61.5 Lt -1.0 -10.0 -151.3 RW

-----._--_.._-----
Line

----_._--_._---------------_.._.._._............__..__.._--....__.__._..__._........................_...._--_..

CPT-09-076 2J2+22.4 60.0 Lt -0.9 NR -92.1 CPT
._--------._--._... '- _._------_ •._------------_._--_..._---_._----_._--_._--_..-._-_ ................._._-- .....__..__._-"-_.__._..

CPT-09-077 213+86.4 61.3 Lt -0.8 NR -103.2 CPT

Notes: 1. Top ofboring elevations based upon NAVD88.
2. GSE = Ground Surface Elevation (estimatedfrom topographic plans).
3. GWE = Groundwater Elevation.
4. RW = Rotary Wash, CPT = Cone Penetration Test.

2.2.2 CPT Soundings

The CPT soundings were also performed at grade in the undeveloped area near or beneath the
existing New Dock Street on-ramp structure, east of the main bridge structure. The deepest
sounding was advanced down to elevation -103.2 ft, approximately 102.4 ft below ground
surface.

Cone Penetration Test (CPT) soundings were performed by Middle Earth Geo Testing, Inc.
(Middle Earth) under a subcontract with EMI, using an electronic cone penetrometer. in general
accordance with the current ASTM Standards (ASTM D5778 and ASTM D3441). The CPT
equipment consisted of a cone penetrometer assembly mounted at the end of a series of hollow
sounding rods. The cone penetrometer assembly consisted of a conical tip with a 60° apex angle
and a projected cross sectional. area of 1.55 in" (10 em") and a cylindrical friction sleeve with a
surface area of 23.25 in2 (150 em"), The interior of the cone penetrometer is instrumented with
strain gauges that allow simultaneous measurements of cone tip and friction sleeve resistance

Earth Mechanics, Inc.
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during penetration. The cone penetrometer assembly is continuously pushed into the soil by a set
of hydraulic rams at a standard rate of 0.79 inch per second (20 mm per second) while the cone
tip resistance and sleeve friction resistance are recorded every 1.967 inches (50 mm) and stored
in digital form. A specially designed all wheel drive 25-ton truck provides the required reaction
weight for pushing the cone assembly and is also used to transport and house the test equipment.
The computer generated graphical logs include cone resistance, friction resistance, and friction
ratio. Soil behavior type interpretations are based on guidelines by Robertson and Campanella
(1989).

2.3 Laboratory Testing

Laboratory tests were performed to determine relevant physical characteristics and engineering
properties of the in-situ soils at the site. Selected soil samples were tested to determine soil type
and other physical and engineering properties. A list of tests performed, the corresponding test
methods, and purpose of testing is presented in Table 2.

The laboratory soil tests were conducted in general accordance with California Test (CT)
methods or American Society for Testing and Materials (ASTM) standards. The distribution of
laboratory tests is shown on the LOTB sheets at the end of the report and test results are given in
Appendix D.

TABLE 2. EXPLANATION OF LABORATORY TESTS PERFORMED

Type of Test APP~~~~dTest Purpose I
I Dry Density i ASTM D 2937 !Estimate in-situ dry soil density I
1----M~ish;e-Co~t~~t--!·---AsTM·D·-22 i-6---TE~tJ;;-;t~-;:~jfu-;oil-~oisUU:e co;tent .---------....-...-.--------j
t-----------.------...-r-----..-.--.-~--- ..----...- ..-.---.-.."----- -..- ....------.-.--J
i No. 200 Wash i ASTM D 1140 Determine the percentage of fine-grained particles of soil I1--------_·__·+_..._------_·__·_-_·__·_·- .---.---.- .---------..!
! Sieve Analysis & i ASTM D 422
i Hydrometer !r ----.---j-----.--.-.---..--.-..----- ---..-- ..--------
i Atterberg L~~ts__-i ~S!~_D 43~~_ Detenni~eplasticity offme-grained soil

i-'_Specific.. Gravity _~_L ~~...T1::1.P.~54__!2~!eTJI.l.~e ~ecifi~ gravity of soil grains
L __Consolidati?_~ J ~~'!:~PJ'!.3....?____..!?_~~~e compressibility affine-grained soil
I UU Triaxial --1.- AS'!:.~_p'_~850 Estimate strength parameters of fine-grained soil

I Direct Shear I ASTM D 3080 i Estimate strength parameters of soil
r-----·--·-·--··-;--~·--------·----·-··,·-·--;·-----· ..------
! Soil pH ! CT 643 ! Determine pH of soil for corrosion potential evaluation
!Mh;jmum Resisti~iti-T------CT-643-----rDcl;;-~in;resistivity of soil for corrosion potential evaluation
1--·----.---------·:-·-- -···--·-·-··-··-··---·----·---r--·---·· - ------
i... Sulfate Content . ! ... CT 417 . . I Determine sulfate in soil for corrosion potential evaluation !

i --CbJ-;-;:i~t-~~-- -T------·CT4:22------rD~~;;;;:_~~1~1;;_~id_;_in soil for corrosion potential evalu~tTc;n-----1
r

Notes: 1. ASTM = American Society for Testing and Materials.
2. CT = California Test Method.
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3.0 GEOLOGY

3.1 Physiography

The Schuyler Heim Bridge spans the Cerritos Channel in the Port of Long Beach. Like most of
the shipping channels within the port, the Cerritos channel is a man-made channel that was
dredged into the former Wilmington Lagoon which was a coastal marshland with abundant tidal
channels, estuaries, and small marshy islands. The site area is in the coastal area of San Pedro
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the
northeast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the south (Figure
4). The westem margin of the basin is open to the Pacific Ocean except for one prominent hill,
the Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the north from San
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone
(Schell, 2007).

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet above
the plain. The margins of the hills and mountains surrounding the basin are commonly elevated
somewhat above the general level of these major plains by an apron of uplifted sediments such as
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills.

The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills such
as the northwesterly alignment of hills and mesas called the Newport-Inglewood Structural
Zone-NISZ (Figure 4). The NISZ extends from the Newport Bay area on the south to the
Beverly Hills area on the north, and is a result of geologically recent folding and earthquake fault
displacements. The NISZ divides the basin floor into two major plains, The Downey-Tustin
Plain on the northeast and the Torrance plain (including the Long Beach Plain) on the southwest.
The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5).

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers.
These rivers enter the basin through valleys or canyons in the surrounding mountains such as Los
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin
floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all minor
tributaries in the Basin are confined within concrete-or rip-rap-lined channels but in the natural
state they meandered back and forth across the Basin floor, commonly shifting outlets. For
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay through
Ballona gap and the San Gabriel River flowed into Wilmington Lagoon which is now occupied
by the Port of Los Angeles. At present, the Los Angeles River flows to the Port of Long Beach
Los Angeles area.

The floor of the Los Angeles Basin is directly underlain by unconsolidated Quaternary-age sandy
sediments. These generally can be subdivided into loose unconsolidated Holocene-age
sediments which cover the bulk of the basin, and the underlying Pleistocene-age materials of the
Lakewood and San Pedro formations which are only exposed in some of the uplifts of the NISZ
and the marginal plains. Hard rocks occur only in the mountains surrounding the basin and at
depths ranging from a few thousand feet to as much as 30,000 feet in the deepest part of the
central Los Angeles Basin.

Earth Mechanics, Inc.
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Except for the Newport-Inglewood and the Palos Verdes fault zones, most surface geological
faults such as the Santa Monica, Hollywood, and Whittier faults occur along the basin margins
(Figure 4). In Addition to these known surface faults, the Los Angeles region is underlain by
buried thrust and reverse faults. These are poorly understood features with poorly known
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which
make up the Puente Hills blind thrust fault system, are examples (Figure 4). However, any large
earthquakes associated with these subsurface features are most likely to originate at great depths
(e.g. about 10 to 12 miles), and thus these should not impact the subject site significantly more
than similar-sized earthquakes on the nearer Newport Inglewood or Palos Verdes faults. The
1987 Whittier earthquake occurred on one of these subsurface faults (either the Santa Fe Springs
or the Coyote Hills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel
Valley northeast of the site. The 1994 Northridge earthquake occurred on a southerly dipping
buried fault below the San Fernando Valley.

3.2 Stratigraphy

The project area is underlain by a sequence of geologic strata consistent with the general
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles
area. Review of the borehole logs drilled for this project, along with existing boring logs from
other geotechnical studies and from published sources (e.g. Zielbauer, et al., 1962; Wright 1991;
U.S. Geological Survey, 2007; Schell, 2007), indicates similar strata.

The uppermost deposits of most significance to the project were deposited during the last ice age
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise in sea level
was not constant but comprised several fluctuations. Interaction between the fluctuating sea
level and sedimentary deposition from inland streams resulted in a complex association of
irregular and discontinuous beds and lenses of marine and non-marine sedimentary strata. The
major stratigraphic units underlying the project corridor are summarized below:

1) The surficial strata consist of sandy alluvium deposited by streams of the Los Angeles
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along
the coast during the past few thousand years (~ past 5,000 to 7,000 years). These are
about 20 to 30 feet thick.

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These
deposits occur at depths of about 25 ±5 to 70 ±10 feet and represent primarily marine
sediments deposited during the later stages of the most recent rise in sea level that began
about 15,000 to 20,000 years ago. However, these deposits commonly contain sand and
fine gravel lenses deposited by seasonal river flooding during intermittent wetter periods
and storms inland.

3) These are underlain by the Gaspur Formation which is coarser grained sand and gravel
material deposited in a relict channel of the Los Angeles River that was cut when sea
level was lower during the last ice age. As the climate warmed, sea level rose due to
melting ice at the Polar ice caps and the shore line retreated inland. The Gaspur is about
70 ±10 feet to about 190 feet deep and consists of an upper primarily sandy unit and a
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deeper coarser sand and gravel unit. The gravels of the Gaspur channel extend far inland
and comprise a major aquifer in the Los Angeles area.

4) The Gaspur channel was cut into older Pleistocene material of the Lakewood Formation
which is about 160 to 300 thousand years old. The Lakewood is partially marine and
partially non marine that was deposited during previous Pleistocene ice ages. Lakewood
sediments were intermittently exposed to surficial weathering resulting in desiccation,
oxidation, mld soil-profile development. At the site, the Lakewood is about 190 feet to
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Formation.

5) The San Pedro Formation extends to about 1100 ±50 feet depth and comprises gently
tilted marine silts and sands overlying the folded Tertiary-age marine deposits (Pico,
Repetto, Fernando formations), and the ancient igneous and metamorphic basement rocks
at a depth of about 10,000 feet.

TABLE 3. STRATIGRAPHY AND CORRELATION CHART, LONG BEACH AREA

Zielbauer
CADept. of

Geologic
Formation

Sequence
Age Estimate and others

Water
Series (USGS, 2007)

(1962)
Resources

(1961)

Dune/Beach Sand,
Coastal Marsh,

Holocene Transgressive Marine, Dominguez <15 ka Gaspur Gaspur
Stream

Alluvium

Mesa
Older Dune Sand,

Upper
Stream Alluvium, Near- Pacific

shore Marine, 200 ft sand Gage
Pleistocene

Lakewood Fm (Marine Constrained between
and Non Marine) Harbor o stage 5 and 9

(-160-300 ka)

Bent Spring
o stage 9-11
(~300-450 ka)

Upper o stage 12-14
400 ft gravel Lynwood

Wilmington (-475-580 ka)

Lower o stage 15-17+

Lower Wilmington (-580-<780 ka)

Pleistocene
San Pedro Formation -2.0 Ma or >2.6 Ma Upper

from magnetic Silverado
Pliocene A

polarity and
paleontology

Silverado

~2.0 Ma or >2.6 Ma

Pliocene B
from magnetic Lower

polarity and Silverado
paleontology

Upper Pico/Femando
>2.6 Mafrom

Pliocene C magnetic polarity and Pica Pica
Pliocene Formation

paleontology
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Units 1 through 3 were penetrated by many of the deeper on-land borings drilled for this
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand samples are from
the Gaspur Formation. The over-water borings generally penetrated deeper and extended
through the Gaspur into the upper part of the Lakewood Formation. Other units of the
stratigraphic succession (e.g. the Mesa and Pacific paris of the Lakewood Formation) are present
in areas adjacent to the project area but were eroded away by the erosion that accompanied
deposition of the Gaspur sediments and therefore are not important to the project. Likewise, the
San Pedro formation is deep below the site and is not important to the project.

3.3 Geologic Structure

The regional geological structure was introduced above in the geological Setting. The project
area is near the crest of the Wilmington Anticline (Figure 5) which is a west-northwest trending
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late
Pleistocene strata (Lakewood Formation) form a thin veneer across the Wilmington fold and
appear' to be unaffected by the deeper folding and faulting.

There are no known active faults at the project site. The nearest major active faults are the Palos
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the northeast
(Figures 4 and 5). The Thums-Huntington Beach fault is deep below the surface (Figure 6).
This fault is a thrust fault dipping northeasterly at about 25-35 degrees. Some geoscientists
suspect the fault is a potentially active blind thrust fault but high-resolution geophysical data
clearly show the fault does not displace sediments younger than 3 or 4 million years old (Schell,
2007). Furthermore, the fault displacement diminishes toward the northwest and is virtually nil
under the project area (Figures 5 and 6).

3.4 Seisunici~

The project site is in seismically active southern California. The present-day seismotectonic
stress field in the Los Angeles region is one of north-northeasterly compression. This is
indicated by the geologic structures, by earthquake focal-mechanism solutions, and by geodetic
measurements. These data suggest crustal shortening of between 5 and 9 mm/yr across the
greater Los Angeles area (Argus et al., 1999).

Historical earthquake epicenter maps show widespread seismicity throughout the region. The
larger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose
clusters along the Newport-Inglewood Structural Zone, along the southern margin of the Santa
Monica Mountains, along the northern side of the San Fernando Valley, the southern margin of
the Sa.'1 Gabriel Mountains, and in the Coyote Hills-Puente Hills area. Although historical
earthquakes have OCCUlTed in proximity to known faults, they are often difficult to directly
associate with mapped faults unless there was a surface rupture or a robust sequence of
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be
correlated with known faults. Part of the correlation difficulty is due to the fact that the basin is
underlain by the subsurface blind thrust faults that are not likely to be discovered until they
rupture during an earthquake.

Earth Mechanics, Inc.
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The largest historical earthquakes in the region were the 1994 Northridge and the 1971 San
Fernando earthquake both of which occurred north of the Los Angeles Basin (Figure 7). The
1994 earthquake had a moment magnitude (Mi») of about 6.7 (Ms = 6.8, ML= 6.4), and OCCUlTed
on a southerly dipping subsurface fault which was unknown prior to the earthquake. The main
shock OCCUlTed at a depth of about 12 miles below the community of Reseda in the San Femando
Valley. Earthquake aftershocks clearly defined the rupture surface dipping about 35 degrees
southerly from a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The causative fault
was never identified with certainty, but it may have been on the eastern extension of the
Oakridge fault (Yeats and Huftile, 1995), a southerly dipping fault bounding the Ventura Basin
and dipping under the Santa Susana Mountains.

The 1971 San Fernando earthquake was of similar size (Mw = 6.7, Ms = 6.4, ML = 6.4) to the
1994 event but did involve surface rupture. The 1971 event OCCUlTed on a northerly dipping
thrust fault that dips from the northern side of the San Fernando Valley to a depth of about 9
miles under the San Gabriel Mountains. Several mapped surface faults such as the Sylmar fault,
Tujunga fault, and Lakeview fault were involved. These faults are commonly considered to be
part of the Sierra Madre fault system which extends easterly along the southern margin of the
San Gabriel Mountains from the San Fernando Valley to the north side of the San Gabriel
Valley, and to the Cucamonga fault in the San Bernardino area.

The largest historical earthquake in the Los Angeles region to have a major impact on the site
area was the1933 Long Beach event which had a magnitude of about Mw = 6.4 (ML= 6.3). This
earthquake did not rupture the surface but is believed to have been associated with the Newport
Inglewood Structural Zone because of the distribution of aftershocks and the abundance of
ground disturbances in proximity to the fault zone (Figure 7). Although ground failures were
abundant along the NISZ trend, no unequivocal surface rupture was identified (Benioff, 1938).
Reevaluation of the seismicity data by Hauksson and Gross (1991) led to relocation of the 1933
earthquake hypocenter to a depth of about 6 miles below the Huntington Beach-Newport Beach
city boundary.

The 1987 Whittier earthquake (ML = 5.9, Mw = 5.9) occurred on subsurface faults dipping under
the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer, 1999; Shaw
et al., 2002). This zone of faults is referred to as the Puente Hills blind thrust fault system
(Figure 4). TIns event did not rupture the ground surface.

Another significant earthquake in the Los Angeles region was the 1812 earthquake which caused
damage at the San Juan Capistrano Mission. The location and magnitude of the 1812 earthquake
are unknown because of the sparse population at the time, but geological studies (Jacoby et al.,
1987; Weldon et al., 2004) postulated that it did not occur in the Los Angeles Basin area, but
rather, was a large (M> 7.0) distant event on the San Andreas fault in the Wrightwood area of the
San Gabriel Mountains.

The earliest documented earthquake in the region was reported by the Spanish Portola'
expedition as they camped near the Santa Ana River in 1769. Tills event has been attributed by
various geoscientists to just about every fault in the Los Angeles area but it could just as well
have been a distant event that shook a wide area as did the 1971 San Femando, the 1987
Whittier, and the 1994 Northridge events, as well as many other more-distant events (for
example, the 1812 or 1992 Landers events).
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3.5 Geologic Hazards

3.5.1 Surface Fault Rupture

Na surficial faults are known at the site, therefore the potential for ground rupture due to faulting
is negligible. The nearest major faults with a known potential for surface rupture are the
Newport-Inglewood zone to the northeast and the Palos Verdes Hill fault to the southwest
(Figures 4, 5, and 6).

3.5.2 Subsidence

The ground surface in the Long Beach Harbor area has undergone substantial lowering during
the 20th century due to subsidence of the sediments and rocks underlying the area. Some of this
subsidence may have been due to natural causes (e.g. natural ground-water decline, sediment
compaction, tectonics, 1933 Long Beach earthquake), Harris (1945) estimated natural
subsidence of about half an inch per year. The principal cause of the subsidence has been
attributed to withdrawal of oil and gas (Allen, 1984; Strehle, 1987), but ground-water extraction
undoubtedly contributed, perhaps 2 feet out of the 29 feet (7%), to the total subsidence.

Subsidence accelerated with development of the Wilmington oil field in 1936. The area of
subsidence forms a circular or bowl-shaped area centered on the northeast comer of Terminal
Island (Figure SA). The maximum subsidence in the center of the subsidence bowl is about 29
feet. Subsidence along the Heirn Bridge project corridor in the western part of the subsidence
bowl was about 14 feet (Figure 8A). The maximum rate of subsidence reached about 2.4 feet per
year by 1951. The subsidence was so great that dikes had to be built within the harbor area to
prevent flooding by sea water. Some of the subsided areas behind the dikes have recently been
filled bringing the ground surface back to above sea level (~ +15 feet).

Subsidence was arrested by restoring pressure to the oil zones through injection of water into the
oil wells. This has not only stopped subsidence but has resulted in some rebound, and also has
been of economic benefit by driving more oil to the producing wells. Initial injection began in
1953 but was not fully established until about 1958; by 1961 injection was widespread.
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in 1958
and reached a maximum by about 1964 with only minor fluctuations since. Maximum elevation
rebound has been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet
(Figure 8B).

The subsidence did not cause significant damage to most surface facilities but it did damage oil
wells at about 1,500-2,000 feet depth, and induced several small earthquakes. In all, about 500
wells were damaged, Some of the oil well casings were sheared off or so severely damaged that
the wells had to be abandoned and redrilled,

Mathematical calculations indicate that up to 66 feet of subsidence could occur if allowed to
continue unchecked. To prevent and control further subsidence, injection must be maintained
even after cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department
(LBGOD) surveys elevation changes twice a year, and monitors oil field fluid injection designed
to correct elevation changes. The LBGOD estimates survey accuracy of about 0.24 inches; areas
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are considered to be stable if elevation changes are less than that (LBGOD, 2009). Bench marks
rise and fall in a somewhat random manner that is not completely understood but injections do
seem to correct elevation changes. The con-elation between injection and elevation rebound
appears to be good, but it may take a few months to a year or so to be fully realized.

There are 3 "index" bench marks near the Heim Bridge; one at the north abutment and two more
a little farther to the north, Several other bench marks are scattered around the bridge area.
Based on measurements of these benchmarks, it appears that subsidence of the Heim Bridge area
has resumed since 1995 and total subsidence of about 2 feet has been observed in the Heim
Bridge area since 1995. During the recent years, the armual subsidence rate seems to have
decreased; Measurements were approximately 0.6 in. during the period between May 2007 and
April 2008 and about 0.2 in during the period between November 2008 and April 2009
(LBGOD, 2009).

3.5.3 Flooding

The flood inundation map in the Los Angeles County safety element of the General Plan (1990)
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of
when it is full, is quite small and it is difficult to imagine that a significant flood surge could be
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and
Los Angeles Basin; therefore, the potential for flooding of the site is considered low.

3.5.4 Tsunami and Seiche

Tsunamis are sea waves generated by submarine earthquakes, landslides, and volcanic eruptions,
Seiches are waves internal to an enclosed or highly restricted body of water that wash back and
forth across the basin. Smaller tsunamis may be common but their run-ups are no more than
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunamis
are caused by submarine earthquakes with a magnitude of about 7 or larger,

Most tsunamis to affect the Los Angeles-Long Beach harbor areas have been generated by
distant earthquakes although California has had few locally generated, historic tsunamis, namely
the 1812 Santa Barbara earthquake and the 1927 Point Arguello earthquake. According to
Houston (1979), the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being
the worst) indicating a potential for water run-ups of 5 to 15 feet.

California has been struck by several other significant tsunamis generated in the northern Pacific
(for example, the 1946 Aleutian earthquake of M» = 7.8 and 1964 Alaska event of M» = 9.2); and
in the southern Pacific (1922 Chile earthquake of M» = 8.4 and the 1960 Chile event of M« =

9.5). The 1964 Alaska earthquake caused severe damage and 15 fatalities in northern California.
In southern California, the most serious recorded tsunami was generated by the 1 960 Chile
earthquake. The greatest damage occurred in the Long Beach-Los Angeles Harbor where 5-foot
high seiche waves surged back and forth in. the charmels. Currents of 12 knots were reported as
the water rose and fell rapidly. A 6-foot drop in water level occurred in 1 minute at Long Beach
and 3 foot drop in 5 minutes along the Cerritos Charmel. The currents tore some 300 small boats
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and yachts from the slips and as many as 30 were sunk. Damage was estimated at between
$500,000 to over $1,000,000.

A comprehensive tsunami analysis for the ports of Long Beach and Los Angeles by Moffat &
Nichol (2007) basically confirmed the tsunami hazard from distant events. The analysis included
tsunamis generated by local sources such an earthquakes in the nearby offshore Southern
California Continental Borderland, and by landslides off the Palos Verdes shelf. No tsunamis
have been documented from such local events during historical times. These events are
extremely rare with recurrence intervals up to about 10,000 years. The results of the analysis
indicate that the maximum water level within the Cerritos channel near Heim bridge could be as
high as about 11 feet. Current speeds should be less than about 3 ft/sec.

Earth Mechanics, Inc.
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4.0 SUBSURFACE CONDITIONS

4.1 Subsurface Conditions

Soil stratigraphy is defined by the available soils information and the exploratory borings and
CPT soundings (described in Section 2) performed under the supervision of EMI personnel for
the project. Within the depths explored (down to about elevation -155.9 ft), the subsurface
profile consists of about 75 ft ofinterlayered alluvial deposits overlying Gaspur Formation sand.

At the subject wall site, natural grade lies at an elevation of about zero, with the approach
embankment for the existing New Dock Street On-Ramp consisting of import fill extending to a
maximum elevation of about +15 ft. The near surface deposits consist of silty sand and sandy silt
between natural grade and about elevation -25 ft. The near surface deposits are underlain by a
thick strata of inter-layered soft to stiff silt, sandy silt, clay, and loose silty sand down to about
elevation -75 ft. Below elevation -75 ft, lies the Gaspur Formation which consists of dense to
very dense sand and silty sand within the depths explored.

It should be noted that the above soil description is general and is intended to describe the
subsurface in very broad terms. The soil descriptions above should not be construed to mean that
the subsurface profile is uniform and that soil is homogeneous within the project area. For details
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of the report.

4.2 Groundwater Conditions

Groundwater was not recorded in any of the CPT soundings performed in 1996 for the
Geotechnical Investigation by LKR (LKR, 1998). During the EMI investigation in 2009,
groundwater was recorded in both of the borings performed near the proposed wall between
elevation -5.0 ft and -10.0 feet. The elevation that groundwater was encountered in each boring is
listed in Table 1 and also on LOTB sheets at the end of the report. However, due to the proximity
of the site to the Cerritos Channel, where the water elevation is dictated by tidal fluctuations,
higher groundwater elevations than those encountered during the field investigation are likely.

Based on the observed high water groundwater elevation for the Cerritos Channel, the design
groundwater was placed conservatively at elevation +5 ft or the ground surface in locations
where finished grade is proposed to be below elevation +5 ft.

4.3 Idealized Soil Profile

Based on information collected from borings R-09-009, R-09-011and CPT soundings CPT-09
076 and CPT-09-077 an idealized soil profile for foundation analysis and design was developed
along the proposed wall alignment. The subsurface profile beneath the propose structure is
shown in Figure 9. The soil profile and design strength parameters are presented below in
Table 4.

Earth Mechanics, Inc.
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TABLE 4. IDEALIZED SOIL PROFILE AND PARAMETERS

Approx. Elev. (ft) Predominant Soil Type
Total Unit

Weight
(lb/ft3

)

Cohesion
(lb/ft2

)

Friction
Angle

(degree)

o2,000120-47.0 to -62.0

+23.0 to +0.0 Silty Sand (assumed embankment fill) 120 200 32_.__._----_._._-_._--'_.__._-------------'._----_._--,-_._---_...._--_._-_._------_..-._--_.__._.,

+0.0 to -11.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 30
-------_._-_._-------------_._--_. _.__._-_._-----------_..._----_._.-

-11.0 to -20.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 32------------ _...__._.__..__.- --_.
-20.0 to -25.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 30---_.._---_.._----------------_.__._-----_._---------.--_...

-25.0 to -47.0 Sandy Silt / Silty Clay / Lean Clay 120 1,000 0
---_._,._----_.- -------------------_."--------_.._._---------

Clayey Silt / Clay with Silt / Clay with
Sand --_.-..._-----_.._-------

o1,500120-62.0 to -75.0
Clayey Silt / Silt with Sand / Silt with

Clay_._---------_._-_._----._-_._-----_..._._-_._..._._----_._--------_._---_._-.-._----
-75.0 to -150.0 Sand / Sand with Silt! Silty Sand 125 0 38

Earth Mechanics, Inc.
Geolechnical 8. Earthquake Engineering



...

. .. . . . . .. .

L )

5 ° 200
Friction Ratio Tip Resistance

' SM 5016" ('/;) . (hifj

l ' .'1 ;" , ," I ( r 'II ~ ,I ,' I '"1
; ', ' '_ :

·70 -

+0

+30-

-90 -

... ..... ·110- ..... SP'SM50/6"

. +10-

.. .. D' .Si.9"~a..erE. .I•.....+5 ft \.................. . ._ '_ 1_- -i. .," II I" i

....J +d9'07~ · \1 I ..... J
----f--~HJ~ri~~~ m (45flri9ht) -? - - . . =r~(3Q~~c(R~ri~E--. .---

.10 _ SM-i'(12) ~ ~ I I S~ 131 1 L!~ ~1-

-zo- ":~" TJ . ":: ~ '\
SP-SM (32) b t-i SM 5 : ~ l--' ?'

CL:~~ ~10) L-f: , . .. ~~_~~ 4 ~ . t ·'''··,.. m .

: -0
... ... .. ... .... ~~20 . ..; C i CUMALL' (" 3°) ! '<!' II(> i ; .

: ~ 13,
Cl.lPusf .. .. .. ( ' CH (, 3) '3.-11t1 it ··..

CL·ML (19) i.! c: ML 18 : J ?"

···· · ·· · ·CL:ML 21··· " ii le ; .
:~:' . ~_ ( :~ ;~.r .-~~p"'; . .; .

..... ........ . •80 _ . .. ... . . ... :~ ~~0/5") L !> '7 SP·SM 45 " 2:~
i~ Q ' SPCSM (HEF/5") "!

. ' SP SO/6" I ~ " SM 961T1" 7 -R~. . .

F , ,5 ° ~ ~riction Ratio
.. ···· · , 00 - . . ······ ··· SP 65 .... . . . . (%) TiP R,eil:~anee SpcSM93/lT"

1 +20 -

... ····· ·120 - .... ····· SrcSM 92110".. ....... . SpcSM 50/6"

-130 - SP'SM 50/6"

Boring LogLegend

Bori ngNo.
(Appr.offset) Cal Mod Sampler

Field Measured "' ,"" ~ Bloweount
Water Table~ (22)

_ _ _ SPTSampler
Soil type based SM 9 ~ Bloweount

on "uscs· SP (33)

~l: Earth Mechanics, Inc.
',.," ' ~ - Geotechnical and Earthquake Engineer ing

Zoneofliquefiable
materialduring CLE

ACTA SCHUYLER HElM BRIDGE
REPLACEMENT PROJECT

Project No. 06-123 I Date: 5-10-10
Subsurface Profile

Figure 9



25

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Seismic Evaluation

As part of EMI's scope of work for the Schuyler Heim Bridge (Replace) project, a ground
motion study was performed in accordance with the 2009 Caltrans Seismic Design Criteria
(Caltrans, 2009). Due to the weak near surface deposits encountered throughout the project area,
a site response analysis was performed to develop the design acceleration response spectra.

As described in Section 2, down-hole shear wave velocity measurements were taken in six of the
rotary wash borings performed along the mainline bridge alignment. Shear wave velocity
profiles were generated for the upper 30 meters (100 ft) of the soil profile and input into the
program SHAKE91 along with the seven sets of spectrum compatible time histories to develop a
site specific ARS spectrum. The design ARS spectrum was generated by enveloping the mean
plus one standard deviation surface ground accelerations from the SHAKE analysis. Details of
the site specific ground motion study are summarized in a memorandum prepared by EMI, which
is included in Appendix E.

The site response analysis, performed in accordance with the 2009 SDC, results in a peak ground
acceleration (PGA) of 0.5g for the site. Liquefaction potential and seismic settlement analysis
were performed using a PGA of 0.5g resulting from a magnitude 7.0 event. Pseudo-static global
stability analyses were performed using a seismic coefficient of 0.17 equal to one-third the PGA
in accordance with Caltrans guidelines (Caltrans, 2006e).

(hound R1!121ur~: No known active surface faults traverse the project area. The California
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the
proximity of the site. Therefore; the risk of ground surface rupture and related hazards is
considered low.

5.2 Soil Liquefaction Potential and Seismically-Induced Settlement

The liquefaction potential of the saturated, granular materials below the water table was
evaluated using the procedures outlined by Seed et al. (1983) and updated by NCEER (1997) and
Youd. et al. (2001). For liquefaction potential evaluation of clayey soils, the procedure outlined in
Boulanger and Idriss (2006) was used. The seismically-induced soil settlement was estimated
using the procedures outlined by Tokimatsuand Seed (1987). As discussed in Section 4.2, the
design ground'water was assumed to be at the lower of elevation +5 ft or the ground surface for
the liquefaction potential evaluation.

Layers, pockets and lenses of saturated coarse-grained alluvial deposits above the dense Gaspur
Formation (located below approximate elevation ·,75 ft) are expected to be susceptible to
liquefaction. Seismically induced-settlements of a few to several inches are anticipated. The
elevations of the potentially liquefiable material and the corresponding anticipated seismic
settlements are shown in Table 5. The location of the potentially liquefiable material during the
design earthquake is also identified in the subsurface profile shown in Figure 9.
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Ge ot e ch nic a l & Ea rthqu a ke Engineering



26

TABLE 5. LIQUEFACTION AND SEISMIC SETTLEMENT ANALYSIS RESULTS

Boring/CPT
Sounding No.

Approximate Elevations of
Liquefiable Zones

(ft))

Layer Approximate
Seismically induced
Settlement (inches)

Total Approximate
Seismically induced
Settlement (inches)

R-09-009

R-09-011

CPT-09-076

CPT-·09-077

-1 to -8 1.4
........._._ _--_._ __.._. . __.._------,--_.

-13 to -28 2.3

-1 to -13 2.0
.........._ _.__.._ _--_. . __ _--_ _._ _ _-_._---_.-.------

-18to-33 3.7
.._-_ - _- __ _ - -..-_ __ _-_._---------

-53 to -58 0.8

-7.0 to -9.3 0.1
............................__ _--_ _-_ _-- _ _..__..__ ~ _._-.._----------

-14.0 to -15.7 0.1
.........................._-_ __ _-_.._ _-_ _ _ _-------------

-18.7 to -30.1 0.5
....._ __ __ _..---_ __ _ - - _.... . _--

-33.2 to -34.7 0.2
........_ __ _..-_ _._ _-- _ __ - _----_._--_._-------

-44.8to-45.8 0.1

-7.9to-8.9 0.1
........._.._._._-_......_-_ ....-..__.-._--_..__...---_....-_..._._._._._.._--_. ----

-10.3 to -13.0 0.1
.........__ __ _ __..~ __ _ _- _- _---_._--------._-

-20.7 to -34.7 2.9._..-.._._ .._._._._ _ _ _ _ __..- - - _ _ _-- _._._-_._._-------
-60.3 to -62.1 0.1

3.7

6.5

1.0

3.2

Notes: 1. Elevations are based on NAVD88.

5.3 sen Corroslvity

Samples representative of soils throughout the project area were tested to determine corrosivity
including minimum resistivity, pH, soluble sulfate content, and soluble chloride content. Two
soil samples were tested for corrosivity using the procedures described in California Test
methods 417, 422, 532, and 643. The pH was deterrnined to be 7.4 and 7.5, the minimum
resistivities were 200 and 2,200 ohm-em, soluble chloride contents were 152·and 568 parts per
million (ppm) and soluble sulfate contents were 116 and 514 ppm.

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5
or less, or the chloride concentration is 500 parts per million (ppm) or greater, or the sulfate
concentration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered
to be corrosive.

The backfill for the reinforced soil mass should conform to the corrosion requirements per
Caltrans Standard Special Provision (SSP) for MSE walls. For MSE walls with metallic soil
reinforcement, the permeable backfill material should meet the following requirements:
minimum resistivity of 2,000 ohm-em, chlorides less than 250 ppm, sulfates less than 500 ppm,
and pH between 5.5 and 10. Permeable material with geosynthetic soil reinforcement should
have a pH between 4.5 and 9.0.

Earth Mechanics, Inc.
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5,4 Mechanically Stabilized Earth Wall Recommendations

As discussed in Section 1.2, the maximum design height of the MSE is about 16 ft. Due to the
presence of compressible soil, construction of the proposed New Dock Street On-Ramp
embankment is expected to induce long-term consolidation settlement within the footprint of the
proposed approach. Several wall alternatives were considered, and ultimately an MSE wall was
selected because of its ability to tolerate substantial amount of total and differential settlements.

The MSE wall should be designed based on Section 5 of the Caltrans BDS (Caltrans, 2004).

5,4.1 Lateral Earth Pressures

Using Section 5.5.5.8 of the Caltrans BDS (Caltrans, 2004), an active earth pressure coefficient
of 0.3 and a soil unit weight of 120 pcf is recommended for the proposed MSE wall (i.e., 36 pcf
equivalent fluid pressure), which retains level backfill. An additional lateral uniform pressure of
75 psf due to a traffic surcharge equivalent to a vertical pressure of 250 psf should be added to

.the above lateral earth pressure values, where applicable. The lateral active earth pressure
resultant should be applied to the back of the MSE wall at H/3 ft above the bottom of the wall (H
is the wall height in ft).

Per Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of earthquakes need to be
considered in the design of retaining walls which support bridge abutments, soundwalls, or other
installations for which there is a low tolerance for failure. Since the subject MSE wall does not
support any structure for which there is a low tolerance for failure, per Caltrans practice, the
MSE wall does not need to be designed for seismic earth pressures.

5.4.2 Bearing Capacity

Bearing Capacity of MSE Structure: Using the maximum wall height of 16 ft and base width of
12 ft near the northern end of the wall at Sta. 213+70 ("C" Line), the bearing pressure induced on
the underlying foundation soil is 2.7 ksf. Using a base width of 12 ft and a remedial excavation
of 1 ft (see Section 5.4.8), the allowable bearing capacity of the sand directly beneath the MSE
wall is greater than 2.7 ksf. Therefore, the allowable bearing capacities exceed the bearing
pressures induced by the wall.

Bearing Capacity of Leveling Pad: Leveling pads supporting the wall face may be supported on
the in-situ soil. They should be embedded to a depth of 0.1H (where H = height of wall in feet),
but not less than 2 ft below lowest adjacent grade. The allowable bearing capacity for the
leveling pad is recommended to be 2.5 ksf.

Earth Mechanics, Inc.
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TABLE 6. MSE WALL Cl STABILITY ANALYSES

Approx.
"E"
Line

Station

426+06

Max MSE Bearing Capacity Global Stability
Wall Strap Factor of Safety Factor of Safety

Height Length
During During

(ft) (ft)
Surcharge

Permanent
Surcharge

Static'!' Psuedo-Static'!'

16 12 5.7 6.6 1.56 1.75 1.12

Notes:

(1) Factor of safety based upon level backfill and 240 psf equivalent vehicle surcharge for static condition. No
vehicle surcharge for psueudo-static condition.

(2) Governing psuedo-static factor of safety based upon static horizontal inertial force equal to one-third the
peak design ground acceleration; 0.17g per Caltrans guidelines (2006e).

(3) Demand bearing pressures for MSE walls as shown in Catrans Bridge Design Aids, 2002 for Loading
Condition I.

5.4.3 Settlement

Standard procedures were used to evaluate ground settlement of the underlying foundation soils
due to the proposed MSE and associated embankment fill placement. Generally, fills induce
immediate and consolidation settlement of underlying soils. Immediate settlement occurs during
grading and consolidation settlement occurs over varying time periods. Consolidation settlement
(magnitude and time period) is directly related to the depth of fill placed over compressible soil
and the thickness of compressible soil layers. Immediate settlement which is estimated to be
negligible in this case occurs during grading or shortly thereafter, while consolidation settlement,
which in this case is considerable, occurs over varying time periods.

Based on cross-sections provided by the roadway designers, the potential settlement beneath the
proposed wall was evaluated at "C" Line Stations 212+50, 213+00, and 213+50. The provided
cross-sections indicate that the existing embankment will be widened by as much as 5 feet at the
crest and the embankment height will be increased by up to about 7 feet. Based on our
calculations, settlement of soils underlying the proposed retaining wall is estimated to be about 2
to 3 inches along the length of the wall, with a differential settlement of about 1 inch over a 100
feet long section. The settlement period is estimated to be about 30 weeks to reduce the
remaining long-term settlement to less than 'ii-inch. If a 5-ft embankment surcharge is applied,
the settlement period is reduced to about 13 weeks. For a 7-ft embankment surcharge, the
settlement period is reduced to about 10 weeks.

The surcharge heights referred to in these recommendations are measured relative to the finished
grade of the proposed embankments. Settlement periods with surcharge begin once the full
surcharge height is completed. Waiting periods without surcharge begin once the project grade is
constructed to the top of the finished subgrade.

Settlement Monitoring Recommendations: Based on our experience, the calculated settlements
and settlement periods are approximations of actual field observations. Due to the variability of
subsurface conditions and the thinly layered nature of soil deposits, settlement monitoring is
recommended.

Earth Mechanics, Inc.
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A settlement monitoring program should be implemented for the proposed MSE wall. Surface
monuments should be placed on the face of the MSE wall to measure any vertical or lateral
movement. In addition, surface settlement monuments, constructed in accordance with Caltrans
Standard Plan Sheet A74 or equivalent (Caltrans, 2006b), should be placed at the maximum wall
heights and at every 100 ft along the length of the MSE wall. The settlement monuments should
be installed in a timely manner upon completion of wall construction. Special care should be
exercised in the field to survey and protect these settlement devices. The monuments should be
monitored at the time of installation, on a weekly basis for a month, and then once every 2 weeks
thereafter until it has been verified by the Engineer that the remaining settlement for the
embankment is acceptable. The uppermost levels of wall facing, coping, roadway pavement,
hardscape, and any other improvements should not be constructed until the remaining settlement
is within acceptable limits (i.e., V;-inch or less).

5.4.4 Overexcavation

Along the proposed wall alignment, the base of the MSE structure will be founded on the
existing approach embankment fill. EMI recommends remedial grading consisting of a 1 ft
overexcavation. The bottom of the overexcavation should be scarified to a minimum depth of 8
inches, moisture conditioned to near optimum moisture content, and compacted to a minimum 90
percent relative compaction. The overexcavation should be backfilled using granular, non
expansive soils. The overexcavation should extend at least 1 ft beyond the outer edge of the
leveling pad and 1 ft beyond the back of the reinforced zone behind the wall.

5A.5 Global WaH Stability

The "global" stability of the western embankment side slope was evaluated for both static and
pseudo-static conditions using the computer program GSTABLE7 (Gregory, 2006). Strengths of
liquefiable soils were estimated using the method outlined in Seed and Harder (1990). The
material used for the fill is assumed to have a friction angle of 32 degrees and minimum
cohesion of 200 psf. The cross-section selected for stability analysis was near "C" Line Sta.
213+60.

The soil strength within the reinforced earth zone is assumed to have a friction angle of 34
degrees and 200 psf cohesion. The in-situ shear strengths of existing fill material and in-situ
native soils vary and are provided in Table 4.

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability analysis for
the seismic condition was performed using the pseudo-static approach with a seismic coefficient
of.0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peak Iiorizontal
acceleration (0.5 g, based on the site specific ground motion study, see Appendix E) but not
exceeding 0.2.

According to the results of the analyses and Caltrans guidelines, the slopes meet the JI1lnm1Um
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1 .1 for the
seismic condition per Caltrans Foundation Design Guidelines (2006e).

Earth Mechanics, Inc.
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5.4.6 Drainage

Sufficient drainage should be provided at the roadway surface of the embankment and between
the pavement structure and the top of the MSE Wall to minimize accumulation of water within
the MSE mass during the life of the structure.

Earth Mechanics, Inc.
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6.0 CONSTRUCTION CONSIDERATIONS

All work should be performed in accordance with the Caltrans Standard Specifications (Caltrans,
2006c) except as indicated in the Special Provisions prepared for the project improvements.

6.1 Earthwork

6.1.1 General

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard
Specifications (Caltrans, 2006c). Appropriate measures should be taken to prevent damage to
adjacent existing structures and utilities. Design and construction of temporary slopes or shoring
should be made the contractor's responsibility. It should be noted that it is the responsibility of
the contractor to oversee the safety of the workers in the field during construction, The contractor
shall conform to all applicable occupational safety and health standards, rules, regulations, and
orders established by the State of California. In addition, other State, County, or Municipal
regulations may supersede the recommendations presented in this section. If a trench shoring
design and safety plan is required, the geotechnical consultant should review the plan to confirm
that recommendations presented in this report have been applied to the design.

Heavy construction equipment should not be used immediately adjacent to shoring due to large
lateral pressures induced by such equipment unless the shoring is designed to accommodate
resulting pressures. Excavated soil or construction materials should not be stockpiled adjacent to
shoring or open excavations. Stockpiled soil and construction materials should be set back a
distance at least equal to the height of the excavation.

In fill areas, complete removal of compressible surficial materials including vegetation, topsoil,
loose or soft alluvium, and otherwise unsuitable material is required prior to fill placement. A
minimum overexcavation of 2 ft is recommended within all areas to receive compacted fill; the
overexcavation should extend horizontally a minimum distance of 2 ft from edges of new fills or
structures, Actual depths and extent of the required removals should be determined in the field
by qualified geotechnical personnel. Overexcavated areas should be cleaned of loose soils and
debris and should be observed to be finn and unyielding before receiving fill. The bottom of the
overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned to near
optimum moisture content, and compacted in place to at least 90 percent relative compaction.

6.1.2 Cuts and Excavations

Preliminary plans do not show any permanent cuts necessary to achieve finish grades. However,
temporary cuts may be required to facilitate the construction of proposed improvements.
Temporary excavations, including temporary sloping or shoring, will need to be designed by the
contractor for local and global stability, once the means and methods of construction are
determined.

Earth Mechanics, Inc.
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6.1.3 Groundwater Control

Groundwater was encountered in both of the borings performed near the proposed wall between
Elevation -5.0 and -10.0 ft. Based on latest cross sections provided by the designers, the bottom
of proposed leveling pad is at approximate E1. +5 ft. The deepest excavation for the proposed
MSE wall is expected to be several feet above the observed groundwater elevations. However,
due to the proximity of the site to the Cerritos Channel where the water elevation is dictated by
tidal fluctuations, higher groundwater elevations than those encountered during the field
investigation are likely; therefore, the contractor should be prepared to control groundwater
during footing construction. Any groundwater encountered during footing construction should be
controlled in accordance with Section 19-3.04 of the Caltrans Standard Specifications (2006c).
Any seepage or groundwater removed from an excavation should be tested and disposed of in
compliance with all applicable local, state and federal requirements. Free water should not be
allowed to stand in any excavations. If excavations become flooded, at least the bottom 6 inches
of soil should be removed and replaced or re-compacted to 95 percent relative compaction.
Additional removals may be required at the discretion ofthe Engineer.

6.2 Review of Construction Plans

Recommendations contained herein are based on current design information. The geotechnical
consultant should review the final construction plans and specifications in order to confirm that
the general intent of the recommendations contained in this report have been incorporated into
the final construction documents.

6.3 Geotechnical Observation and Testing

Qualified geotechnical personnel should perform inspections and testing during the following
stages of construction:

• Grading operations, including excavations and placement of compacted fill.
e Placement of reinforcing elements for the MSE structure.
e Shoring installation.
III Removal or installation of support of buried utilities or structures.
" When any unusual subsurface conditions are encountered.
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APPENDIXB.

EARTHSPECTIVES SPT HAMMER ENERGY MEASUREMENT REPORT



EARTH$PECTIVES
250 Goddard
Irvine, California 92618

Phone: (949) 777-1270
Fax: (949) 777-1283

November 12, 2009
EarthMechanic, Inc.
17660 Newhope, Suite E
Fountain Valley, California 92708

Attention: Mr. Ranjan Guneranjan

Dear Ranjan:

SPT Hammer Energy Measurement
Borings A-09-053, R-09-004, and R-09-009
ACTA Schuyler Heim Bridge Replacement
Long Beach, California
ES Project No. 09095-141

INTRODUCTION

This letter report summarizes the results of EarthSpectives' (ES) SPT hammer energy measurements

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It

provides a description of the test program and results.

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and

6066 test standards. Results are summarized in Table 1, while more details regarding energy records

are provided in Appendix A.

TESTING CONDITIONS

Test Borings
SPT hammer energy measurements were performed at three boring locations drilled by th ree different

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig

equipped with a Automatic trip hammer and HF2-5/8 drill rod, while C&L Drilling samplers were

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made

drill rod.

Instrumentation
SPT energy measurements were performed by placing a 2 ft instrumented section of drill rod at the top

of the drill string between the hammer and the existing sampling rods. The instruments consist of two

Geotechnical Specialty Engineering



sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The

raw data were stored directly on a portable field computer for subsequent analysis in the office.

RESULTS

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred

energy to rated energy of the hammer which is the product of the weight of the hammer times the

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft).

TABLE 1- SUMMARY OF SPT HAMMER ENERGY MEASUREMTS

AVERAGE SPT HAMMER EFFICIENCY
(ENERGY TRANSFER RATIO

SAMPLING DEPTH BORING A-09-053 BORING R-09-004 BORING R-09-009

(FT)
2R Drilling, Inc. So Cal drilling, Inc. C&L Drilling, Inc.

Hollow Stem Mud Rotary Mud Rotary
Automatic Trip hammer Automatic Trip hammer Rope and Cat-Head

Manual Hammer
5 77%, 92%, 87% -- --
10 72%, 95%, 87% 49%, 76%, 65% 50%,64%,58%
15 75%, 84%, 80% -- --
20 73%, 88%, 83% -- 48%, 69%, 61%
21 -- 77%, 80%, 79% --
25 71%,76%,74% -- --
30 70%, 86%, 82% 77%,81%,80% 49%,69%, 58%
35 80%, 84%, 82% -- --
40 79%, 85%, 83% 77%, 84%, 82% 56%, 73%, 65%
45 81%, 86%, 84% -- --
50 78%, 83%, 81% -- --
56 -- 79%, 82%, 80% --
60 -- 78%, 85%, 83% 49%,74%,64%
70 -- 78%,81%,80% 51%,73%,59%
80 -- 76%, 83%, 82% 47%, 78%, 65%
90 -- 78%, 82%, 80% 41%,76%,54%
100 -- -- 51%, 76%, 63%
105 -- 75%,84%,81% --
110 -- -- 51%,8·1 %,66%
115 -- 76%, 80%, 79% --
120 -- -- 36%, 78%, 62%
125 -- 75%, 81%, 80% --
130 -- -- 51%, 80%, 68%
135 -- 73%, 80%, 78% --
140 -- -- 43%, 70%, 61%
145 -- 75%,81%,80% --
155 -- 78%,84%,81% 36%, 75%, 62%

NOTE: Numbers in each cell are Min, Max, and Avg efficiency for that sampling depth

- 2 -



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of

blow number in Appendix A. Table immediately following the plot also provides the minimum,

maximum, and average values at each sampling depth in addition to raw data.

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall

average of 62 percent for boring hole R-09-009.

LIMITATiONS

Professional judgments represented in this report are based on evaluations of the technical

information gathered, our understanding of the proposed construction, and our general experience in

the qeotechnlcal field. We do not guarantee the performance of the project in any respect, only that

our engineering work and judgments are rendered while strivinqto meet the standard of care of our

profession at this time.

CLOSURE

It has been a pleasure serving you on this project and we look forward to working with you again.

Please call if you have any questions.

Sincerely Submitted for EarthSpectives

Hossein K. Rashidi, Ph.D., P.E.
Principal Engineer
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Pile: A-09-053 Proj: ACTA HElM BRIDGE PROJECT Pg1
Info: HOLLOW STEM SP: 0.492 k/ft~3

AR: 1.2 in~2 WS: 16808 ft/s
LE: 56.0 ft EM: 30000 KSI

--------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED

-------------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft % K-ft bl/min ksi ksi ksi

1 4 5.00 AV 0.28 82 0 1. 50 204 54.7 20.06 20.13 6.81

25 4 10.00 AV 0.30 87 0 1. 54 216 52.6 20.27 20.36 5.80
MX 0.32 92 0 2.70 261 55.2 24.00 24.26 9.85
MN 0.27 77 0 1. 41 204 0.0 19.70 19.82 3.41

62 7 15.00 AV 0.30 87 0 2.83 266 53.3 24.22 24.36 5.75
MX 0.33 95 0 2.92 299 55.2 24.79 25.01 14.34
MN 0.25 72 0 2.16 252 0.0 22.26 22.28 3.10

76 2 20.00 AV 0.28 80 0 2.22 314 51. 6 21.17 21.22 11.75
MX 0.30 84 0 2.32 324 55.0 22.68 22.69 14 .29
MN 0.26 75 0 2.16 299 33.8 5.0l 5.05 1.41

113 7 25.00 AV 0.29 83 0 3.02 318 53.6 22.28 22.49 5.85
MX 0.30 88 0 3.24 332 55.4 22.69 22.94 14.43
MN 0.25 73 0 2.27 303 0.0 21.5l 21.70 2.08

140 5 30.00 AV 0.26 74 0 2.18 309 53.9 21. 03 21.10 9.06
MX 0.30 76 0 2.29 319 54.2 22.26 22.37 12.58
MN 0.25 71 0 2.10 298 53.3 4.68 4.70 1. 80

153 2 35.00 AV 0.29 82 0 3.14 338 46.0 21.50 21.63 7.73
MX 0.30 86 0 3.19 354 54.7 23.23 23.37 9.57
MN 0.24 70 0 3.01 261 0.0 4.52 4.57 2.90

158 . 1 40.00 AV 0.28 82 0 2.62 351 43.3 22.84 22.99 13.57
MX 0.29 84 0 3.16 361 54.4 23.20 23.33 15.32
MN 0.28 80 0 2.46 345 0.0 22.64 22.86 9.31

176 3 45.00 AV 0.29 83 0 2.98 360 51.4 22.73 22.89 8.15
MX 0.29 85 0 3.11 372 54.7 23.06 23.25 16.15
MN 0.27 79 0 2.50 347 0.0 22.24 22.29 7.37

186 2 50.00 AV 0.29 84 0 2.57 363 49.0 22.94 23.10 14.04
MX 0.30 86 0 2.89 375 54.6 23.38 23.42 15.32
MN 0.28 81 0 2.50 348 0.0 22.7l 22.83 10.26

203 2 58.50 AV 0.28 81 0 2.82 362 54.6 22.13 22.34 8.10
MX 0.29 83 0 2.87 372 55.0 22.7l 22.82 9.99
MN 0.27 78 0 2.74 349 54.2 21.74 21.93 7.46



Pile: A-09-053
Info: HOLLOW STEM

BL# COMMENTS
1 JC = 0.70
1 Sample at 5 ft

25 Sample at 10 ft
62 Sample at 15 ft
76 Sample at 20 ft

113 Sample at 25 ft
140 Sample at 30 ft
153 Sample at 35 ft
158 Sample at 40 ft
176 Sample at 45 ft
186 Sample at 50 ft

DRIVEN (2009-0ct-13 : A-09-053.MDF)

Proj: ACTA HElM BRIDGE PROJECT Pg2
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ACTA SCHUYLER HElM BRIDGE REPLACEMENT, BORING HOLE R-09-004. SOCAL DRILLING
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Pile: R-09-004 Proj : ACTA HElM BRIDGE PROJECT Pg1
Info: MUD ROTARY SP: 0.492 k/ft~3

AR: 1.4 in~2 WS: 16808 ft/s
LE: 163.0 ft EM: 30000 KSI

------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
------------------------------------------------------------------------------
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft % K-ft bl/min ksi ksi ksi

1 2 10.00 AV 0.20 59 0 2.79 164 0.0 26.20 32.04 11.83

33 2 21.00 AV 0.22 65 0 3.39 171 39.1 29.39 33.69 12.31
MX 0.26 76 0 4.97 176 40.6 35.16 35.16 18.20
MN 0.17 49 0 1. 90 156 0.0 21. 85 21.85 10.73

53 2 30.00 AV 0.27 79 0 5.19 163 38.4 33.90 33.90 18.14
MX 0.28 80 0 5.33 181 40.7 35.25 35.25 20.04
MN 0.27 77 0 4.95 156 0.0 31.94 31.94 16.83

85 3 40.00 AV 0.28 80 0 5.06 189 39.1 34.43 34.43 17.43
MX 0.28 81 0 5.14 192 40.5 35.24 35.24 20.17
MN 0.27 77 0 4.67 182 0.0 32.26 32.26 15.43

98 1 56.00 AV 0.28 82 0 4.69 207 35.4 32.93 32.93 19.77
MX 0.29 84 0 4.82 213 39.9 33.84 33.84 20.65
MN 0.27 77 0 4.52 184 0.0 32.31 32.31 16.68

120 5 60.00 AV 0.28 80 0 4.82 191 37.9 34.55 34.55 15.49
MX 0.28 82 0 4.93 202 39.9 35.30 35.30 21.62
IvIN 0.27 79 0 4.47 187 0.0 32.44 32.44 14.43

155 3 70.00 AV 0.29 83 0 4.53 215 39.0 32.96 32.96 18.89
MX 0.29 85 0 4.68 223 40.4 33.99 33.99 21.51
MN 0.27 78 0 4.06 206 0.0 31. 25 31.25 15.91

177 2 80.00 AV 0.28 80 0 4.19 216 38.2 32.36 32.36 14.68
MX 0.28 81 0 4.28 223 40.4 33.53 33.53 17.11
MN 0.27 78 0 4.09 206 0.0 31. 54 31.54 13 .13

261 8 90.00 AV 0.28 82 0 4.30 238 39.4 32.11 32.11 13.60
MX 0.29 83 0 4.44 246 40.1 33.19 33.19 16.14
MN 0.26 76 0 4.12 212 0.0 31. 38 31.38 11.96

333 4 105.00 AV 0.28 80 0 4.28 235 39.3 32.88 32.88 11.18
MX 0.28 82 0 4.89 242 40.1 34.28 34.28 14.93
MN 0.27 78 0 4.19 202 0.0 31.69 31.69 9.08

414 8 115.00 AV 0.28 81 0 5.01 208 39.2 32.54 32.54 12.80
MX 0.29 84 0 5.27 223 40.0 35.90 35.90 14.87
MN 0.26 75 0 4.60 150 0.0 28.9l 28.91 10.42

516 10 125.00 AV 0.27 79 0 5.39 163 39.3 36.22 36.22 12.06
MX 0.28 80 0 5.48 226 40.0 37.09 37.09 14.79
MN 0.26 76 0 4.70 157 0.0 32.53 32.53 9.07



Pile: R-09-004 Proj: ACTA HElM BRIDGE PROJECT Pg2
Info: MUD ROTARY
-----------------------------------------------------------------------------
BL# depth TY EMX ETR E2F EF2 EV2 BPM C8X CSI T8X
end bl/ft ft K-ft 9- K-ft bl/min ksi ksi ksi0

575 5 135.00 AV 0.28 80 0 5.14 210 38.6 35.68 35.68 12.65
MX 0.28 81 0 5.38 222 39.4 36.75 36.75 14.02
MN 0.26 75 0 4.96 154 0.0 34.28 34.28 11.15

654 7 145.00 AV 0.27 78 0 5.48 156 39.1 35.48 35.48 8.50
MX 0.28 80 0 5.57 190 39.9 36.26 36.26 11.96
MN 0.25 73 0 5.01 142 0.0 34.11 34.11 5.84

738 8 155.00 AV 0.28 80 a 5.11 194 39.0 34.13 34.13 7.09
MX 0.28 81 0 5.29 213 39.7 35.36 35.36 9.97
MN 0.26 75 0 4.02 185 0.0 32.39 32.39 4.89

830 8 165.95 AV 0.28 81 0 4.07 221 39.7 32.50 32.50 6.57
MX 0.29 84 0 4.26 232 39.8 34.26 34.26 9.64
MN 0.27 78 0 3.82 207 39.2 30.05 30.05 4.79

BL# COMMENTS
1 JC = 0.70

53 Sample at 30 ft
98 Sample at 56 ft

177 Sample at 80 it
261 Sample at 90 it
333 Sample at 105 ft
414 Sample at 115 ft
516 Sample at 125 ft
575 Sample at 135 ft
654 Sample at 145 ft
738 Sample at 155 ft

DRIVEN (2009-0ct-22 : R-09-004.MDF)
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ACTA SCHUYLER HElM BRIDGE REPLACEMENT, BORING HOLE R-09-009, C&L DRILLING
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Pile: R-09-009 Proj: ACTA HElM BRIDGE PROJECT Pg1
Info: MUD ROTARY- rope and cathead SP: 0.492 k/ft~3

AR: 1.4 in-2 WS: 16808 ft/s
LE: 165.0 ft EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
----------------------------------~~~----------------- - - - - - - - - - - - - - - - - - - - - - - - -

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft 9- K-ft bl/min ksi ksi ksi0

1 3 10.00 AV 0.20 55 a 2.10 0 24.0 28.27 28.27 0.00

34 3 20.00 AV 0.20 58 0 1. 94 127 36.6 18.84 18.84 4.18
MX 0.22 64 a 2.67 178 38.2 21.77 21.77 6.58
MN 0.17 50 a 0.00 0 24.0 6.34 6.34 0.55

56 2 30.00 AV 0.21 61 0 2.26 194 34.2 18.69 18.69 6.31
MX 0.24 69 0 2.96 247 37.1 23.57 23.57 8.24
MN 0.16 48 a 0.00 a 0.0 14.23 14.23 0.51

65 1 40.00 AV 0.20 58 0 1. 89 164 30.2 19.71 19.71 7.25
MX 0.24 69 0 2.60 231 36.5 21.02 21.02 10.52
MN 0.17 49 0 0.00 a 0.0 18.44 18.44 0.90

81 1 60.00 AV 0.22 65 0 2.65 212 32.7 18.96 18.96 7.92
MX 0.25 73 0 3.57 263 36.2 27.82 27.82 9.45
MN 0.19 56 0 0.00 2 0.0 3.14 3.14 0.46

110 2 70.00 AV 0.22 64 0 2.88 219 30.1 21.46 21.46 7.54
MX 0.26 74 0 3.81 262 36.1 29.54 29.54 8.88
MN 0.17 49 0 0.00 0 0.0 17.26 17.26 3.92

147 3 80.00 AV 0.20 59 0 2.23 187 36.3 20.16 20.16 7.94
MX 0.25 73 0 3.15 253 39.1 25.27 25.27 10.30
MN 0.05 51 a 0.00 0 0.0 8.30 8.30 2.89

229 8 90.00 AV 0.22 64 0 2.62 234 36.4 19.28 19.28 5.25
MX 0.27 78 0 3.46 306 38.6 27.34 27.34 7.73
MN 0.16 47 0 0.00 16 0.0 3.27 3.27 0.37

310 8 100.00 AV 0.19 54 a 2.71 245 33.4 21.08 21.08 2.78
MX 0.26 76 0 3.57 351 37.7 26.83 26.83 7.62
MN 0.14 41 0 2.20 22 0.0 5.52 5,52 0.89

394 8 110.00 AV 0.22 63 0 2.83 231 34.5 20.95 20.95 4.04
MX 0.26 76 0 3.90 287 36.8 29.25 29.25 7.67
MN 0.17 51 0 0.00 184 0.0 15.45 15.45 1.54

481 8 120.00 AV 0.23 66 0 2.72 246 36.9 20.99 20.99 3.31
MX 0.28 81 0 3.48 308 39.7 26.42 26.42 5.42
MN 0.18 51 0 0.00 178 0.0 15.88 15.88 1.42

591 11 130.00 AV 0.21 62 0 2.87 214 36.6 21.08 21.08 2.77
MX 0.27 78 a 4.16 259 38.7 30.5l 30.51 7.35
MN 0.12 36 0 0.00 123 0.0 13.80 13.80 1.12



Pile: R-09-009 Proj: ACTA HElM BRIDGE PROJECT Pg2
Info: MUD ROTARY- rope and cathead
-----------------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft s- K-ft bl/min ksi ksi ksi0

687 9 140.00 AV 0.24 68 0 3.01 236 34.8 23.31 23.31 2.79
MX 0.30 80 0 3.69 303 38.8 28.09 28.09 5.59
MN 0.18 51 0 0.00 13 0.0 3.80 3.80 0.47

780 6 155.00 AV 0.21 60 0 2.86 188 38.0 20.27 20.27 3.95
MX 0.24 70 0 3.77 264 39.8 28.67 28.67 5.87
MN 0.15 43 0 0.00 1 36.0 4.85 4.85 0.56

840 6 164.57 AV 0.21 62 0 2.91 211 38.1 20.71 20.71 1. 88
MX 0.26 75 0 3.72 291 39.5 28.13 28.13 3.30
f'.1N 0.12 36 0 1. 60 121 35.6 13.42 13.42 0.77

BL# COMMENTS
1 JC = 0.70

34 Sample at 20 ft
81 Sample at 60 ft

147 Sample at 80 ft
229 Sample at 90 ft
310 Sample at 100 ft
394 Sample at 110 ft
481 Sample at 120 ft
591 Sample at 130 ft
687 Sample at 140 ft
780 Sample at 155 ft

DRIVEN (2009-0ct-28 : R-09-009.MDF)
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eartn IVlecnanlcs Inc. Project Number 06-123
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trartn ivrecnarucs inc.

INTRODUCTION

Project Number 06-123

Boring geophysical measurements were collected in six uncased borings for the Schuyler Heim

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisition was

performed between October 19 to November 6, 2009 by Victor Gonzalez and Charles Carter of

GEOVision. Data analysis was performed by Victor Gonzalez and reviewed by Robert Steller of

GEOVision. Report preparation was performed by Victor Gonzalez and reviewed by John Diehl

of GEO Vision. The work was performed under subcontract with Earth Mechanics, Inc. (EMI)

with G. 1. Gunaranjan serving as the point of contact for EM!.

This. report describes the field measurements, data analysis, and results of this work.

GEOVision Report 9375-01 rev a Page 5 of 72 Novem ber 11, 2009



earth Mechanics Inc. Project Number 0l:i-1 L:3

SCOPE OF WORK

This report presents the results of boring geophysical measurements collected between October

19 and November 6,2009 in six 4 7/8 -inch uncased borings, as detailed in Table 1. The purpose

of the study was to supplement stratigraphic information obtained during EMI's soil sampling

program and to acquire shear wave velocities and compressional wave velocities as a function of

depth.

Coordinates and elevations provided by EMI

ELEVATION - FEET COORDINATES - FEET (1)

BORING DATES MLLW(1)

DESIGNATION LOGGED NORTHING EASTING

R-09-007 10/19/2009 -0.79 1,735,625 6,488,980
R-09-014 10/20 - 10/21/2009 -1.33 1,736,114 6,489,009
R-09-021 10/21/2009 7.31 1,736,864 6,488,921
R-09-022 11/02 -11103/2009 -4.11 1,737,853 6,488,768
R-09-025 11/05/2009 -3.90 1,738,368 6,488,737
R-09-028 11/06/2009 -3.32 1,738,869 6,488,698

(1)

Table 1 Boring locations and logging dates

The OYO Suspension Logging System was used to obtain in-situ horizontal shear and

compressional wave velocity measurements at 1.6-foot intervals. The acquired data were

analyzed and a profile of velocity versus depth was produced for both compressional and

horizontally polarized shear waves.

A detailed reference for the velocity measurement techniques used in this study is:

Guidelines for Determining Design Basis Ground Motions, Report TR-I02293,

Electric Power Research Institute, Palo Alto, California, November 1993,

Sections 7 and 8.

GEOVision Report 9375-01 rev a Page 6 of 72 November 11, 2009



e.arm ivrecnarucs me,

INSTRUMENTATION

Suspension Instrumentation

rTOJeCI rsurnoer uo- I L.:>

Suspension soil velocity measurements were performed in all borings using the PS suspension

logging system, manufactured by OYO Corporation, and their subsidiary, Robertson

Geologging. This system directly determines the average velocity of a 3.3-foot high segment of

the soil column surrounding the boring of interest by measuring the elapsed time between

arrivals of a wave propagating upward through the soil colunm. The receivers that detect the

wave, and the source that generates the wave, are moved as a unit in the boring producing

relatively constant amplitude signals at all depths.

The suspension system probe consists of a combined reversible polarity solenoid horizontal

shear-wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet,

allowing average wave velocity in the region between the receivers to be determined by

inversion of the wave travel time between the two receivers. The total length ofthe probe as used

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottom

end of the probe.

The probe receives control signals from, and sends the receiver signals to, instrumentation on the

surface via an armored 4 or 7 conductor cable. The cable is wound onto the drum of a winch and

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28

foot circumference sheave fitted with a digital rotary encoder.

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled

directly to the boring walls; rather, the source motion creates a horizontally propagating

impulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure

wave is converted to P and SJrwaves in the surrounding soil and rock as it impinges upon the

wall of the boring. These waves propagate through the soil and rock surrounding the boring, in

turn causing a pressure wave to be generated in the fluid surrounding the receivers as the soil

GEOVision Report 9375-01 rev a Page 7 of 72 Novem ber 11, 2009



Earth Mechanics Inc. Project Number 06-123

waves pass their location. Separation of the P and Swwaves at the receivers is performed using

the following steps:

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source,

maximizing the amplitude of the recorded SH -wave signals.

2. At each depth, Swwave signals are recorded with the source actuated in opposite

directions, producing Swwave signals of opposite polarity, providing a characteristic Sw

wave signature distinct from the P-wave signal.

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and

damp significantly before the slower Swwave signal arrives at the receiver. In saturated

soils, the received P-wave signal is typically of much higher frequency than the received

SH-wave signal, permitting additional separation of the two signals by low pass filtering.

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers

because the wavelength of the pressure pulse in fluid is significantly greater than the

dimension of the fluid annulus surrounding the probe, preventing significant energy

transmission through the fluid medium.

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:

1. The source is fired in one direction producing dominantly horizontal shear with some

vertical compression, and the signals from the horizontal receivers situated para.llel to the

axis of motion of the source are recorded.

2. The source is fired again in the opposite direction and the horizontal receiver signals are

recorded.

3. The source is fired again and the vertical receiver signals are recorded. The repeated

source pattem facilitates the picking of the P and Swwave arrivals; reversal of the source

changes the polarity of the Swwave pattem but not the P-wave pattern.

The data from each receiver during each source activation is recorded as a different channel on

the recording system. The Suspension PS system has six channels (two simultaneous recording

channels), each with a 1024 sample record. The recorded data are displayed as six channels with

a common time scale. Data are stored on disk for further processing. Up to 8 sampling sequences

can be summed to improve the signal to noise ratio of the signals.
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Review of the displayed data on the recorder or computer screen allows the operator to set the

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize

the quality of the data before recording. Verification of the calibration of the Suspension PS

digital recorder is performed every twelve months using a NIST traceable frequency source and

counter, as outlined in Appendix B.
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MEASUREMENT PROCEDURES

Suspension Measurement Procedures

Project Number 06-123

Six 4 7/8-inch uncased borings filled with freshwater drilling mud were logged. Measurements

followed the CEO Vision Procedure for P-S Suspension Seismic Velocity Logging, revision 1.4.

Prior to each logging run, the probe was positioned with the top of the probe at the top of the

drilling mud tub, ground surface, or other stationary reference point. Subsequently, the electronic

depth counter was set to 8.2 feet, the distance between the mid-point of the receiver and the top

of the probe, minus the height of the stationary reference point, as verified with a tape measure,

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as

summarized in Table 2.

At each measurement depth the measurement sequence of two opposite horizontal records and

one vertical record was performed, and the gains were adjusted as required. The data from each

depth were viewed on the computer display, checked, and recorded on disk before moving to the

next depth.

Upon completion of the measurements, the probe zero depth indication at the stationary

reference point was verified and recorded on the field logs prior to removal from the boring.

Field data were backed up to USB flash drive each day upon completion of data acquisition.

DEPTH DEPTH TO SAMPLE
BORING TOOL AND RUN

RANGE
BOTTOM OF INTERVAL

DATE
NUMBER NUMBER (FEET) BORING (FEET)

LOGGED
(FEET)

R-09-007 SUSPENSION PS 1 3.3 -136.2 150 1.6 10/19/2009

R-09-014 SUSPENSION PS 1 3.3 -118.1 165 1.6 10/20/2009

R-09-021 SUSPENSION PS 1 6.6 -154.2 170 1.6 10/21/2009

R-09-022 SUSPENSION PS 1 3.3 -162.4 175 1.6 11/02/2009

R-09-025 SUSPENSION PS 1 3.3 -160.8 175 1.6 11/05/2009

R-09-028 SUSPENSION PS 1 3.3 -162.4 175 1.6 11/06/2009

Table 2. Logging dates and depth ranges
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DATA ANALYSIS

Suspension Analysis

Project Number 06-123

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms

were analyzed to locate the most prominent first minima, first maxima, or first break on the

vertical axis records, indicating the arrival ofP-wave energy. The difference in travel time

between receiver 1 and receiver 2 (RI-R2) arrivals was used to calculate the P-wave velocity for

that 3.3-foot segment of the soil column. When observable, P-wave arrivals on the horizontal

axis records were used to verify the velocities determined from the vertical axis data. The time

picks were then transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the

velocity calculations based on the arrival time picks made in PSLOG.

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-Rl) was also picked

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity

derived from the travel time between receivers. In this analysis, the depth values as recorded

were increased by 4.53 feet to correspond to the mid-point of the 6.33-foot S-Rl interval. Travel

times were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting

0.35 milliseconds, the calculated and experimentally verified delay from source trigger pulse

(beginning of record) to source impact. This delay corresponds to the duration of acceleration of

the solenoid before impact.

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to

locate the presence of clear Swwave pulses, as indicated by the presence of opposite polarity

pulses on each pair of horizontal records. Ideally, the Swwave signals from the 'normal' and

'reverse' source pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass

filtering can be used to remove the higher frequency P-wave signal from the Swwave signal.

Generally, the first maxima were picked for the 'normal' signals and the first minima for the

'reverse' signals, although other points on the waveform were used if the first pulse was distorted.

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds,

due to differences in the actuation time of the solenoid source caused by constant mechanical

bias in the source or by boring inclination. This variation does not affect the Rl-R2 velocity
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determinations, as the differential time is measured between arrivals of waves created by the

same source actuation. The final velocity value is the average of the values obtained from the

'normal' and 'reverse' source actuations.

As with the P-wave data, Swwave velocity calculated from the travel time over the 6.33-foot

interval from source to receiver 1 was calculated and plotted for verification of the velocity

derived from the travel time between receivers. In this analysis, the depth values were increased

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-Rl interval. Travel times were

obtained by picking the first break of the Swwave signal at the near receiver and subtracting

0.35 milliseconds, the calculated and experimentally verified delay from the beginning of the

record at the source trigger pulse to source impact.

These data and analysis were reviewed by Robert Steller as a component of GEOVision's in

house QA-QC program.

Figure 2 shows an example of R1 - R2 measurements on a sample filtered suspension record. In

Figure 2, the time difference over the 3.3-foot interval of 1.88 milliseconds for the horizontal

signals is equivalent to an SH-wave velocity of 1745 feet/second. Whenever possible, time

differences were determined from several phase points on the Swwaveform records to verify the

data obtained from the first arrival of the Swwave pulse. Figure 3 displays the same record

before filtering of the Swwaveform record with a 1400 Hz FFT - IFFT digital lowpass filter,

illustrating the presence of higher frequency P-wave energy at the beginning of the record, and

distortion of the lower frequency Swwave by residual P-wave signal.
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RESULTS

Suspension Results..

r-roject Number Ub-1Lj

Suspension RI-R2 P- and Swwave velocities are plotted in Figures 4, 5, 6, 7, 8, and 9. The

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8,

respectively. These plots and data are included in the EXCEL analysis files transmitted

separately.

P- and Swwave velocity data from RI-R2 analysis and quality assurance analysis of S-Rl data

are plotted together in Figures A-I through A-6 to aid in visual comparison. It should be noted

that RI-R2 data are an average velocity over a 3.3-foot segment of the soil column; S-RI data

are an average over 6.33 feet, creating a significant smoothing relative to the RI-R2 plots. S-Rl

data are presented in Tables A-I through A-6, and included in the EXCEL analysis files.

Calibration procedures and records for the suspension PS measurement system are presented in

AppendixB.
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SUMMARY

Discussion of Suspension Results

Project Number 06-123

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with

rotary mud (rotary wash) methods, as were these borings. Thus data collected in these uncased

borings was of very good quality.

Suspension PS velocity data quality is judged based upon 5 criteria:

1. Consistent data between receiver to receiver (Rl - R2) and source to receiver (S - Rl)

data.

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated

soils)

3. Consistency between data from adjacent depth intervals.

4. Clarity ofP-wave and Swwave onset, as well as damping oflater oscillations.

5. Consistency of profile between adjacent borings, if available.

These data show good correlation between RI - R2 and S - RI. Additionally, there is a good

correlation between P-wave and Swwave velocities, as both show similar velocity inflections.

Data from adjacent depth intervals are generally similar. P-wave and SWwave onsets are clear

and later oscillations are well damped.

Velocity profiles between borings in the study area are generally similar. All borings exhibit Sw

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over

I,OOO fps at depth. All borings show an increase to water velocitiesin the P-wave profiles at lO

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-0I4 show a similar

decrease inP-wave velocity at approximately 45 - 55 feet bgs which typically indicates an

organic-rich zone.
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Quality Assurance

Project Number 06-123

These boring geophysical measurements were performed using industry-standard or better

methods for measurements and analyses. All work was performed under GEO Vision quality

assurance procedures, which include:

• Use of NIST-traceable calibrations, where applicable, for field and laboratory

instrumentation

• Use of standard field data logs

• Use of independent verification of velocity data by comparison of receiver-to-receiver and

source-to-receiver velocities

• Independent review of calculations and results by a registered professional engineer,

geologist, or geophysicist.

Suspension Data Reliability

p, and Swwave velocity measurement using the Suspension Method gives average velocities

over a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the

graphs. In uncased borings, individual measurements are very reliable, with estimated precision

of +/- 5%. Standardized field procedures and quality assurance checks contribute to the

reliability of the data.
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Figure 1: Concept illustration of P-S logging system
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Project Number 06-123
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Figure 2: Example of filtered (1400 Hz lowpass) record
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Figure 3. Example of unfiltered record
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Figure 4: Boring R-09-007, Suspension R1-R2 P- and Swwave velocities
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (ftls) (ftls)

3.3 730 1470 0.34

4.9 510 1560 0.44

6.6 310 1810 0.49

8.2 220 2450 0.50

9.8 270 4760 0.50

11.5 320 4630 0.50

13.1 390 4690 0.50

14.8 450 4900 0.50

16.4 510 4980 0.49

18.0 480 5380 0.50

19.7 390 5330 0.50

21.3 410 5250 0.50

23.0 490 5210 0.5.0

24.6 500 5330 0.50

26.3 520 5380 0.50

27.9 540 5330 0.49

29.5 510 5250 0.50

31.2 560 5130 0.49

32.8 610 5090 0.49

34.5 540 5050 0.49

36.1 490 5050 0.50

37.7 520 4980 0.49

39.4 520 5010 0.49

41.0 540 4940 0.49

42.7 580 4900 0.49

44.3 630 4390 0.49

45.9 600 4220 0.49

47.6 530 4500 0.49

49.2 500 4570 0.49

50.9 580 4360 0.49

52.5 620 4360 . 0.49

54.1 660 4220 0.49

55.8 670 5130 0.49

57.4 610 5130 0.49

59.1 630 5170 0.49

60.7 690 5130 0.49

62.3 700 5130 0.49

64.0 720 5130 0.49

65.6 680 5050 0.49

67.3 740 5290 0.49

68.9 740 5210 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

1.0 220 450 0.34

1.5 150 470 0.44

2.0 90 550 0.49

2.5 70 750 0.50

3.0 80 1450 0.50

3.5 100 1410 0.50

4.0 120 1430 0.50

4.5 140 1490 0.50

5.0 150 1520 0.49

5.5 150 1640 0.50

6.0 120 1630 0.50

6.5 120 1600 0.50

7.0 150 1590 0.50

7.5 150 1630 0.50

8.0 160 1640 0.50

8.5 160 1630 0.49

9.0 160 1600 0.50

9.5 170 1560 0.49

10.0 190 1550 0.49

10.5 170 1540 0.49

11.0 150 1540 0.50

11.5 160 1520 0.49

12.0 160 1530 0.49

12.5 160 1510 0.49

13.0 180 1490 0.49

13.5 190 1340 0.49

14.0 180 1290 0.49

14.5 160 1370 0.49

15.0 150 1390 0.49

15.5 180 1330 0.49

16.0 190 1330 0.49

16.5 200 1290 0.49

17.0 200 1560 0.49

17.5 190 1560 0.49

18.0 190 1580 0.49

18.5 210 1560 0.49

19.0 210 1560 0.49

19.5 220 1560 0.49

20.0 210 1540 0.49

20.5 220 1610 0.49

21.0 220 1590 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - BoreholeR-09-007

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs V Ratio

(ft) (ft/s) (ft/s)

70.5 670 5130 OA9

72.2 720 5290 OA9

73.8 810 5330 OA9

75.5 710 5750 OA9

77.1 740 5700 OA9

78.7 740 5600 OA9

80A 740 5420 OA9

82.0 780 5330 OA9

83.7 770 5560 OA9

85.3 770 5460 OA9

86.9 780 5510 OA9

88.6 770 5460 OA9

90.2 730 5420 OA9

91.9 720 5460 OA9

93.5 780 5700 OA9

95.1 770 5850 OA9

96.8 800 5800 OA9

98A 950 5950 OA9

100.1 920 5900 OA9

101.7 920 5750 OA9

103.4 950 5700 0.49

105.0 940 5700 0.49

106.6 930 5750 0.49

108.3 910 5700 0.49

109.9 910 5850 0.49

111.6 840 6010 OA9

113.2 860 5900 0.49

114.8 960 5800 0.49

116.5 970 5700 0.49

118.1 970 5650 0.48

119.8 970 5560 0.48

121A 1010 5700 0.48

123.0 1040 5700 0.48

124.7 1010 5700 0.48

126.3 1010 5750 0.48

128.0 1050 5950 0.48

129.6 1060 6230 OA8

131.2 1120 6170 OA8

132.9 1100 6410 0.48

134.5 1050 6350 OA9

136.2 1080 6540 OA9

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers V, Vo Ratio

(m) (m/s) (m/s)

21.5 200 1560 0.49

22.0 220 1610 0.49

22.5 250 1630 0.49

23.0 220 1750 0.49

23.5 230 1740 0.49

24.0 230 1710 0.49

24.5 230 1650 0.49

25.0 240 1630 0.49

25.5 230 1690 0.49

26.0 230 1670 0.49

26.5 240 1680 0.49

27.0 230 1670 0.49

27.5 220 1650 0.49

28.0 220 1670 0.49

28.5 240 1740 0.49

29.0 230 1780 0.49

29.5 240 1770 0.49

30.0 290 1810 0.49

30.5 280 1800 0.49

31.0 280 1750 0.49

31.5 290 1740 0.49

32.0 290 1740 0.49

32.5 280 1750 0.49

33.0 280 1740 0.49

33.5 280 1780 0.49

34.0 260 1830 0.49

34.5 260 1800 0.49

35.0 290 1770 0.49

35.5 290 1740 0.49

36.0 300 1720 0.48

36.5 300 1690 0.48

37.0 310 1740 0.48

37.5 320 1740 0.48

38.0 310 1740 0.48

38.5 310 1750 0.48

39.0 320 1810 0.48

39.5 320 1900 OA8

40.0 340 1880 0.48

40.5 340 1950 . 0.48

41.0 320 1940 0.49

41.5 330 1990 0.49
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Figure 5: Boring R-09-014, Suspension R1-R2 P- and Swwave velocities
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

1ft) INs) INs)

3.3 330 2350 0.49

4.9 560 2310 0.47

6.6 500 2980 0.49

8.2 280 5750 0.50

9.8 320 6060 0.50

11.5 330 4220 0.50

13.1 350 4760 0.50

14.8 370 5380 0.50

16.4 370 4900 0.50

18.0 420 5050 0.50

19.7 430 5290 0.50

21.3 400 5050 0.50

23.0 410 4980 0.50

24.6 450 5290 0.50

26.3 500 5380 0.50

27.9 530 5380 0.50

29.5 500 5380 0.50

31.2 520 5290 0.50

32.8 600 5380 0.49

34.5 630 5290 0.49

36.1 480 5130 0.50

37.7 460 4570 0.49

39.4 530 5290 0.49

41.0 540 5380 0.49

42.7 640 5290 0.49

44.3 670 5210 0.49

45.9 560 4980 0.49

47.6 520 4070 0.49

49.2 480 3470 0.49

50.9 510 4440 0.49

52.5 630 5380 0.49

54.1 650 5210 0.49

55.8 630 4830 0.49

57.4 650 4980 0.49

59.1 690 5380 0.49

61.0 670 5210 0.49

62.3 680 5290 0.49

64.0 720 5460 0.49

65.6 710 5290 0.49

67.3 730 5290 0.49

68.9 720 5460 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (mrs) (mrs)

1.0 100 720 0.49

1.5 170 710 0.47

2.0 150 910 0.49

2.5 90 1750 0.50

3.0 100 1850 0.50

3.5 100 1290 0.50

4.0 110 1450 0.50

4.5 110 1640 0.50

5.0 110 1490 0.50

5.5 130 1540 0.50

6.0 130 1610 0.50

6.5 120 1540 0.50

7.0 130 1520 0.50

7.5 140 1610 0.50

8.0 150 1640 0.50

8.5 160 1640 0.50

9.0 150 1640 0.50

9.5 160 1610 0.50

10.0 180 1640 0.49

10.5 190 1610 0.49

11.0 150 1560 0.50

11.5 140 1390 0.49

12.0 160 1610 0.49

12.5 160 1640 0.49

13.0 200 1610 0.49

13.5 200 1590 0.49

14.0 170 1520 0.49

14.5 160 1240 0.49

15.0 150 1060 0.49

15.5 160 1350 0.49

16.0 190 1640 0.49

16.5 200 1590 0.49

17.0 190 1470 0.49

17.5 200 1520 0.49

18.0 210 1640 0.49

18.6 200 1590 0.49

19.0 210 1610 0.49

19.5 220 1670 0.49

20.0 220 1610 0.49

20.5 220 1610 0.49

21.0 220 1670 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers V, VD Ratio

(ft) (fUs) (fUs)

70.5 700 5460 0049

72.2 750 5460 0049

73.8 850 5560 0049

75.5 870 5750 0049

77.1 840 5750 0049

78.7 800 5700 0049

80.4 820 5700 0049

82.0 870 5800 0049

83.7 900 5800 0049

85.3 920 5850 0049

86.9 940 5800 0049

88.6 920 5850 0049

90.2 900 5850 0049

91.9 890 5900 0049

93.8 900 6010 0049

95.1 870 5950 0049

96.8 900 5950 0049

98.4 940 6010 0049

100.4 950 6010 0049

101.7 970 5900 0049

103.4 960 5850 0049

105.0 990 6010 0049

106.6 900 5950 0049

108.3 860 5850 0049

109.9 910 6010 0049

111.6 1000 6010 0049

113.2 960 6120 0049

114.8 910 5900 0049

116.5 980 5950 0049

118.1 980 6060 0049

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers V, VD Ratio

(m) (m/s) (m/s)

21.5 210 1670 0049

22.0 230 1670 0049

22.5 260 1690 0049

23.0 270 1750 0049

23.5 260 1750 0049

24.0 240 1740 0049

24.5 250 1740 0049

25.0 260 1770 0049

25.5 270 1770 0049

26.0 280 1780 0049

26.5 290 1770 0049

27.0 280 1780 0049

27.5 280 1780 0049

28.0 270 1800 0049

28.6 270 1830 0049

29.0 270 1810 0049

29.5 270 1810 0049

30.0 290 1830 0049

30.6 290 1830 0049

31.0 300 1800 0049

31.5 290 1780 0049

32.0 300 1830 0049

32.5 280 1810 0049

33.0 260 1780 0049

33.5 280 1830 0049

34.0 300 1830 0049

34.5 290 1860 0049

35.0 280 1800 0049

35.5 300 1810 0049

36.0 300 1850 0049
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vp Ratio

(ft) (ftIs) (ftIs)

6.6 410 3580 0,49

8.2 420 3750 0.49

9.8 410 3920 0.49

10.8 400 4270 0.50

13.1 600 4330 0,49

14.8 760 4390 0,48

16,4 650 4170 0.49

18.0 590 4900 0,49

19.7 520 4760 0,49

21.3 410 4630 0.50

23.0 420 4980 0.50

24.6 500 5050 0,49

26.3 510 5130 0.50

27.9 490 5210 0.50

29.5 580 5330 0,49

31.2 600 5250 0,49

32.8 550 5170 0,49

34.5 570 5250 0,49

36.1 580 5380 0,49

37.7 640 5460 0.49

39,4 650 5330 0.49

41.0 580 5290 0,49

42.7 620 5420 0.49

44.3 650 5330 0,49

45.9 520 5210 0.49

47.6 480 5210 0.50

49.2 580 5290 0.49

50.9 650 5380 0,49

52.5 720 5380 0,49

54.1 700 5290 0,49

55.8 550 5250 0,49

57.4 570 5380 0,49

59.1 740 5560 0,49

60.7 780 5650 0,49

62.3 820 5650 0,49

64.0 780 5560 0,49

65.6 750 5420 0,49

67.3 770 5460 0,49

68.9 780 5650 0.49

70.5 720 5560 0.49

72.2 670 5380 0,49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs V p Ratio

(m) (m/s) (m/s)

2.0 130 1090 0,49

2.5 130 1140 0,49

3.0 120 1200 0,49

3.3 120 1300 0.50

4.0 180 1320 0.49

4.5 230 1340 0.48

5.0 200 1270 0,49

5.5 180 1490 0.49

6.0 160 1450 0.49

6.5 120 1410 0.50

7.0 130 1520 0.50

7.5 150 1540 0,49

8.0 150 1560 0.50

8.5 150 1590 0.50

9.0 180 1630 0,49

9.5 180 1600 0,49

10.0 170 1580 0.49

10.5 180 1600 0,49

11.0 180 1640 0.49

11.5 200 1670 0.49

12.0 200 1630 0,49

12.5 180 1610 0,49

13.0 190 1650 0,49

13.5 200 1630 0,49

14.0 160 1590 0,49

14.5 150 1590 0.50

15.0 180 1610 0,49

15.5 200 1640 0,49

16.0 220 1640 0,49

16.5 210 1610 0,49

17.0 170 1600 0,49

17.5 170 1640 0,49

18.0 230 1690 0,49

18.5 240 1720 0,49

19.0 250 1720 0,49

19.5 240 1690 0,49

20.0 230 1650 0,49

20.5 230 1670 0,49

21.0 240 1720 0,49

21.5 220 1690 0,49

22.0 210 1640 0,49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09~021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ftIs) (ftIs)

73.8 710 5420 0.49

75.5 750 5460 0.49

77.1 740 5510 0.49

78.7 770 5560 0.49

80.4 800 5510 0.49

82.0 840 5510 0.49

83.7 880 5560 0.49

85.3 850 5510 0.49

86.9 860 5510 0.49

88.6 910 5650 0.49

90.2 910 5750 0.49

91.9 930 5750 0.49

93.5 970 5800 0.49

95.1 970 5800 0.49

96.8 1000 5850 0.48

98.4 1030 5850 0.48

100.1 990 5850 0.49

101.7 990 5850 0.49

103.4 1020 5950 0.48

105.0 1040 5950 0.48

106.6 1040 5950 0.48

108.3 1050 5950 0.48

109.9 1030 5950 0.48

111.6 1030 6060 0.49

113.2 1050 6170 0.49

115.2 1080 5950 0.48

116.5 1070 5950 0.48

118.1 1080 6060 0.48

119.8 1080 5950 0.48

121.4 1080 6170 0.48

123.0 1100 6060 0.48

124.7 1180 6410 0.48

126.3 1120 6230 0.48

128.0 1110 6060 0.48

129.6 1090 5950 0.48

131.2 1030 6060 0.49

132.9 1130 6350 0.48

134.5 1180 6410 0.48

136.2 1140 6540 0.48

137.8 1150 6410 0.48

139.4 1150 6410 0.48

141.1 1190 6410 0.48

142.7 1260 6730 0.48

144.7 1230 6670 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (rn/s)

22.5 220 1650 0.49

23.0 230 1670 0.49

23.5 230 1680 0.49

24.0 230 1690 0.49

24.5 240 1680 0.49

25.0 260 1680 0.49

25.5 270 1690 0.49

26.0 260 1680 0049

26.5 260 1680 0049

27.0 280 1720 0.49

27.5 280 1750 0.49

28.0 280 1750 0049

28.5 290 1770 0049

29.0 300 1770 0.49

29.5 310 1780 0048

30.0 310 1780 0048

30.5 300 1780 0049

31.0 300 1780 0049

31.5 310 1810 0048

32.0 320 1810 0048

32.5 320 1810 0048

33.0 320 1810 0048

33.5 310 1810 0048

34.0 310 1850 0049

34.5 320 1880 0049

35.1 330 1810 0.48

35.5 330 1810 0048

36.0 .,..... 330 1850 0048

36.5 330 1810 0048

37.0 330 1880 0048

37.5 340 1850 0048

38.0 360 1950 0048

38.5 340 1900 0048

39.0 340 1850 0048

39.5 330 1810 0048

40.0 310 1850 0049

40.5 340 1940 0.48

41.0 360 1950 0048

41.5 350 1990 0.48

42.0 350 1950 0048

42.5 350 1950 0.48

43.0 360 1950 0.48

43.5 380 2050 0.48

44.1 370 2030 0048
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver TravelTime Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ft/s) (ft/s)

146.0 1180 6600 0.48

148.0 1280 6730 0.48

149.3 1290 6730 0.48

150.9 1280 6730 0.48

152.6 1340 6670 0.48

154.2 1330 6730 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

44.5 360 2010 0.48

45.1 390 2050 0.48

45.5 390 2050 0.48

46.0 390 2050 0.48

46.5 410 2030 0.48

47.0 400 2050 0.48
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Figure 7: Boring R-09-022, Suspension R1-R2 P- and Swwave velocities
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Table 6. Boring R-09-022, Suspension R1-R2depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers V, VD Ratio

(ft) (ftls) (ftJs)

3.3 440 1720 0.47

4.9 500 2490 0.48

6.6 250 5050 0.50

8.2 210 5560 0.50

10.2 290 2870 0.49

11.5 260 2980 0.50

13.1 310 5050 0.50

14.8 290 5380 0.50

16.4 410 4900 0.50

18.0 400 5050 0.50

19.7 520 5380 0.50

21.3 570 5210 0.49

23.0 600 5130 0.49

24.6 650 5290 0.49

26.3 580 5050 0.49

27.9 610 4980 0.49

29.5 690 5010 0.49

31.2 680 5250 0.49

32.8 700 5290 0.49

34.1 780 5210 0.49

36.1 640 5210 0.49

37.7 570 5090 0.49

39.4 550 5130 0.49

41.0 550 5460 0.49

42.7 660 5210 0.49

44.3 650 5420 0.49

45.9 550 4570 0.49

47.6 590 4870 0.49

49.2 560 5130 0.49

50.9 580 5560 0.49

52.5 650 5380 0.49

53.5 690 5380 0.49

55.8 730 5420 0.49

57.4 760 5380 0.49

59.1 680 5210 0.49

60.7 610 5210 0.49

62.3 670 5330 0.49

64.0 820 4940 0.49

65.6 740 5460 0.49

67.3 700 5290 0.49

68.9 720 5380 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers V, VD Ratio

(m) (m/s) (m/s)

1.0 130 520 0.47

1.5 150 760 0.48

2.0 80 1540 0.50

2.5 60 1690 0.50

3.1 90 880 0.49

3.5 80 910 0.50

4.0 90 1540 0.50

4.5 90 1640 0.50

5.0 130 1490 0.50

5.5 120 1540 0.50

6.0 160 1640 0.50

6.5 180 1590 0.49

7.0 180 1560 0.49

7.5 200 1610 0.49

8.0 180 1540 0.49

8.5 190 1520 0.49

9.0 210 1530 0.49

9.5 ·210 1600 0.49

10.0 210 1610 0.49

10.4 240 1590 0.49

11.0 200 1590 0.49

11.5 170 1550 0.49

12.0 170 1560 0.49

12.5 170 1670 0.49

13.0 200 1590 0.49

13.5 200 1650 0.49

14.0 170 1390 0.49

14.5 180 1480 0.49

15.0 170 1560 0.49

15.5 180 1690 0.49

16.0 200 1640 0.49

16.3 210 1640 0.49

17.0 220 1650 0.49

17.5 230 1640 0.49

18.0 210 1590 0.49

18.5 180 1590 0.49

19.0 200 1630 0.49

19.5 250 1510 0.49

20.0 220 1670 0.49

20.5 210 1610 0.49

21.0 220 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (tus) (tus)

70.5 740 5420 0.49

72.2 830 5250 0.49

73.8 780 5130 0.49

75.5 740 5210 0.49

77.1 800 5130 0.49

78.7 840 5250 0.49

80.4 890 5210 0.48

82.0 960 5380 0.48

83.7 980 5380 0.48

85.3 940 5460 0.48

86.9 970 5420 0.48

88.6 1040 5650 0.48

90.2 1050 5560 0.48

91.9 1000 5650 0.48

93.5 1040 5560 0.48

95.1 1100 5600 0.48

96.1 1040 5600 0.48

98.4 1030 5750 0.48

100.1 1020 5700 0.48

101.7 1110 5950 0.48

103.4 1100 5900 0.48

105.0 1150 5950 0.48

106.6 1080 5850 0.48

108.3 1080 5800 0.48

109.9 1100 6010 0.48

111.6 1250 6670 0.48

113.2 1340 6470 0.48

114.8 1200 6540 0.48

116.5 1090 6290 0.48

118.4 1110 5850 0.48

119.8 1130 5950 0.48

121.4 1190 5850 0.48

123.4 1280 6060 0.48

124.7 1310 6290 0.48

126.3 1290 6410 0.48

128.0 1310 6350 0.48

129.6 1240 5950 0.48

131.2 1160 5800 0.48

132.9 1160 5800 0.48

134.5 1170 5850 0.48

136.2 1170 5850 0.48

137.8 1350 6410 0.48

139.4 1470 6800 0.48

141.4 1450 6800 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

21.5 230 1650 0.49

22.0 250 1600 0.49

22.5 240 1560 0.49

23.0 230 1590 0.49

23.5 240 1560 0.49

24.0 250 1600 0.49

24.5 270 1590 0.48

25.0 290 1640 0.48

25.5 300 1640 0.48

26.0 290 1670 0.48

26.5 290 1650 0.48

27.0 320 1720 0.48

27.5 320 1690 0.48

28.0 310 1720 0.48

28.5 320 1690 0.48

29.0 340 1710 0.48

29.3 320 1710 0.48

30.0 310 1750 0.48

30.5 310 1740 0.48

31.0 340 1810 0.48

31.5 340 1800 0.48

32.0 350 1810 0.48

32.5 330 1780 0.48

33.0 330 1770 0.48

33.5 330 1830 0.48

34.0 380 2030 0.48

34.5 410 1970 0.48

35.0 370 ~990 0.48

35.5 330 1920 0.48

36.1 340 1780 0.48

36.5 340 1810 0.48

37.0 360 1780 0.48

37.6 390 1850 0.48

38.0 400 1920 0.48

38.5 390 1950 0.48

39.0 400 1940 0.48

39.5 380 1810 0.48

40.0 350 1770 0.48

40.5 350 1770 0.48

41.0 360 1780 0.48

41.5 360 1780 0.48

42.0 410 1950 0.48

42.5 450 2070 0.48

43.1 440 2070 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ft/s) (Ns)

142.7 1520 6670 0.47

144.4 1340 6730 0.48

146.0 1270 6470 0.48

147.6 1250 6230 0.48

149.3 1350 6170 0.47

150.9 1390 6410 0.48

152.6 1270 6410 0.48

154.2 1310 6350 0.48

155.8 1340 6670 0.48

157.5 1560 7580 0.48

159.1 1470 6800 0.48

160.8 1290 6010 0.48

162.4 1310 5900 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

43.5 460 2030 0.47

44.0 410 2050 0.48

44.5 390 1970 0.48

45.0 380 1900 0.48

45.5 410 1880 0.47

46.0 430 1950 0.48

46.5 390 1950 0.48

47.0 400 1940 0.48

47.5 410 2030 0.48

48.0 470 2310 0.48

48.5 450 2070 0.48

49.0 390 1830 0.48

49.5 400 1800 0.47
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Table 7. Boring R-09-025,Suspension R1-R2depths and P-- and SH--wave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (Ws) (Ws)

3.3 510 2140 0.47

4.9 370 2690 0.49

6.6 330 2450 0.49

8.2 410 2600 0.49

9.8 380 4470 0.50

11.5 340 4300 0.50

13.1 400 4360 0.50

14.8 390 5560 0.50

16.4 430 5460 0.50

18.0 540 5130 0.49

19.7 560 5210 0.49

21.3 460 5090 0.50

23.0 470 5330 0.50

24.6 510 5170 0.50

26.3 550 5010 0.49

27.9 620 5380 0.49

29.5 650 5420 0.49

31.2 550 5250 0.49

32.8 500 5330 0.50

34.5 550 5250 0.49

36.1 580 5290 0.49

37.7 590 5210 0.49

39.4 550 5050 0.49

41.0 530 5170 0.49

42.7 610 5330 0.49

44.3 610 5170 0.49

45.9 540 5210 0.49

47.6 530 5170 0.49

49.2 530 5210 0.49

50.9 630 5170 0.49

52.5 700 5330 0.49

54.1 730 5380 0.49

55.8 720 5170 0.49

57.4 750 5170 0.49

59.1 680 5170 0.49

60.7 630 5210 0.49

62.3 720 5290 0.49

64.0 750 5380 0.49

65.6 730 5380 0.49

67.3 730 5330 0.49

68.9 740 5290 0.49

Metric Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

1.0 150 650 0.47

1.5 110 820 0.49

2.0 100 750 0.49

2.5 130 790 0.49

3.0 120 1360 0.50

3.5 100 1310 0.50

4.0 120 1330 0.50

4.5 120 1690 0.50

5.0 130 1670 0.50

5.5 170 1560 0.49

6.0 170 1590 0.49

6.5 140 1550 0.50

7.0 140 1630 0.50

7.5 160 1580 0.50

8.0 170 1530 0.49

8.5 190 1640 0.49

9.0 200 1650 0.49

9.5 170 1600 0.49

10.0 150 1630 0.50

10.5 170 1600 0.49

11.0 180 1610 0.49

11.5 180 1590 0.49

12.0 170 1540 0.49

12.5 160 1580 0.49

13.0 190 1630 0.49

13.5 190 1580 0.49

14.0 170 1590 0.49

14.5 160 1580 0.49

15.0 160 1590 0.49

15.5 190 1580 0.49

16.0 210 1630 0.49

16.5 220 1640 0.49

17.0 220 1580 0.49

17.5 230 1580 0.49

18.0 210 1580 0.49

18.5 190 1590 0.49

19.0 220 1610 0.49

19.5 230 1640 0.49

20.0 220 1640 0.49

20.5 220 1630 0.49

21.0 220 1610 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (ft/s) (ft/s)

70.5 730 5090 0.49

72.2 760 5050 0.49

73.2 760 5130 0.49

75.5 740 5210 0.49

77.1 740 5170 0.49

78.7 770 5170 0.49

80A 800 5250 0.49

82.0 840 5250 0.49

83.7 860 5380 0.49

85.3 890 5510 0.49

86.9 940 5750 0.49

88.6 1010 5650 0.48

90.2 1000 5700 0.48

91.9 1090 5700 0.48

93.5 1060 5800 0.48

95.1 1040 5800 0.48

96.8 1060 5850 0.48

98.4 1060 5800 0.48

100.1 1080 5850 0.48

101.7 1060 5850 0.48

103.4 1120 5850 0.48

105.0 1130 5950 0.48

106.6 1250 6060 0.48

108.3 1180 5950 0.48

109.9 1100 5900 0.48

111.6 1120 5950 0.48

113.2 1170 6060 0.48

114.8 1230 6170 0.48

116.5 1210 6060 0.48

118.1 1130 5900 0.48

119.8 1140 5850 0.48

121A 1160 5900 0.48

123.0 1240 6060 0.48

124.7 1350 6290 0.48

126.3 1360 6410 0.48

128.0 1360 6230 0.47

129.6 1230 6060 0.48

131.2 1220 6120 0.48

132.9 1320 6230 0.48

134.5 1260 6800 0.48

136.2 1350 6940 0.48

137.8 1240 6540 0.48

139.4 1180 6290 0.48

141.1 1170 6290 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

21.5 220 1550 0.49

22.0 230 1540 0.49

22.3 230 1560 0.49

23.0 230 1590 0.49

23.5 220 1580 0.49

24.0 230 1580 0.49

24.5 240 1600 0.49

25.0 260 1600 0.49

25.5 260 1640 0.49

26.0 270 1680 0.49

26.5 290 1750 0.49

27.0 310 1720 0.48

27.5 310 1740 0.48

28.0 330 1740 0.48

28.5 320 1770 0.48

29.0 320 1770 0.48

29.5 320 1780 0.48

30.0 320 1770 0.48

30.5 330 1780 0.48

31.0 320 1780 0.48

31.5 340 1780 0.48

32.0 340 1810 0.48

32.5 380 1850 0.48

33.0 360 1810 0.48

33.5 340 1800 0.48

34.0 340 1810 0.48

34.5 360 1850 0.48

35.0 380 1880 0.48

35.5 370 1850 0.48

36.0 350 1800 0.48

36.5 350 1780 0.48

37.0 350 1800 0.48

37.5 380 1850 0.48

38.0 410 1920 0.48

38.5 410 1950 0.48

39.0 410 1900 0.47

39.5 370 1850 0.48

40.0 370 1860 0.48

40.5 400 1900 0.48

41.0 380 2070 0.48

41.5 410 2120 0.48

42.0 380 1990 0.48

42.5 360 1920 0.48

43.0 360 1920 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver4o-Receiver Travel Time-Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(tt) (ft/s) (ft/s)

142.7 1280 6540 0.48

144.4 1370 6470 0.48

146.0 1310 6350 0.48

147.6 1440 6800 0.48

149.3 1720 7170 0.47

150.9 1640 6940 0.47

152.6 1680 6870 0.47

154.2 1650 6470 0.47

155.8 1430 5950 0.47

157.5 1320 5600 0.47

159.1 1320 5510 0.47

160.8 1270 5560 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

43.5 390 1990 0.48

44.0 420 1970 0.48

44.5 400 1940 0.48

45.0 440 2070 0.48

45.5 520 2180 0.47

46.0 500 2120 0.47

46.5 510 2090 0.47

47.0 500 1970 0.47

47.5 440 1810 0.47

48.0 400 1710 0.47

48.5 400 1680 0.47

49.0 390 1690 0.47
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Table 8. Boring R-09--028, Suspension R1-R2 depths and p. and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD · Ratio

(ft) (ft/s) (llis)

3.3 330 2470 0.49

4.9 290 2310 0.49

6.6 300 2300 0.49

8.2 460 2640 0.48

9.8 310 3130 0.49

11.5 340 4250 0.50

13.1 400 3940 0.49

14.8 430 5090 0.50

16.4 410 4760 0.50

18.0 440 4500 0.50

19.7 500 4940 0.49

21.3 540 4090 0.49

23.0 660 3790 0.48

24.6 550 4830 0.49

26.3 500 4870 0.49

27.9 580 5010 0.49

29.5 630 5130 0.49

31.2 710 5330 0.49

32.8 770 4830 0.49

34.5 660 5050 0.49

36.1 510 4870 0.49

37.7 520 4940 0.49

39.4 560 5050 0.49

41.0 610 4830 0.49

42.7 740 4980 0.49

44.3 660 5010 0.49

45.9 580 5010 0.49

47.6 630 5210 0.49

49.2 670 5250 0.49

50.9 670 5210 0.49

52.5 740 5130 0.49

54.1 760 5210 0.49

55.8 790 5250 0.49

57.4 810 5250 0.49

59.1 790 5210 0.49

60.7 790 5250 0.49

62.3 850 5330 0.49

64.0 910 5380 0.49

65.6 870 5330 0.49

67.3 910 5420 0.49

68.9 870 5330 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

1.0 100 750 0.49

1.5 90 710 0.49

2.0 90 700 0.49

2.5 140 800 0.48

3.0 100 950 0.49

3.5 100 1290 0.50

4.0 120 1200 0.49

4.5 130 1550 0.50

5.0 130 1450 0.50

5.5 130 1370 0.50

6.0 150 1510 0.49

6.5 170 1250 0.49

7.0 200 1150 0.48

7.5 170 1470 0.49

8.0 150 1480 0.49

8.5 180 1530 0.49

9.0 190 1560 0.49

9.5 220 1630 0.49

10.0 230 1470 0.49

10.5 200 1540 0.49

11.0 160 1480 0.49

11.5 160 1510 0.49

12.0 170 1540 0.49

12.5 190 1470 0.49

13.0 230 1520 0.49

13.5 200 1530 0.49

14.0 180 1530 0.49

14.5 190 1590 0.49

15.0 200 1600 0.49

15.5 200 1590 0.49

16.0 230 1560 0.49

16.5 230 1590 0.49

17.0 240 1600 0.49

17.5 250 1600 0.49

18.0 240 1590 0.49

18.5 240 1600 0.49

19.0 260 1630 0.49

19.5 280 1640 0.49

20.0 270 1630 0.49

20.5 280 1650 0.49

21.0 270 1630 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Recelver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vp Ratio

(tt) (ftls) (ftls)

70.5 860 5330 0.49

72.2 850 5330 0.49

73.8 890 5460 0.49

75.5 960 5460 0.48

77.1 900 5380 0.49

78.7 890 5560 0.49

80.4 870 5460 0.49

82.0 780 5330 0.49

83.7 790 5330 0.49

85.3 720 5290 0.49

86.9 680 5250 0.49

88.6 760 5420 0.49

90.2 930 5560 0.49

91.9 1080 5800 0.48

93.5 1150 5950 0.48

95.1 1160 5900 0.48

96.8 1040 5600 0.48

98.4 920 5460 0.49

100.1 990 5700 0.48

101.7 1080 6010 0.48

103.4 1080 5900 0.48

105.0 1120 5950 0.48

106.6 1050 5900 0.48

108.3 1050 5850 0.48

109.9 1020 5850 0.48

111.6 1050 5850 0.48

113.2 1090 5900 0.48

114.8 1110 5900 0.48

116.5 1110 5900 0.48

118.1 1060 5850 0.48

119.8 1040 5800 0.48

121.4 1050 5850 0.48

123.0 1010 5850 0.48

124.7 1080 5950 0.48

126.3 1190 6120 0.48

128.0 1090 6230 0.48

129.6 1110 6470 0.48

131.2 1330 6600 0.48

133.2 1420 6600 0.48

134.5 1390 6410 0.48

136.2 1380 6410 0.48

137.8 1490 6600 0.47

139.4 1380 6540 0.48

141.1 1270 6010 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

21.5 260 1630 0.49

22.0 260 1630 0.49

22.5 270 1670 0.49

23.0 290 1670 0.48

23.5 270 1640 0.49

24.0 270 1690 0.49

24.5 260 1670 0.49

25.0 240 1630 0.49

25.5 240 1630 0.49

26.0 220 1610 0.49

26.5 210 1600 0.49

27.0 230 1650 0.49

27.5 280 1690 0.49

28.0 330 1770 0.48

28.5 350 1810 0.48

29.0 350 1800 0.48

29.5 320 1710 0.48

30.0 280 1670 0.49

30.5 300 1740 0.48

31.0 330 1830 0.48

31.5 330 1800 0.48

32.0 340 1810 0.48

32.5 320 1800 0.48

33.0 320 1780 0.48

33.5 310 1780 0.48

34.0 320 1780 0.48

34.5 330 1800 0.48

35.0 340 1800 0.48

35.5 340 1800 0.48

36.0 320 1780 0.48

36.5 320 1770 0.48

37.0 320 1780 0.48

37.5 310 1780 0.48

38.0 330 1810 0.48

38.5 360 1860 0.48

39.0 330 1900 0.48

39.5 340 1970 0.48

40.0 410 2010 0.48

40.6 430 2010 0.48

41.0 430 1950 0.48

41.5 420 1950 0.48

42.0 460 2010 0.47

42.5 420 1990 0.48

43.0 390 1830 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vp Ratio

(ft) (ft/s) (ft/s)

142.7 1280 5800 0.47

144.4 1320 5750 0.47

146.3 1420 5850 0.47

147.6 1340 5650 0.47

149.3 1270 5600 0.47

150.9 1390 5700 0.47

152.6 1360 5560 0.47

154.2 1330 5510 0.47

155.8 1340 5420 0.47

157.5 1340 5380 0.47

159.1 1350 5510 0.47

160.8 1340 5750 0.47

162.4 1320 5700 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

43.5 390 1770 0.47

44.0 400 1750 0.47

44.6 430 1780 0.47

45.0 410 1720 0.47

45.5 390 1710 0.47

46.0 420 1740 0.47

46.5 410 1690 0.47

47.0 410 1680 0.47

47.5 410 1650 0.47

48.0 410 1640 0.47

48.5 410 1680 0.47

49.0 410 1750 0.47

49.5 400 1740 0.47
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SUSPENSION VELOCITY MEASUREMENT
QUALITY ASSURANCE SUSPENSION SOURCE

TO RECEIVER ANALYSIS RESULTS
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Figure A-1. Boring R-09-007, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-1. Boring R-09-007, S -R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ft/s) (ft/s)

8.5 290 1630 0.48

10.1 280 2720 0.49

11.8 330 4710 0.50

13.4 390 4940 0.50

15.1 410 4900 0.50

16.7 420 5040 0.50

18.3 420 5390 0.50

20.0 430 5230 0.50

21.6 440 5230 0.50

23.3 460 5150 0.50

24.9 520 5390 0.50

26.6 530 5430 0.50

28.2 530 5170 0.49

29.8 570 5080 0.49

31.5 560 5170 0.49

33.1 550 5100 0.49

34.8 560 5080 0.49

36.4 530 5080 0.49

38.0 530 4950 0.49

39.7 560 5060 0.49

41.3 580 5170 0.49

43.0 590 5170 0.49

44.6 580 4460 0.49

46.2 570 4120 0.49

47.9 540 .4380 0.49

49.5 540 4280 0.49

51.2 560 4270 0.49

52.8 610 4280 0.49

54.4 620 4540 0.49

56.1 630 4890 0.49

57.7 660 5120 0.49

59.4 660 5060 0.49

61.0 680 5210 0.49

62.6 710 5190 0.49

64.3 700 5170 0.49

65.9 720 5170 0.49

67.6 690 5330 0.49

69.2 690 5350 0.49

70.8 730 5350 0.49

72.5 720 5370 0.49

74.1 750 5490 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) (m/s)

2.6 90 500 0.48

3.1 90 830 0.49

3.6 100 1440 0.50

4.1 120 1500 0.50

4.6 120 1490 0.50

5.1 130 1540 0.50

5.6 130 1640 0.50

6.1 130 1590 0.50

6.6 140 1590 0.50

7.1 140 1570 0.50

7.6 160 1640 0.50

8.1 160 1650 0.50

8.6 160 1580 0.49

9.1 170 1550 0.49

9.6 170 1580 0.49

10.1 170 1550 0.49

10.6 170 1550 0.49

11.1 160 1550 0.49

11.6 160 1510 0.49

12.1 170 1540 0.49

12.6 180 1580 0.49

13.1 180 1580 0.49

13.6 180 1360 0.49

14.1 170 1260 0.49

14.6 170 1330 0.49

15.1 160 1310 0.49

15.6 170 1300 0.49

16.1 190 1310 0.49

16.6 190 1380 0.49

17.1 190 1490 0.49

17.6 200 1560 0.49

18.1 200 1540 0.49

18.6 210 1590 0.49

19.1 220 1580 0.49

19.6 210 1580 0,49

20.1 220 1580 0.49

20.6 210 1620 0.49

21.1 210 1630 0.49

21.6 220 1630 0.49

22.1 220 1640 0.49

22.6 230 1670 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ftls) (ftls)

75.8 770 5640 0.49

77.4 770 5530 0.49

79.0 780 5250 0.49

80.7 770 5310 0.49

82.3 740 5430 0.49

84.0 780 5450 0.49

85.6 800 5550 0.49

87.2 790 5530 0.49

88.9 800 5510 0.49

90.5 790 5550 0.49

92.2 790 5550 0.49

93.8 820 5760 0.49

95.4 870 5850 0.49

97.1 880 5950 0.49

98.7 890 5950 0.49

100.4 890 5850 0.49

102.0 950 5780 0.49

103.7 950 5780 0.49

105.3 950 5760 0.49

106.9 940 5830 0.49

108.6 930 5880 0.49

110.2 900 5900 0.49

111.9 920 5880 0.49

113.5 930 5880 0.49

115.1 940 5830 0.49

116.8 930 5800 0.49

118.4 980 5800 0.49

120.1 1000 5800 0.48

121.7 1010 5730 0.48

123.3 1020 5800 0.48

125.0 1030 5780 0.48

126.6 1030 5760 0.48

128.3 1040 5800 0.48

129.9 1080 6100 0.48

131.5 1070 6130 0.48

133.2 1080 6160 0.48

134.8 1110 6100 0.48

136.5 1120 6320 0.48

138.1 1140 6350 0.48

139.7 1140 6350 0.48

141.4 1130 6240 0.48

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

23.1 230 1720 0.49

23.6 240 1690 0.49

24.1 240 1600 0.49

24.6 240 1620 0.49

25.1 230 1650 0.49

25.6 240 1660 0.49

26.1 240 1690 0.49

26.6 240 1690 0.49

27.1 240 1680 0.49

27.6 240 1690 0.49

28.1 240 1690 0.49

28.6 250 1750 0.49

29.1 260 1780 0.49

29.6 270 1810 0.49

30.1 270 1810 0.49

30.6 270 1780 0.49

31.1 290 1760 0.49

31.6 290 1760 0.49

32.1 290 1750 0.49

32.6 290 1780 0.49

33.1 280 1790 0.49

33.6 280 1800 0.49

34.1 280 1790 0.49

34.6 280 1790 0.49

35.1 290 1780 0.49

35.6 280 1770 0.49

36.1 300 1770 0.49

36.6 300 1770 0.48

37.1 310 1750 0.48

37.6 310 1770 0.48

38.1 310 1760 0.48

38.6 310 1750 0.48

39.1 320 1770 0.48

39.6 330 1860 0.48

40.1 330 1870 0.48

40.6 330 1880 0.48

41.1 340 1860 0.48

41.6 340 1930 0.48

42.1 350 1930 0.48

42.6 350 1930 0.48

43.1 340 1900 0.48
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Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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TableA=2. Boring R-09'-014, S - R1 quality assurance analysis pc.. and SH-wave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ft/s) (ft/s)

8.1 300 4830 0.50

9.8 250 4310 0.50

11.4 260 4430 0.50

13.0 340 4370 0.50

14.7 300 4590 0.50

16.3 370 4760 0.50

18.0 370 4760 0.50

19.6 400 4830 .0.50

21.2 400 4910 0.50

22.9 410 4870 0.50

24.5 450 5020 0.50

26.2 470 5060 0.50

27.8 490 5190 0.50

29.4 510 5190 0.50

31.1 520 5230 0.49

32.7 540 5190 0.49

34.4 490 5020 0.50

36.0 510 5020 0.49

37.6 490 4950 0.50

39.3 480 4950 0.50

40.9 560 5100 0.49

42.6 570 4910 0.49

44.2 530 5060 0.49

45.8 540 4370 0.49

47.5 490 4370 0.49

49.1 510 4220 0.49

50,8 530 4280 0.49

52.4 560 4830 0.49

54.0 610 5280 0.49

55.7 630 5100 0.49

57.3 630 5100 0.49

59.0 620 5410 0.49

60.6 660 5320 0.49

62.2 660 5410 0.49

63.9 670 5150 0.49

65.9 690 5360 0.49

67.2 690 5360 0.49

68.8 720 5410 0.49

70.5 740 5460 0.49

72.1 740 5410 0.49

73.7 760 5500 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

2.5 90 1470 0.50

3.0 80 1310 0.50

3.5 80 1350 0.50

4.0 100 1330 0.50

4.5 90 1400 0.50

5.0 110 1450 0.50

5.5 110 1450 0.50

6.0 120 1470 0.50

6.5 120 1500 0.50

7.0 120 1480 0.50

7.5 140 1530 0.50

8.0 140 1540 0.50

8.5 150 1580 0.50

9.0 150 1580 0.50

9.5 160 1590 0.49

10.0 160 1580 0.49

10.5 150 1530 0.50

11.0 150 1530 0.49

11.5 150 1510 0.50

12.0 150 1510 0.50

12.5 170 1560 0.49

13.0 170 1500 0.49

13.5 160 1540 0.49

14.0 160 1330 0.49

14.5 150 1330 0.49

15.0 150 1290 0.49

15.5 160 1300 0.49

16.0 170 1470 0.49

16.5 190 1610 0.49

17.0 190 1560 0.49

17.5 190 1560 0.49

18.0 190 1650 0.49

18.5 200 1620 0.49

19.0 200 1650 0.49

19.5 200 1570 0.49

20.1 210 1640 0.49

20.5 210 1640 0.49

21.0 220 1650 0.49

21.5 220 1660 0.49

22.0 230 1650 0.49

22.5 230 1680 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R"09-014

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver V, Vo Ratio

(ft) (ftIs) (ftls)

7504 790 5650 0.49

no 790 5650 0.49

78.7 820 5650 0.49

80.3 850 5750 0049

81.9 870 5750 0.49

83.6 900 5700 0.49

85.2 920 5700 0.49

86.9 910 5700 0.49

88.5 940 5810 0.49

90.1 910 5700 0.49

91.8 900 5890 0.49

9304 910 5890 0.49

95.1 920 5970 0.49

96.7 920 5860 0.49

98.7 930 6000 0.49

100.0 960 5920 0.49

101.6 950 5920 0.49

103.3 960 5890 0.49

105.2 950 5810 0.49

106.5 940 5860 0.49

108.2 950 5890 0.49

109.8 960 5890 0.49

111.5 960 6000 0.49

113.1 1010 5920 0.49

114.7 980 5970 0049

11604 980 6000 0049

118.0 960 5730 0049

119.7 1010 6090 0049

121.3 1010 6090 0049

122.9 1030 6210 0049

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver V, Vo Ratio

(m) (m/s) (m/s)

23.0 240 1720 0049

23.5 240 1720 0049

24.0 250 1720 0049

24.5 260 1750 0049

25.0 260 1750 0049

25.5 270 1740 0049

26.0 280 1740 0049

26.5 280 1740 0049

27.0 280 1770 0049

27.5 280 1740 0049

28.0 270 1790 0049

28.5 280 1790 0049

29.0 280 1820 0049

29.5 280 1790 0049

30.1 280 1830 0049

30.5 290 1800 0049

31.0 290 1800 0049

31.5 290 1790 0049

32.1 290 1770 0049

32.5 290 1790 0049

33.0 290 1790 0049

33.5 290 1790 0049

34.0 290 1830 0049

34.5 310 1800 0049

35.0 300 1820 0049

35.5 300 1830 0049

36.0 290 1750 0.49

36.5 310 1860 0049

37.0 310 1860 0049

37.5 310 1890 0.49
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Earth Mechanics Inc. Project Number 06-123

SCHUYLER HElM BRIDGE BORINGR-D9-D21
Source to Receiver and Receiver to Receiver Analysis
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Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-3. Boring R-09-021 J S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (fUs) (fUs)

11.8 430 3950 0.49

13.4 460 4040 0.49

15.1 490 3910 0.49

16.1 530 4340 0.49

18.3 490 4680 0.49

20.0 450 4530 0.50

21.6 440 4590 0.50

23.3 440 4530 0.50

24.9 440 4740 0.50

26.6 490 4940 0.50

28.2 530 4870 0.49

29.8 530 5040 0.49

31.5 550 4990 0.49

33.1 580 5100 0.49

34.8 560 5040 0.49

36.4 590 5150 0.49

38.0 590 5120 0.49

39.7 590 5120 0.49

41.3 600 5270 0.49

43.0 560 5270 0.49

44.6 540 5250 0.49

46.2 540 5230 0.49

47.9 540 5210 0.49

49.5 560 5310 0.49

51.2 630 5330 0.49

52.8 630 5290 0.49

54.4 600 5310 0.49

56.1 630 5350 0.49

57.7 630 5410 0.49

59.4 660 5530 0.49

61.0 750 5600 0.49

62.6 740 5580 0.49

64.3 740 5510 0.49

65.9 730 5470 0.49

67.6 700 5510 0.49

69.2 690 5550 0.49

70.8 690 5620 0.49

72.5 690 5470 0.49

74.1 690 5430 0.49

75.8 710 5470 0.49

77.4 760 5580 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

3.6 130 1200 0.49

4.1 140 1230 0.49

4.6 150 1190 0.49

4.9 160 1320 0.49

5.6 150 1430 0.49

6.1 140 1380 0.50

6.6 130 1400 0.50

7.1 130 1380 0.50

H3 130 1440 0.50

8.1 150 1500 0.50

8.6 160 1480 0.49

9.1 160 1540 0.49

9.6 170 1520 0.49

10.1 180 1550 0.49

10.6 170 1540 0.49

11.1 180 1570 0.49

11.6 180 1560 0.49

12.1 180 1560 0.49

12.6 180 1610 0.49

13.1 170 1610 0.49

13.6 160 1600 0.49

14.1 170 1590 0.49

14.6 170 1590 0.49

15.1 170 1620 0.49

15.6 190 1620 0.49

16.1 190 1610 0.49

16.6 180 1620 0.49

17.1 190 1630 0.49

17.6 190 1650 0.49

18.1 200 1690 0.49

18.6 230 1710 0.49

19.1 230 1700 0.49

19.6 230 1680 0.49

20.1 220 1670 0.49

20.6 210 1680 0.49

21.1 210 1690 0.49

21.6 210 1710 0.49

22.1 210 1670 0.49

22.6 210 1650 0.49

23.1 220 1670 0.49

23.6 230 1700 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(tt) (ftIs) (ftIs)

79.0 770 5580 0.49

80.7 820 5550 0.49

82.3 830 5620 0.49

84.0 850 5550 0.49

85.6 880 5580 0.49

87.2 880 5670 0.49

88.9 890 5710 0.49

90.5 920 5760 0.49

92.2 930 5850 0.49

93.8 950 5880 0.49

95.4 960 5880 0.49

97.1 970 5850 0.49

98.7 980 5880 0.49

100.4 1000 5800 0.48

102.0 1000 5930 OA9

103.7 1020 5830 OA8

105.3 1020 5930 OA8

106.9 1030 5970 OA8

108.6 1030 5730 OA8

110.2 1040 5930 OA8

111.9 1040 5880 OA8

113.5 1040 5970 OA8

115.1 1060 5970 OA8

116.8 1060 5970 OA8

118.4 1060 6030 OA8

120.4 1080 5930 OA8

121.7 1090 5970 OA8

123.3 1090 5970 OA8

125.0 1100 6130 OA8

126.6 1090 6080 OA8

128.3 1050 5970 OA8

129.9 1050 5850 0.48

131.5 1110 6050 OA8

133.2 1110 6100 OA8

134.8 1140 6160 OA8

136.5 1150 6210 OA8

138.1 1160 6410 OA8

139.7 1160 6380 OA8

141A 1160 6580 OA8

143.0 1170 6680 OA8

144.7 1180 6710 OA8

146.3 1210 6550 OA8

147.9 1200 6550 0.48

149.9 1210 6580 OA8

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

24.1 240 1700 0.49

24.6 250 1690 0.49

25.1 250 1710 0.49

25.6 260 1690 0.49

26.1 270 1700 OA9

26.6 270 1730 0.49

27.1 270 1740 OA9

27.6 280 1750 0.49

28.1 280 1780 0.49

28.6 290 1790 0.49

29.1 290 1790 0.49

29.6 300 1780 OA9

30.1 300 1790 0.49

30.6 300 1770 0.48

31.1 310 1810 0.49

31.6 310 1780 0.48

32.1 310 1810 0.48

32.6 310 1820 0.48

33.1 310 1750 0.48

33.6 320 1810 0.48

34.1 320 1790 0.48

34.6 320 1820 0.48

35.1 320 1820 0.48

35.6 320 1820 0.48

36.1 320 1840 0.48

36.7 330 1810 OA8

37.1 330 1820 0.48

37.6 330 1820 0.48

38.1 330 1870 0.48

38.6 330 1850 OA8

39.1 320 1820 OA8

39.6 320 1780 0.48

40.1 340 1840 OA8

40.6 340 1860 OA8

41.1 350 1880 OA8

41.6 350 1890 OA8

42.1 350 1950 OA8

42.6 350 1940 0.48

43.1 350 2010 OA8

43.6 360 2030 OA8

44.1 360 2040 0.48

44.6 370 2000 OA8

45.1 370 2000 OA8

45.7 370 2010 0.48

GEOVisionReport 9375-01 rev a Page 50 of 72 Novennber11,2009



Earth Mechanics Inc. Project Number 06-123

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09~021

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(tt) (ft/s) (ft/s)

151.2 1230 6490 0.48

153.2 1230 6460 0.48

154.5 1250 6520 0.48

156.1 1290 6520 0.48

157.8 1300 6580 0.48

159.4 1260 6490 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

46.1 370 1980 0.48

46.7 370 1970 0.48

47.1 380 1990 0.48

47.6 390 1990 0.48

48.1 400 2010 0.48

48.6 380 1980 0.48
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Earth Mechanics Inc. Project Number 06-123

SCHUYLER HElM BRIDGE BORING R..Qa..Q22
Source to Receiver and Receiver to Receiver Analysis
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Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- andSn-wave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) Ift/s) (ft/s)

8.1 320 2410 OA9

9.8 290 3540 0.50

11A 310 3790 0.50

13.0 330 4140 0.50

15.0 360 4760 0.50

16.3 420 4910 0.50

18.0 430 4910 0.50

19.6 450 5060 0.50

21.2 520 5060 OA9

22.9 560 5150 OA9

24.5 540 5060 OA9

26.2 570 5150 OA9

27.8 580 5150 OA9

29.4 580 5150 0.49

31.1 670 5150 0.49

32.7 640 5100 0.49

34.4 600 5130 0.49

36.0 590 5040 0.49

37.6 550 4930 OA9

39.0 550 4950 0.49

40.9 570 4960 0.49

42.6 560 5060 0.49

44.2 560 4960 0.49

45.8 540 4950 OA9

47.5 510 4870 0.49

49.1 530 4950 0.49

50.8 560 5150 0.49

52.4 610 5150 0.49

54.0 640 5150 OA9

55.7 650 5170 0.49

57.3 640 5170 0.49

58.3 630 5100 0.49

60.6 650 5170 0.49

62.2 650 5150 0.49

63.9 650 5340 0.49

65.5 690 5300 OA9

67.2 690 5360 0.49

68.8 700 5340 OA9

70.5 750 5320 OA9

72.1 740 5230 0.49

73.7 760 5190 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(rn) (rn/s) (m/s)

2.5 100 730 0.49

3.0 90 1080 0.50

3.5 90 1160 0.50

4.0 100 1260 0.50

4.6 110 1450 0.50

5.0 130 1500 0.50

5.5 130 1500 0.50

6.0 140 1540 0.50

6.5 160 1540 0049

7.0 170 1570 OA9

7.5 160 1540 0049

8.0 170 1570 0049

8.5 180 1570 0049

9.0 180 1570 0049

9.5 200 1570 0049

10.0 200 1560 0049

10.5 180 1560 0.49

11.0 180 1540 0049

11.5 170 1500 0.49

11.9 170 1510 0.49

12.5 170 1510 0049

13.0 170 1540 0.49

13.5 170 1510 0.49

14.0 170 1510 OA9

14.5 150 1480 0049

15.0 160 1510 0049

15.5 170 1570 0049

16.0 190 1570 0.49

16.5 190 1570 0049

17.0 200 1580 0049

17.5 190 1580 0.49

17.8 190 1560 0.49

18.5 200 1580 0.49

19.0 200 1570 0.49

19.5 200 1630 0.49

20.0 210 1610 0.49

20.5 210 1640 0.49

21.0 210 1630 0.49

21.5 230 1620 0.49

22.0 230 1590 0.49

22.5 230 1580 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R·09~022

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftls) (ftls)

75.4 770 5080 0.49

77.0 790 5130 0.49

78.7 850 5170 0.49

80.3 890 5320 0.49

81.9 920 5360 0.48

83.6 960 5460 0.48

85.2 1000 5550 0.48

86.9 1020 5600 0.48

88.5 1020 5730 0.48

90.1 1050 5780 0.48

91.8 1050 5730 0.48

93.4 1050 5630 0.48

95.1 1030 5730 0.48

96.7 1050 5730 0.48

98.3 1060 5730 0.48

100.0 1080 5730 0.48

101.0 1090 5780 0.48

103.3 1080 5860 0.48

104.9 1060 5810 0.48

106.5 990 5600 0.48

108.2 1090 5700 0.48

109.8 1130 6060 0.48

111.5 1160 6180 0.48

113.1 1160 6180 0.48

114.7 1130 6180 0.48

116.4 1120 6000 0.48

118.0 1120 6090 0.48

119.7 1130 5830 0.48

121.3 1210 6030 0.48

123.3 1310 6060 0.48

124.6 1310 6180 0.48

126.2 1280 6180 0.48

128.2 1270 5940 0.48

129.5 1230 5940 0.48

131.1 1200 5940 0.48

132.8 1160 5860 0.48

134.4 1170 5940 0.48

136.1 1230 6210 0.48

137.7 1370 6390 0.48

139.3 1470 6430 0.47

141.0 1510 6530 0.47

142.6 1420 6730 0.48

144.3 1360 6660 0.48

146.2 1350 6490 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

23.0 240 1550 0.49

23.5 240 1560 0.49

24.0 260 1580 0.49

24.5 270 1620 0.49

25.0 280 1640 0.48

25.5 290 1660 0.48

26.0 310 1690 0.48

26.5 310 1710 0.48

27.0 310 1750 0.48

27.5 320 1760 0.48

28.0 320 1750 0.48

28.5 320 1720 0.48

29.0 310 1750 0.48

29.5 320 1750 0.48

30.0 320 1750 0.48

30.5 330 1750 0.48

30.8 330 1760 0.48

31.5 330 1790 0.48

32.0 320 1770 0.48

32.5 300 1710 0.48

33.0 330 1740 0.48

33.5 340 1850 0.48

34.0 350 1880 0.48

34.5 350 1880 0.48

35.0 340 1880 0.48

35.5 340 1830 0.48

36.0 340 1860 0.48

36.5 340 1780 0.48

37.0 370 1840 0.48

37.6 400 1850 0.48

38.0 400 1880 0.48

38.5 390 1880 0.48

39.1 390 1810 0.48

39.5 380 1810 0.48

40.0 370 1810 0.48

40.5 350 1790 0.48

41.0 360 1810 0.48

41.5 380 1890 0.48

42.0 420 1950 0.48

42.5 450 1960 0.47

43.0 460 1990 0.47

43.5 430 2050 0.48

44.0 410 2030 0.48

44.6 410 1980 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel-Time Data - Borehole R-09-022··

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(tt) (fUs) (fUs)

147.6 1300 6360 0.48

149.2 1310 6270 0.48

150.8 1280 6390 0.48

152.5 1310 6530 0.48

154.1 1310 6490 0.48

155.8 1350 6660 0.48

157.4 1460 6880 0.48

159.0 1440 6700 0.48

160.7 1310 6300 0.48

162.3 1210 5860 0.48

164.0 1250 5780 0.48

165.6 1210 5810 0.48

167.2 1190 5860 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

45.0 400 1940 0.48

45.5 400 1910 0.48

46.0 390 1950 0.48

46.5 400 1990 0.48

47.0 400 1980 0.48

47.5 410 2030 0.48

48.0 450 2100 0.48

48.5 440 2040 0.48

49.0 400 1920 0.48

49.5 370 1790 0.48

50.0 380 1760 0.48

50.5 370 1770 0.48

51.0 360 1790 0.48
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"SCHUYLER HElM BRIDGE BORING R-D9-G26
Source to Receiver and Receiver to Receiver Analysis
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Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftIs) (ftIs)

8.1 340 3260 0.49

9.8 340 3520 0.50

11.4 360 4110 0.50

13.0 370 4520 0.50

14.7 400 4470 0.50

16.3 430 4690 0.50

18.0 420 4690 0.50

19.6 450 4830 0.50

21.2 470 4810 0.50

22.9 460 5060 0.50

24.5 500 5040 0.50

26.2 550 5040 0.49

27.8 570 5230 0.49

29.4 550 5210 0.49

31.1 530 5100 0.49

32.7 510 5040 0.49

34.4 500 5080 0.50

36.0 510 5080 0.49

37.6 510 5060 0.49

39.3 510 5040 0.49

40.9 540 5060 0.49

42.6 510 5040 0.49

44.2 530 5080 0.49

45.8 540 5060 0.49

47.5 530 5060 0.49

49.1 570 5040 0.49

50.8 600 5060 0.49

52.4 660 5190 0.49

54.0 710 5230 0.49

55.7 700 5230 0.49

57.3 640 5130 0.49

59.0 660 5150 0.49

60.6 690 5320 0.49

62.2 670 5340 0.49

63.9 700 5410 0.49

65.5 750 5430 0.49

67.2 740 5430 0.49

68.8 750 5360 0.49

70.5 760 5280 0.49

72.1 780 5250 0.49

73.7 770 5210 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) (m/s)

2.5 100 990 0.49

3.0 110 1070 0.50

3.5 110 1250. 0.50

4.0 110 1380 0.50

4.5 120 1360 0.50

5.0 130 1430 0.50

5.5 130 1430 0.50

6.0 140 1470 0.50

6.5 140 1470 0.50

7.0 140 1540 0.50

7.5 150 1540 0.50

8.0 170 1540 0.49

8.5 170 1590 0.49

9.0 170 1590 ·0.49

9.5 160 1560 0.49

10.0 160 1540 0.49

10.5 150 1550 0.50

11.0 150 1550 0.49

11.5 150 1540 0.49

12.0 160 1540 0.49

12.5 160 1540 0.49

13.0 160 1540 0.49

13.5 160 1550 0.49

14.0 160 1540 0.49

14.5 160 1540 0.49

15.0 170 1540 0.49

15.5 180 1540 0.49

16.0 200 1580 0.49

16.5 220 1590 0.49

17.0 210 1590 0.49

17.5 200 1560 0.49

18.0 200 1570 0.49

18.5 210 1620 0.49

19.0 200 1630 0.49

19.5 210 1650 0.49

20.0 230 1660 0.49

20.5 230 1660 0.49

21.0 230 1640 0.49

21.5 230 1610 0.49

22.0 240 1600 0.49

22.5 230 1590 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based onSource-to-Receiver Travel Time Data - Borehole R-09~025 -

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ft/s) (ft/s)

75.4 770 5320 0.49

no 770 5360 0.49

78.0 780 5250 0.49

80.3 810 5360 0.49

81.9 820 5300 0.49

83.6 860 5550 0.49

85.2 900 5650 0.49

86.9 930 5730 0.49

88.5 950 5650 0.49

90.1 990 5730 0.48

91.8 1000 5860 0.48

93.4 990 5920 0.49

95.1 970 5890 0.49

96.7 990 5890 0.49

98.3 1000 5920 0.49

100.0 1010 5970 0.49

101.6 1050 5920 0.48

103.3 1070 5920 0.48

104.9 1090 6000 0.48

106.5 1110 6030 0.48

108.2 1110 6030 0.48

109.8 1120 6000 0.48

111.5 1150 6090 0.48

113.1 1190 6120 0.48

114.7 1160 6150 0.48

116.4 1160 6030 0.48

118.0 1180 6000 0.48

119.7 1170 5970 0.48

121.3 1190 5920 0.48

122.9 1250 6120 0.48

124.6 1310 6240 0.48

126.2 1330 6460 0.48

127.9 1300 6360 0.48

129.5 1310 6390 0.48

131.1 1280 6270 0.48

132.8 1350 6490 0.48

134.4 1410 6730 0.48

136.1 1380 6730 0.48

137.7 1240 6660 0.48

139.3 1170 6490 0.48

141.0 1170 6490 0.48

142.6 1190 6560 0.48

144.3 1260 6430 0.48

145.9 1330 6660 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

23.0 230 1620 0.49

23.5 240 1640 0.49

23.8 240 1600 0.49

24.5 250 1640 0.49

25.0 250 1610 0.49

25.5 260 1690 0.49

26.0 270 1720 0.49

26.5 280 1750 0.49

27.0 290 1720 0.49

27.5 300 1750 0.48

28.0 310 1790 0.48

28.5 300 1800 0.49

29.0 300 1790 0.49

29.5 300 1790 0.49

30.0 310 1800 0.49

30.5 310 1820 0.49

31.0 320 1800 0.48

31.5 330 1800 0.48

32.0 330 1830 0.48

32.5 340 1840 0.48

33.0 340 1840 0.48

33.5 340 1830 0.48

34.0 350 1860 0.48

34.5 360 1860 0.48

35.0 350 1870 0.48

35.5 350 1840 0.48

36.0 360 1830 0.48

36.5 360 1820 0.48

37.0 360 1800 0.48

37.5 380 1860 0.48

38.0 400 1900 0.48

38.5 410 1970 0.48

39.0 400 1940 0.48

39.5 400 1950 0.48

40.0 390 1910 0.48

40.5 410 1980 0.48

41.0 430 2050 0.48

41.5 420 2050 0.48

42.0 380 2030 0.48

42.5 360 1980 0.48

43.0 360 1980 0.48

43.5 360 2000 0.48

44.0 380 1960 0.48

44.5 410 2030 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ft/s) (ft/s)

147.6 1380 6660 0.48

149.2 1450 6730 0.48

150.8 1550 7030 0.47

152.5 1610 7030 0.47

154.1 1490 6700 0.47

155.8 1420 6150 0.47

157.4 1330 6000 0.47

159.0 1320 5700 0.47

1607 1280 5600 0.47

162.3 1330 5680 0.47

164.0 1320 5600 0.47

165.6 1360 5630 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

45.0 420 2030 0.48

45.5 440 2050 0.48

46.0 470 2140 0.47

46.5 490 2140 0.47

47.0 450 2040 0.47

47.5 430 1870 0.47

48.0 410 1830 0.47

48.5 400 1740 0,47

49.0 390 1710 0,47

49.5 410 1730 0,47

50.0 400 1710 0.47

50.5 420 1720 0,47
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Earth Mechanics Inc. Project Number 06-123

SCHUYLER HElM BRIDGE BORING R-QS-Q2S'
Source to Receiver and Receiver to Receiver Analysis
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Figure A-5. Boring R-09-028, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-6. Boring R-09-028, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(tt) (ftls) (ftls)

8.1 370 2440 0.49

9.8 370 3660 0.49

11.4 350 4590 0.50

13.0 350 4490 0.50

14.7 410 4400 0.50

16.3 400 4650 0.50

18.0 420 4760 0.50

19.6 470 4720 0.49

21.2 520 4670 0.49

22.9 510 4690 0.49

24.5 540 4670 0.49

26.2 550 4780 0.49

27.8 570 4950 0.49

29.4 660 4980 0.49

31.1 690 4930 0.49

32.7 610 4910 0.49

34.4 570 4870 0.49

36.0 550 4670 0.49

37.6 520 4780 0.49

39.3 550 4760 0.49

40.9 600 4950 0.49

42.6 590 4870 0.49

44.2 570 4950 0.49

45.8 580 5000 0.49

47.5 570 5040 0.49

49.1 600 5020 0.49

50.8 670 5100 0.49

52.4 690 5130 0.49

54.0 730 5250 0.49

55.7 780 5250 0.49

57.3 780 5210 0.49

59.0 790 5300 0.49

60.6 800 5230 0.49

62.2 830 5250 0.49

63.9 870 5230 0.49

65.5 890 5390 0.49

67.2 880 5390 0.49

68.8 890 5320 0.49

70.5 890 5360 0.49

72.1 890 5340 0.49

73.7 890 5390 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

2.5 110 740 0.49

3.0 110 1120 0.49

3.5 110 1400 0.50

4.0 110 1370 0.50

4.5 120 1340 0.50

5.0 120 1420 0.50

5.5 130 1450 0.50

6.0 140 1440 0.49

6.5 160 1420 0.49

7.0 160 1430 0.49

7.5 160 1420 0.49

8.0 170 1460 0.49

8.5 170 1510 0.49

9.0 200 1520 0.49

9.5 210 1500 0.49

10.0 190 1500 0.49

10.5 170 1480 0.49

11.0 170 1420 0.49

11.5 160 1460 0.49

12.0 170. 1450 0.49

12.5 180 1510 0.49

13.0 180 1480 0.49

13.5 170 1510 0.49

14.0 180 1530 0.49

14.5 170 1540 0.49

15.0 180 1530 0.49

15.5 200 1560 0.49

16.0 210 1560 0.49

16.5 220 1600 0.49

17.0 240 1600 0.49

17.5 240 1590 0.49

18.0 240 1610 0.49

18.5 250 1590 0.49

19.0 250 1600 0.49

19.5 260 1590 0.49

20.0 270 1640 0.49

20.5 270 1640 0.49

21.0 270 1620 0.49

21.5 270 1640 0.49

22.0 270 1630 0.49

22.5 270 1640 0.49
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Earth Mechanics Inc. Project Number 06-123

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data -Borehole R-09-028 .

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftls) (ftls)

75.4 890 5480 0.49

77.0 900 5500 0.49

78.7 860 5430 0.49

80.3 830 5460 0.49

81.9 800 5320 0.49

83.6 730 5210 0.49

85.2 730 5190 0.49

86.9 730 5340 0.49

88.5 760 5410 0.49

90.1 850 5460 0.49

91.8 980 5630 0.48

93.4 1030 5810 0.48

95.1 1010 5700 0.48

96.7 960 5460 0.48

98.3 950 5480 0.48

100.0 940 5630 0.49

101.6 1030 5780 0.48

103.3 1090 6030 0.48

104.9 1120 6090 0.48

106.5 1120 6090 0.48

108.2 1030 5970 0.48

109.8 1030 6000 0.48

111.5 1030 5940 0.48

113.1 1030 5970 0.48

114.7 1030 6120 0.49

116.4 1110 6060 0.48

118.0 1080 6120 0.48

119.7 1080 6090 0.48

121.3 1010 6000 0.49

122.9 1030 6090 0.49

124.6 1090 6090 0.48

126.2 1110 6120 0.48

127.9 1160 6330 0.48

129.5 1210 6560 0.48

131.1 1230 6700 0.48

132.8 1280 6730 0.48

134.4 1340 6660 0.48

136.1 1360 6560 0.48

138.0 1330 6300 0.48

139.3 1330 6270 0.48

141.0 1310 . 6060 0.48

142.6 1310 5920 0.47

144.3 1300 5780 0.47

145.9 1360 5700 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

23.0 270 1670 0.49

23.5 270 1680 0.49

24.0 260 1660 0.49

24.5 250 1660 0.49

25.0 250 1620 0.49

25.5 220 1590 0.49

26.0 220 1580 0.49

26.5 220 1630 0.49

27.0 230 1650 0.49

27.5 260 1660 0.49

28.0 300 1720 0.48

28.5 310 1770 0.48

29.0 310 1740 0.48

29.5 290 1660 0.48

30.0 290 1670 0.48

30.5 290 1720 0.49

31.0 310 1760 0.48

31.5 330 1840 0.48

32.0 340 1860 0.48

32.5 340 1860 0.48

33.0 310 1820 0.48

33.5 310 1830 0.48

34.0 310 1810 0.48

34.5 310 1820 0.48

35.0 310 1860 0.49

35.5 340 1850 0.48

36.0 330 1860 0.48

36.5 330 1860 0.48

37.0 310 1830 0.49

37.5 310 1860 0.49

38.0 330 1860 0.48

38.5 340 1860 0.48

39.0 350 1930 0.48

39.5 370 2000 0.48

40.0 370 2040 0.48

40.5 390 2050 0.48

41.0 410 2030 0.48

41.5 410 2000 0.48

42.1 400 1920 0.48

42.5 410 1910 0.48

43.0 400 1850 0.48

43.5 400 1800 0.47

44.0 400 1760 0.47

44.5 410 1740 0.47
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Earth Mechanics Inc. Project Number 06-123

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R~09~028

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(ft) (fUs) (ft/s)

147.6 1360 5750 0.47

149.2 1370 5700 0.47

151.2 1360 5600 0.47

152.5 1350 5580 0.47

154.1 1360 5550 0.47

155.8 1350 5390 0.47

157.4 1340 5410 0.47

159.0 1370 5430 0.47

160.7 1350 5410 0.47

162.3 1360 5630 0.47

164.0 1360 5650 0.47

165.6 1370 5650 0.47

167.2 1360 5700 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) (m/s)

45.0 410 1750 0.47

45.5 420 1740 0.47

46.1 410 1710 0.47

46.5 410 1700 0.47

47.0 410 1690 0.47

47.5 410 1640 0.47

48.0 410 1650 0.47

48.5 420 1660 0.47

49.0 410 1650 0.47

49.5 410 1720 0.47

50.0 410 1720 0.47

50.5 420 1720 0.47

51.0 410 1740 0.47
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PROCEDURES AND CALIBRATION RECORDS
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Calibration Report

Project Number 06-123

Page 1 of 4

1IIIIIIInTilIlu m"~lllflllllllllll
573794

Metrology
7300 Fenwick Lane

Westminster, CA 92683
T"ollFree: 866-723-1257

GEOVision Geophysical Services
1124 Olympic Drive

Corona, CA 92881-3390

Lab Code: 105014-0

Manufacturer:
Model Number:
Description:
Asset Number:
Serial Number:
Cal. Procedure:
PO Number:

Oyo
3403
Unit, Suspension Telemetry

160023

160023

Customer

9200-090716-01

Ambient Temnerature:
Ambient Humidity:
Condition As Found:
Condition As Left:
Calibration Date:
Calibration Due Date:
Calibration Interval:

23° C

56% RH
In Tolerance

In Tolerance - No Adjustment

07/17/2009

07/17/2010

12 Months

Remarks:
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SCE Document MO13987. The data can be found on pages2 and 3 of this report with the original observation data on page 4.

Standards Utilized

81-01252 Hewlett Packard 5335A OPT 010,203040 Counter, Universal 01/29/2009 07/29/2009

81-01347 Hewlett Packard 3325A Generator, Function, Synthesizer 05/04/2009 11/04/2009

81-03686 Fluke 910 Standard, Frequency, Controlled, Gps 01/24/2009 01/24/2010

NnmcPhone

714-895-0714

Title

!3.r~nson:..C!'aig A C:/.)fl. . Metrol_o_gl_'S_1 _
Nnmc

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014-0, and in compliance with ISO/IEG 17025:2005, ANSI/NCSL Z540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided,
the uncertai~¥:tJ{'}ted Is~he exp.aM!ed uncertainty of the measurement, where k=2.

ision eoort 9375-01 rev a Pane 65 of 72 November 11,2009



Earth Mechanics lnc.
Project Number 06-123

Page 2 of4

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

Test No. 573794
Asset No. 160023

--

Out CALIBRATIONSTEP FUNCTION N01VIINAL
AS FOUND AS LEFT of

TOLERANCENUM TESTED VALUE Tol
--c--

49.50 to 50.50 HzCHHN
Frequency 50.00 Hz 50.00 Same

[EMU 0.000250]Sine Wave
\---

99.0 to 101.0 Hz
I 100.0 Hz 100.0 Same

[EMU 0.000500]
--

198.0 to 202.0 HzI 200.0 Hz 200.0 Same
[EMU 0.001000]

-------- --
495.0 to 505.0 Hz

I 500.0 Hz 500.0 Same
[EMU 0.002500]

-_.-I-

990 to 1010 HzI 1000 Hz 1000 Same
[EMU 0.005000]

----_.----_.1---

1980 to 2020 HzI 2000 Hz 2000 Same
[EMU 0.010000]

..---

CHHR 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave _.-t--

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500]

----_.-1----

198.0 to 202.0 HzI 200.0 Hz 200.0 Same
[EMU 0.001000]

495.0 to 505.0 HzI 500.0 Hz 500.0 Same
[EMU 0.002500]

--

990 to 1010 HzI 1000 Hz 1000 Same
[EMU 0.005000]

----

1980 to 2020 HzI 2000 Hz 2000 Same
[EMU 0.010000]

._--------
CHV 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same

[EMU 0.000250]Sine Wave
-------

99.0 to 101.0 Hz
I 100.0 Hz 100.0 Same

[EMU 0.000500]
----------

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same

[EMU 0.001000]
--

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same

[EMU 0.002500]
---

Remarks:

MIIf/Cnts CPM: Version 2.1.1 [Professional}

Src DU/: (954BAF3D-C74D-4C9F-/IEEF-JJEF560BC45Jj (c)

Doc DUr: (lIB rOF47E-4C5F-4650-9 JCB-IJ05A 7JE36r cr j (0)

ATTACHMENT 2
Page 1 of2

Customer
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Test No. 573794
Asset No. 160023

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

r-roject rsurnoer uo- I~.:l

Page 3 of4

STEP FUNCTION NOMINAL
Out CALIBRAnON

AS FOUND AS LEFT of
NUM TESTED VALUE Tal TOLERANCE

-
CHV 990 to 1010 Hz

Frequency 1000 Hz 998.9 Same
Sine Wave [EMU 0.005000]

---- --- -----

I 2000 Hz 2000 Same
1980 to 2020 Hz
[EMU 0.010000]

----I---

--

r-r- --

r------ --

------ ----_.--_. ~.

1-------1----------- ------------

--

--

1----------

,
--

I- ----_.--

----- - ------------ -

1------ '--- ----------
Remarks:

MlItlCrJls CPM: version 2.2.2 {Projessionul}
Sloe DU1: (9548AF3D-C74D-4C9F-AEEF-21EF560BC451j (ej

Doc DUl: (AB10F47E-4C5F-4650-91CB-A05A 72E36JClj (0)

GEOVision Report 9375-01 rev a
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I::artn ivrecnarucs Inc. Project NumDe~5-123

I~D6Z-3
;-- 7 ;:,'19t1

SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.:
Serial no.:
By:

Counter mfg.:
Serial no.:
By:

Oyo
160023
Craig Branson

Hewlett-Packard
2626A09881
SCE #S1-01252

3403
7/17/2009
7/17/2010

5335A
1/29/2009
7/29/2009

Hewlett-Packard
2652A25647
SCE #S1-01347

Signal generator mfg.:
Serial no.:
By:

SYSTEM SETTINGS:
Gain:
Filter
Range:
Delay:
Stack (1 std)
System date =correct date and time

8
10KHz
See sample period in table below
o

7/17/2009

3325A
5/4/2009
11/4/2009

/orO(

PROCEDURE:
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as
.sps file. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*100)% As found -0, (I/' As left
_0 r \"(

Target Actual Sample File Time for Average Time for Average Time for Average
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 9 cycles Frequency

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr (Hz) V (msec) V (Hz)
50.00 50.00 200 401 t gooo i"0,00 18 0 ,0 0 )O,OD I 'itD. 00 5'0 0 0

100.0 100.0 100 402 qOoo /00.0 <:tc>,oo /00.0 'to. DO 1190.0

200.0 200.0 50 403 'iti.oo 2..0b, D 45,00 z.oo.o '-I'S.oe> l-ct:>.o
500.0 500.0 20 404 1'8.00 ':)oO.D / ~.OO 5"oO.D t e.e» 5)0°.0
1000 1000 10 405 q.ooo /ODO q.ooo 1000 9.°10 qqx q
2000 2000 5 406 4.?00 2..000 '-/.5"00 z....ot!>o Lf.lioO 2.J!:JDO

Calibrated by: Craig Branson
Name

7/17/2009
Date Signature

Witnessed by: Robert Steller 7/17/2009
Name Date

Suspension PS Seismic Recorder/Logger Calibration Data Form

CAd---
Signature

Rev 2.0 July 21 , 2008
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EDISON i.sr
'\ SUUT/iI'Ii,'! C·\I.If'OliNJA I:/)/SO,\"·' COrllpnll)'

Calibration Report

t-roject Number Ub-1Zj

Page 1 of 4

I111111 IlmiliU uM~11111J11111111I1
573795

Metrology
7:100 Fenwick Lane
Westminster, CA 92683
roll Free: 866-7:23-2257

GEOVision Geophysical Services
1124 Olympic Drive

Corona, CA 92881-3390

Lab Code: 105014-0

Manufacturer:
Model Number:
Description:
Asset Number:
Serial Number:
Cal. Procedure:
PO Number:

ayo
3403
Unit, Suspension Telemetry

160024
160024
Customer

9200-090716-01

Ambient Temnerature:
Ambient Humidity:
Condition As Found:
Condition As Left:
Calibration Date:
Calibration Due Date:
Calibration Interval:

23° C

56% RH
In Tolerance

In Tolerance - No Adjustment

07/17/2009

0711712010
12 Months

Remarks:
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SCE Document M013987. The data can be found on pages 2 and 3 of this report with the original observation data on page 4.

01/29/2009 07/29/2009Counter, Universal

Standards Utilized
~

5335A OPT 010,203040Hewlett PackardS1-01252

S1-01347 Hewlett Packard 3325A Generator, Function, Synthesizer 05/04/2009 11/04/2009

S1-03686 Fluke 910 Standard, Frequency, Controlled, Gps 01/24/2009 01/24/2010

Phone

714-895-0714
Tille

B_ra_n_so_n_,_C_ra_ig_~_~ M...".etroIOgjst
Nnme

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014-0, and in compliance with ISO/IEC 17025:2005, ANSIINCSL Z540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided,
the uncerta~~dti1ted i~the ex~anded uncertainty of the measurement, where k=2.

rsron eport 375-01 rev a Page 69 of 72 November 11, 2009



Earth Mechanics Inc.

Test No. 573795
Asset No 160024

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

Project Number 06-123

Page 2 of 4

NOMINAL Out CALIBRATIONSTEP FUNCTION
AS FOUND AS LEFT of

NUM TESTED VALUE Tol TOLERANCE
.--

CHHN 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave

Same
99.0 to 101.0 Hz

I 100.0 Hz 100.0
[EMU 0.000500]

----------

Same
198.0 to 202.0 HzI 200.0 Hz 200.2
[EMU 0.001000]

'-~-- .-

Same
495.0 to 505.0 HzI 500.0 Hz 500.0
[EMU 0.002500]

Same
990 to 1010 HzI 1000 Hz 1000

[EMU 0.005000]
----_._-

Same
1980 to 2020 HzI 2000 Hz 2000
[EMU 0.010000]

_.-,....-- .. - .-
CHHR 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same

[EMU 0.000250]Sine Wave
.-

Same
99.0 to 101.0 HzI 100.0 Hz 100.0
[EMU 0.000500]

---_._.~-

Same
198.0 to 202.0 Hz

I 200.0 Hz 200.0
[EMU 0.001000]

-----

Same
495.0 to 505.0 HzI 500.0 Hz 500.0
[EMU 0.002500]

-_._-

1001 Same
990 to 1010 HzI 1000 Hz

[EMU 0.005000]
----I-----

Same
1980 to 2020 HzI 2000Hz 2000
[EMU 0.010000].. --._-_.

CHV 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same [EMU 0.000250]Sine Wave
-----

Same
99.0 to 101.0 HzI 100.0 Hz 100.0 [EMU 0.000500]

._--------

Same
198.0 to 202.0 HzI 200.0 Hz 200.0 [EMU 0,001000]

_...-

Same
495.0 to 505.0 Hz

I 500.0 Hz 500.0
[EMU 0.002500]

--
Remarks:

Mut/Ca!sCPM: Version2.2.2 (ProfessiOJllIl)

Src DU/; {9548AF3D-C74D-4C9F-AEEF-2/EF560BC45/} (c)

Doc DU/; {/169COBl-3A J3-4/6A-8/BF-409D9887DDDA} {oj

GEOVision Report 9375-01 rev a

ATTACHMENT 2
Page 1 of2

Page 70 of 72

Customer

November 11, 2009



cann IVleCnaIJl(;S IIlC_ r-roject nurnoer Ub--r L.:l

Page 3 of4

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

Test No. 573795
Asset No. 160024

. '~."

STEP FUNCTION NOMINAL Out CALIBRATION
AS FOUND AS LEFT of

NUM TESTED VALUE Tol TOLERANCE
-- .- -.-

CHV 990 to 1010 HzFrequency 1000 Hz 1000 Same
Sine Wave {EMU 0.005000]

f-- - --

I 2000 Hz 2000 Same
1980 to 2020 Hz
{EMU 0.010000]

.0.-

- ---

-----

-- --- --

f-------'----1----------- --- -

--- -- -_.._--_.-----

1--

----.-

- ----

---

C-------___ ---------

--- ---

f------------ ------------ --- ------- ....-
Remarks:

MIU/CnIS CPU: VerSi01J 2.2.2 (Profe.rsiollul)

Sre DW: (9548t1FJD-C74D-qC9F-tlEEF-2JEF560BC45J) (c)

Doc DUJ: (l269COBJ-JtI J3-416t1-8JBF-409D9887DDDA) (0)

ATTACHMENT 2
Page 2 of 2

Customer

GEOVision Report 9375-01 rev a Page 71 of 72 November 11, 2009



/ t, d60JEl!)IU~~(C/6-i::-'=( 2i!i

@ ~ 5731Q'S
G
geophY8ical. seroieee

earth lVIechanlcs Inc.

SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.:
Serial no.:
By:

Counter mfg.:
Serial no.:
By:

Oyo
160024
Craig Branson

Hewlett-Packard
2626A09881
SCE #S1-01252

3403
7/17/2009
7/17/2010

5335A
1/29/2009
7/29/2009

Hewlett-Packard
2652A25647
SCE #S1-01347

Signal generator mfg.:
Serial no.:
By:

SYSTEM SETTINGS:
Gain:
Filter
Range:
Delay:
Stack (1 std)
System date = correct date and time

8
10KHz
See sample period in table below
o
1
7/17/2009

3325A
5/4/2009
11/4/2009

PROCEDURE:
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as
.sps file. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*100)% As found o. /0 'I. As left o (o/.

Target Actual Sample File Time for Average Time for Average Time for Average
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 9 cycles Frequency

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr (Hz) V (msec) V (Hz)
50.00 50.00 200 501 I~O t>D '0.00 /3°,00 ')0,00 I 'i/o. ae» 5"0,00

100.0 100.0 100 502 90, Of> IOD.o q e, 00 /0 0 , 0 9O.of:) 1°0.0
200.0 200.0 50 503 '1 '1, q 5' Z. 00. 'L ~5'.Ob z..~c>, 0 45".00 Zt>o.D

500.0 500.0 20 504 t '2{ .00 5'00.0 ( '?I,OO ;'=.0 J '8, D 0 '00.0

1000 1000 10 505 Cf,O()() (000 9.90::;0 r o o ! q.ooo /000

2000 2000 5 506 '1, :;~O 2..000 4.;;0 0 2..000 4,5'00 ZODO

Witnessed by: Robert Steller 7/17/2009
Name Date

Calibrated by: Craig Branson
Name

7/17/2009
Date ~Signature

\4~
Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 July 21 , 2008

GEOVision Report 9375-01 rev a Page 72 of 72 November 11, 2009



APPENDIXD.

LABORATORY SOIL TEST RESULTS



I~ AP Engineering & Testing, Inc.

MOISTURE AND DENSITY TEST RESULTS

Client Name: Earth Mechanics, Inc. Laboratory No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Oate: 12/01/09

Project Number: 06-123-03

Boring Sample Sample Moisture Dry Density
No. No. Depth (ft.) Content (%) (pef)

R-09-009 0-01 5 24.5 94.3

R-09-009 8-03 15 24.7 NA

R-09-009 0-07 35 52.9 72.3

R-09-009 8-10 50 52.6 NA

R-09-009 0-11 55 28.6 92.9

R-09-009 0-13 65 32.0 89.6

R-09-009 8-14 70 29.2 NA

R-09-009 8-16 80 26.6 NA

R-09-009 8-19 110 12.0 NA

R-09-009 8-22 140 9.6 NA



AP Engineering & Testing, Inc.

POCKET PENETROMETER DATA

Client Name:

Project Name:

Project Number:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

Laboratory No.:

Date:

29-1121

11/20/09

Boring
No.

R-09-009

R-09-009

Sample
No.

U-09

0-13

Depth
(feet)

45

65

Pocket
Penetrometer (tst)

1.38

2.86



~ AP Engineering & Testing, Inc.

PERCENT PASSING NO. 200 SIEVE

Client Name: Earth Mechanics, Inc. Laboratory No.: 29-1121
Project Name: ACTA Heim Bridge Replacement Date: 12/04/09
Project Number: 06-123-03

Boring Sample Sample Percent Fines
No. No. Depth (ft) (%)

R-09-009 8-02 10 5.44
R-09-009 8-04 20 3.42
R-09-009 8-06 30 67.93
R-09-009 8-07 35 99.15
R-09-009 0-11 55 63.85

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:

Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE COARSE I MEDIUM I FINE

I I I
SIEVE OPENING SIEVE NUMBER HYDROMETER

3" 2"111," 1"%" 11,"%" #4 #8#10#16 #30 #50 #100 #200
~

~tii~I ......... i'...
1

f\
. ~

~
\1

\
~ ~ II

I

~ ,~

.~ ~,

I I I
~\ "E~

......'I E
I

I
~~~

I I I

....

100

90

80

l-
I
C) 70
W
S
>- 60rn
C)
Z
Cf) 50Cf)

«
0..
I-
Z 40w
0
0:::
W 300..

20

10

o
100 10 0.1

PARTICLE SIZE (mm)

0.01 0.001

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type
No. Depth

Gravel Sand Fines
LL:PL:PI ASTM

(feet) D 2487

0 R-09-009 U-09 45 0.77 14.53 84.70 31:22:9 CL

D R-09-009 S-10 50 0.00 3.55 96.45 49:27:22 CL

6. R-09-009 D-13 65 0.14 10.96 88.90 NIP ML



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:
Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement
06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE

I
SIEVE OPENING

COARSEI MEDIUM FINE

I I
SIEVE NUMBER HYDROMETER

3" 2"1%" 1"%" W'%" #4 #8#10#16 #30 #50 #100 #200

\,
\

90 +t++t-+-+-t--Jt-,--!+-I-H_+_t-+--I---++H--J-+-I--'-\'--+----H+++-t_+_t_-I---t+t-H_t_�_+-�____�

10 +rr++-t_+-j---1---H--/-H-f---I_+--t--+tH++-I-+-+--~•.H-t__+--j-_j__-__I+I_H-+---iI_+-I____I

20 -H+++-t-+_t_--1---H--/-H_t_+-+__I--+tH++-j-'-N~-fttt-f--t__+-j--f--__I++++-+---iI_+-I____I

80 +t++t-+-+-t---1--""''\-'fi'~_+_t-+--I---+++t-J-+_t_++-+----H+++-t_+_t_-I---t+t-H_t_I_+-I____I

f-
I
C) 70 +t++t-t_+-t---1---!+l~_+_t-~-N::!=-----++H--J-+_I_+-1H---H+-H-t_+_t_-j---t+t-H_I_I_+-I____I
m
S
~ 60 +t++t-+-+-t---1---H-I-H-4-t-+__I--lln++H--J-+-f---t--\---H+++-t_+_t_-I---HH-t_l_I_+-I____I
C)
z
~ 50 +H+t-t-+_t_--1---H--/-H_+_+-+'\A-t--+\++++_I_t-+\--+tt-H--t_+_t_-I---rrt-H_I_I_+-I____I
<:(
D...
f-
Z 40 +t+++-t-+_t_-j---H--H-f_t_+-+__I---"~-~h±:+_I_+---j---,1~+tt-H-t__+-j--I----j++++-+---iI_+-I____I
w
o
0::

if 30 -H+++-+-+-l--I---H+-H--1-J--+-I--J--H-i''otH--''l--I--+---\-+H--H-.f--+--I---I---H-+-H-f---I--+-t-------I

0.0010.010.1

PARTICLE SIZE (mm)

10

o +H-I-I-+-+-+---+--t+++-I-I--f---+--II-----++H-++---+-+---f----+tt-H-----i-+-+---+---H-+-H--1-f--f-+_---I

100

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type
No. Depth

Gravel Sand Fines
LL:PL:PI ASTM

(feet) D 2487

0 R-09-009 S-16 80 0.00 85.64 14.36 N/A SM

D R-09-009 S-19 110 23.28 66.13 10.59 N/A SW-SM

c: R-09-009 S-22 140 39.61 50.88 9.51 N/A SW-SM



AP Engineering &; Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03...::...:--.:..:::..:-...:...:.._-------

Tested By: WJO-----
Checked By: ..:-A::.:..P _

Date: 01/05/10
Date: 01/07/10

1/
v

./

y /'
CL

AI'
/

V MH orct
....(~ I I

I .M I

I I

80

60

50

~ 40
><w
Cl
z
;:: 30
I-
C3
i=
~ 20
...J
a.

10

o
o 10 20 30 40 50 60

LIQUID LIMIT (LL)

70 90 100

I... ..... -.
I

I

PROCEDURE USED

D Wet Preparation

o Dry Preparation

o Procedure A

Multipoint Test

D Procedure B

One-point Test

30

~ 25

1:
CD

1:
0 20o
l!!
:::s.....
l/l
'0

152:

10
10 25

Number of Blows
100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

• R-09-009 S-06 30 24 20 4 CL-ML



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03

~--'-'-"""-"-,,;......:.---------

Tested By: WJO-----
Checked By: -,--A:.:-P _

Date: 12/01/09
Date: 12/12/09

60 ,----..,..----,----,----,-----.----..,..-----,------,---,...-------,

50 -I---t---+----t----j----I----t-----j----j------:......-r------j

CL-MLI

8010 20

PROCEDURE USED

D Wet Preparation

o Dry Preparation

o Procedure A

Multipoint Test

D Procedure B

One-point Test

30 40 50 60

LIQUID LIMIT (LL)

60

55

:::<:Q 50...
c:
.s 45 ~c:
0
o
l!! 40 ~
::s
Ui

35 ~'0
:lE

30 -

25 ~,

10

70

25

Number of Blows

90

100

100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

• R-09-009 0-07 35 56 25 31 CH

.... R-09-009 U-09 45 31 22 9 CL

* NP denotes "non-plastic"



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03

...:...:---'---'-..::....:-_-------

Tested By: WJO-----
Checked By: ..:..A.:..:..P _

Date: 12/01/09
Date: 12/12/09

60 ,---,---,---,-----;----.----;-------,---,----,------.,

50 -t-----j----+----f-----j----I----+---J----+--,/-f----I

0:::x 40 -1---+----1----I----+---I----+---+-~-1----+---1
w
Cl
z
>- 30 -/---+----+---+----I----I---~'---+--__f---f---__J
I-
13
i=
~ 20 -t----+---+----j----j----;;;''''''I----+---+---+---f----I
-I
a.

10 -t-----j----+----j--;;/'---j----I----+---+---+---f----I

CL·MLI

I

10 20

PROCEDURE USED

D Wet Preparation

[15] Dry Preparation

[15] Procedure A

Multipoint Test

D Procedure B

One-point Test

30 40 50 60 70 80 90 100

LIQUID LIMIT (LL)

65

C 60 -
.... I----
c::s
c::
0 55 -o
2!
:::l

1ii
'0 50 - ..
2: .......

v

45 ,

10 25 100
Number of Blows

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

R-09-009 S-10 50 49 27 22 CL

R-09-009 D-13 65 NP NP NP

* NP denotes "non-plastic"



AP Engineering 8< Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03

-=-=--:..:=-=-~--------

Tested By:
Checked By:

WJO
AP

Date: 01/05/10
Date: 01/07/10

/v
V

YCL

50 -I---t----i-----j----I----I----l-----+----l--~j__--I

60 ,---,---..,----,---,----,-----,---,---,---,------,

ii:X40 -1----1----+----1----1----1----+----+----::'---1---1----;
W
Cl
Z
;: 30 ~---_I__--_I_--_!_--_f_---+--___6;P!"__-__!---4----+__-____l
l-
e::;
i=
~ 20 -I---t----i-----j----I---"""oq----l-----+----l---t----I
....I
a.

MH orOH

Cl-ML I MLorO

10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 90 100

10025

Number of Blows

1-----i__-j-r-...-"'±---t---I-+-+-+-t--1
25 -1-------1--1----"''----+--1---+-+--+-+-1

20 -f-,-----+--I--I--_I_--!--I---t--t-+---1

10

35 -1-------1--1--+---+--1---+-+--+-+-1

30 ~-----'l"'--__!--I-_+_-_+_-i___I__-I-+-+__t

PROCEDURE USED

D Wet Preparation
~0

0 ....
Dry Preparation I::

Ql

"E
0

0
o

Procedure A e
::s

Multipoint Test
....
.!!!
0
a

D Procedure B

One-point Test

Symbol Boring
Number

Sample
Number

Depth
(feet)

LL PL PI U.S.C.S
Symbol

R-09-009 0-11 55 27 22 5 ML



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03------------

Tested By: ...:.W~J=-O=--__
Checked By: __A_P _

Date: 12/01/09
Date: 12/12/09

60 .----...,-----,-----,----;----..------,---~---;__--.,_-____,

50 -I---+-----I-----+----+----I----+---j-----I---~r_____--I

CL

CL.MLI

10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 90 100

PROCEDURE USED

10025

Number of Blows

15 +.-----+---j--+---+--+---+--+--!-~

10

~ 30 -I------+--I--j---I---+--t--f--I-j--I
....
t:
Ql

E
8 25 -I-----f---I--+--f--j----l--+--+-+--I
e
::::l....
1Il

~ 20 +-----+---+--t---I--t----I----t---I--1--1

D Wet Preparation

o Dry Preparation

o Procedure A

Multipoint Test

D Procedure B
One-point Test

Symbol Boring
Number

Sample
Number

Depth
(feet)

LL PL PI U.S.C.S
Symbol

R-09-009 S-14 70 NP NP NP ML

* NP denotes "non-plastic"



.. AP Engineering & Testing, Inc.

SPECIFIC GRAVITY
ASTM 0854

AP Number: 29-1121

Client: Name: Earth Mechanics, Inc. Tested By: KM Date: 11/30/09

Project Name: ACTA Heim Bridge Replacement Data Input By: KM Date: 12/11/09

Project No. : 06-123-03 Checked By: AP Date: 12/11/09

BORING NUMBER R-09-009
SAMPLE NUMBER U-09
DEPTH (FT) 45

SOIL CLASSIFICATION
Lean Clay
with sand

METHOD (A OR B) B
FLASK NUMBER 1
wr. FLASK+WATER+SOIL, 9 387.65
TEMPERATURE,oC 20.3
CORRECTION FACTOR 0.9999
wr. DRY SOIL, 9 40.91
wr. FLASK + WATER, 9 249.36
% RETAINED #4 0.00
% PASSING #4 100.00

MATERIAL EXCLUDED None

SPECIFIC GRAVITY (G S,20' C ) I 2.68 II II II II II I

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318



.•~~
=='"' =..:-- - AP Engineering & Testing, Inc.

CORROSION TEST RESULTS

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date 11/30/09

Project No.: 06-123-03

Boring Sample Depth Soil Type Minimum pH Sulfate Content Chloride Content
No. No. (ft) Resistivity (ohm-ern) (ppm) (ppm)

R-09-009 S-02 10 SP-SM 2200 7.4 116 152

NOTES: Resistivity Test and pH: California Test Methods 532 and 643

Sulfate Content California Test Method 417

Chloride Content: California Test Method 422

ND =Not Detectable

NA =Not Sufficient Sample

NR =Not Requested

2607 Pomona Boulevard, Pomona, CA 91768
Tel. (909) 869-6316 Fax. (909)869-6318



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST DATA
ASTM D 3080

Project Name:

Boring No.:

Sample No.:

ACTA Heim Bridge Replacement

R-09-009

D-01 Depth (ft): 5

KM
AP

Date: 11/22/09

Date: 12/11/09

Description: Olive Gray Silty Sand

Sample Type: Cal. Mod.------------
Test Condition: Saturated------------

Sample Diameter (in) 2.415 Moisture Determination Before Test After Test

Sample Height (in) 1.00 Cont. Weight (g) 49.87 195.04

Total Soil+Ring Weight(g) 558.28 Wet Soil+Cont. (g) 172.46 600.12

Total Ring Weight (g) 139.33 Dry Soil+Cont. (g) 148.37 508.61

Wet Density (pcf) 116.14 Moisture Content (%) 24.5 29.2

Dry Densitv (pcf) 93.31 Degree Saturation 78.4 97.7

METHOD OF SHEARING

[8] Regular Shearing

D Residual Shearing 5 Passes

Shear Rate (in/min):

Shear Distance (in):

0.005

0.3

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks

Number Ring Wt. (ksf) Reading (psf) Reading (psf)

1

2

3

187.24

185.57

185.47

45.73

46.01

47.59

0.3

0.5

1.0

468

660

888

408

552

780



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST RESULTS
ASTM D 3080

5
0-01

Cal. Mod.

pcf
%
%

93.3
24.5
29.2

Initial Dry Density:
Moisture Content (before):
Moisture Content (after):

ACTA Heim Bridge Replacement
R-09-009

Olive Gray Silty Sand
Saturated

Project Name:
Boring No.:

Sample No.:
Depth (ft):
Sample Type:
Soil Description: ----"'----<-----
Test Condition:

1.0 ,------;----,----,----,.-------;-----,---.,.-----,

0.9 -1---I---=::;::;¥;ro:lEeSQS~~------------------I

0.8 t----td?P'~_+---t-~~~~~~~~L--_t_--1
~ 0.7 +----::o0"f-----j------+----+-----+----j-----+----------l
.lr:::-

0.1 0.2
Shear Deformation (inches)

0.3 0.4

I. Peak ()Ultimatel

1.2 -/-----;t---t---I----1I----1f------1f------1-I-i-i-i-i--f------:>.....-+--f--+--+-+-+-+-+-+-+-+-+-+-+---I--1

- l..)~-+-""'-+--+--+--+--+--+--f--f--+--I--I---j--I---l---j---j---j---j--+--+--+-+-+-+---j--I0.4 I/'~·........."A

/'" ,;"

I-I-f-+-+-+----+---+-+--I-::Allt-V-j-~~-I---II-f-+-+-+---j--+-+-+---I-f-+-+-+--+--I
.,,';1" 1....1

VI 1.-"'\.)
... I--+-f---I----I---c.±--~-f';l"-#~
~ 0.6 - /<Y' -+-+-+-+--1--+-+-+-+-+-+--+--+--+--+--+--+--1--1--1---1--+--1

en

c
VI

.lr:::

VIe 0.8 -t-t--t-f--If--f--I---J---:;;;'-I---o;r'y--j---J--+--+--+--+-+-+-J--J--J--J--+-+-+-+-j--j--J--I
....
en

~
0.2 -I-t-f--If--I---J---J---J---J---J---J-f--+--+--+-+-+-J--J--+-+--+--+-+-f--j--j--j--+-J--I

31.5 2 2.5

Normal Stress (ksf)

Peak Ultimate

250 250
33 0 29 0

0.5

o t-,-+--+--+---'--+--+--+--+--+--+--+--'--'--'--+--+--+---I---I---I--I--I--I--+--+--+--+--+--+-~

o

Strength Parameters

Cohesion (psf):
Friction Angle:



~~-~-""-- AP Engineering & Testing, Inc.

DIRECT SHEAR TEST DATA
ASTM D 3080

Project Name:

Boring No.:

Sample No.:

ACTA Heim Bridge Replacement

R-09-009

0-15 Depth (ft): 75

KM
AP

Date: 11/22/09

Date: 12/11/09

Description: Gray Poorly-Graded Sand

Sample Type: Cal. Mod.------------
Test Condition: Saturated

....:....;.;,,;;,,;,;.;..;;.;.;..;;.....:....;.--------

Sample Diameter (in) 2.415 Moisture Determination Before Test After Test

Sample Heiqht (in) 1.00 Cont. Weiqht (q) 49.48 191.28

Total Soil+Rinq Weiqht(q) 590.70 Wet Soil+Cont. (g) 206.21 623.91

Total Ring Weight (g) 130.88 Dry Soil+Cont. (g) 178.30 540.24

Wet Density (pcf) 127.47 Moisture Content (%) 21.7 24.0

Drv Densitv (pcf) 104.77 Degree Saturation 90.7 103.2

METHOD OF SHEARING

[8] Regular Shearing

D Residual Shearing 5 Passes

Shear Rate (in/min):

Shear Distance (in):

0.005

0.3

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks

Number Ring Wt. (ksf) Reading (psf) Reading (psf)

1

2

3

196.88

196.90

196.92

44.13

43.86

42.89

4.0

8.0

10.0

3180

6419

7307

2172

4536

5388



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST RESULTS
ASTM D 3080

Project Name:
Boring No.:
Sample No.:
Depth (ft):
Sample Type:
Soil Description:
Test Condition:

ACTA Heim Bridge Replacement
R-09-009
0-15
75
Cal. Mod.
Gray Poorly-Graded Sand
Saturated

Initial Dry Density:
Moisture Content (before):
Moisture Content (after):

104.8
21.7
24.0

pcf
%
%

0.40.30.2
Shear Deformation (inches)

0.1

- ~ ~Q;B - --
~

/

13313131313313[;1 -
cot<-

/

, -13~E1

- -
, §lsj - - 00,

,SF!'
- .1iI_

, GEJmmEE.~1:OlP
,

7

, 7

I--¥'-f'-
- 7

M!.bl:rA/£1:5., i:>I!.-
I:dF.

- l>..6.~
--It1J

7

,
:

,0.0

o

8.0

7.0

1.0

~ 3.0
Q)

J:
CIJ 2.0

c;::- 6.0

~
- 50Ul •
Ul
Q)

J:; 4.0
CIJ

4 6 8 10 12 14 16

Normal Stress (ksf)

Peak Ultimate

200 0
36 0 29 0

I
• Peak 0 Ultimate ~

I
I

I I
I

I I

I I I

I
I

I

I

I
I

I
I

.---Y-+. I
I

I I I I

Strength Parameters

Cohesion (psf):
Friction Angle:

o
o 2

c;::-
~ 5
Ul
Ul

~ 4
CIJ...
I'll

~ 3
CIJ

8

6

7

2
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AP Engineering & Testing, Inc.

UNCONSOLIDATED UNDRAINED TRIAXIAL TEST (UU,Q)
ASTM D 2850

Client Name: Earth Mechanics, Inc. Tested By: KK Date: 11/20109

Project Name: ACTA Heim Bridge Replacement Checked by: AP Date: 12/12/09

Project No.: 06-123-03

Boring No.: R-09-009

Sample No.: U-09 Depth (feet): 45

Soil Description Gray Lean Clay wlsand and shell fragments Sample Type: Shelby

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 118.9

Sample Hieght (inch): 6.0 Dry Unit Weight (pcf): 89.1

Sample Weight (gms): 1216.40 Moisture Content (%): 33.5

Wt. Wet Soil+Container(gms) 1327.82 Void Ratio for Gs=2.7: 0.89

Wt. Dry Soil+Container(gms) 1020.96 % Saturation: 101.4

Wt. Container (gms) 104.89

TEST DATA
Deviator Axial

Cell Pressure (ksf): 1.73 Load Def. Area Stress Strain

Back Pressure (ksf): 0.0 (Ibs) (inch) (sq. in) (ksf) (%)

Eft. Confining Pressure (ksf): 1.73 0 0.000 6.49 0.00 0.00

Shear Rate (%Imin): 0.3 12 0.005 6.50 0.27 0.08

Maximum Deviator Stress (ksf): 2.0 15 0.010 6.50 0.33 0.17

Ultimate Deviator Stress (ksf): 2.0 19 0.020 6.51 0.42 0.33

Ultimate Undrained Shear Strength (ksf): 1.0 21 0.025 6.52 0.46 0.42

Axial Strain @ Maximum Stress (%) 15.00 22 0.030 6.52 0.49 0.50

32 0.060 6.56 0.70 1.00

2.5 41 0.090 6.59 0.90 1.50

49 0.120 6.62 1.07 2.00

57 0.150 6.66 1.23 2.50

2.0· --- 61 0.200 6.72 1.31 3.33

V
r"'''''' - 71 1.51 4.170.250 6.77

77 0.300 6.83 1.62 5.00
-=- ,)in 82 0.350 6.89 1.71 5.83..>::
-; 1.5

I
86 0.400 6.96 1.78 6.67sne 88 0.450 7.02 1.81 7.50..-.en...
93 0.500 7.08 1.89 8.330..-.

.~ 1.0 .

I
94 0.550 7.15 1.89 9.17

CIl
0 97. 0.600 7.21 1.94 10.00

100 0.650 7.28 1.98 10.83

0.5 100 0.700 7.35 1.96 11.67r 103 0.750 7.42 2.00 12.50

104 0.800 7.49 2.00 13.33

105 0.850 7.56 2.00 14.17
0.0

0 5 10 15 20 107 0.900 7.64 2.02 15.00

Axial Strain (%) 106 0.950 7.71 1.9S 15.83

107 1.000 7.79 1.9S 16.67



AP Engineering & Testing, Inc.

MOISTURE AND DENSITY TEST RESULTS

Client Name: Earth Mechanics, Inc. Laboratory No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Oate: 12/01/09

Project Number: 06-123-03

Boring Sample Sample Moisture Dry Density
No. No. Depth (ft.) Content (%) (pef)

R-09-011 0-02 10 27.2 91.4

R-09-011 0-04 20 26.6 97.2

R-09-011 8-07 35 39.1 NA

R-09-011 0-08 40 35.1 87.9

R-09-011 0-10 50 39.8 78.5

R-09-011 8-11 55 38.8 NA

R-09-011 8-13 65 32.2 NA

R-09-011 8-15 75 21.8 NA

R-09-011 0-16 80 28.9 97.1

R-09-011 8-19 110 22.1 NA

R-09-011 8-23 150 18.7 NA



I~- AP Engineering & Testing, Inc.

POCKET PENETROMETER DATA

Client Name:

Project Name:

Project Number:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

Laboratory No.:

Date:

29-1121

11/20109

Boring
No.

R-09-011

R-09-011

Sample
No.

0-10

U-14

Depth
(feet)

50

70

Pocket
Penetrometer (tsf)

0.50

3.25



AP Engineering & Testing, Inc.

PERCENT PASSING NO. 200 SIEVE

Client Name:
Project Name:
Project Number:

Boring
No.

R-09-011
R-09-011
R-09-011

Earth Mechanics, Inc.
ACTA Heim Bridge Replacement
06-123-03

Sample
No.
0-02
0-04
U-06

Laboratory No.:
Date:

Sample
Depth (ft)

10
20
30

29-1121
12/04/09

Percent Fines
(%)
6.60
4.17
23.02

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:

Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE ~OARSE I MEDIUM FINE

I
SIEVE OPENING

I I
SIEVE NUMBER HYDROMETER

3" 2"1W' 1" %" %"%" #4 #8#10#16 #30 #50 #100 #200

II90 +H-+++-+__I_-+---1+++I-+-t-+--1---+++-+-H--+--l-__I_--'\-'M-++j-P~-+---I++H--I-t----I-j----I

80 +H-+t-t-t--j--I---H-+-H--j-t-+--I--++-H-I-+--l-I-+----If-H.\~\y__l___I_-~-_H_I_+++_+_+_+-___l

f
I
C) 70 +H-+++-+__I_-+---1++H-+-t-+--1---+++-+-H--+--l-__I_-+H-+t-'Il+-+--+--,,-I++H--I-t----I-j----I
W
S
fu 60 +H-+++-+-+--+---1++H-+-t-+-j--+++-+-H--+-+-+--+H-++H'td--j---I+~--I-t----I-j__--I
C)
z
~ 50 +H-+++-+-+--j---1++H-+-t-+-j--+++-+-H--+-+-+--+H-+++--+-+"tc'I.M---I++H;.-t----I-j__--I
-c
0-
f
Z 40 +H-+++--+-+--+--I++H-+-t-+-j--+++-+++-+-+-+--+H-++-+--+-+--j--"""L~..Lf-H-I--I-+--"Iir-j______j
iu
o
0:::
~ 30 +H-+t-t-t--I--f----H-+-H-i-t-+--I---f+t-+-H--f-+--+--+H-+++-+-I--f----f-T~'l,d_t---ll__+----'~

10 -H+++-+-+-I--f----H-+-H-i-i-+--I---f+t-+-H--f-+--+--+t+-I-I-+-+-I--f----H-+HH-+__I__+__---I

0.0010.010.1

PARTICLE SIZE (mm)

10

o -H++-I-J-+--j---!----!+H-+-f-I--+--f--++-+++++--I---i---++++-I-J-+-i---!---H-+-H-i-I-----4-J------j

100

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type
No. Depth

Gravel Sand Fines
LL:PL:PI ASTM

(feet) 02487

0 R-09-011 S-07 35 0.00 14.12 85.88 29:23:6 CL-ML

0 R-09-011 0-08 40 0.00 19.09 80.91 29:22:7 CL-ML

6. R-09-011 0-10 50 0.00 0.65 99.35 51:23:28 CH



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:
Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement
06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE COARSEI MEDIUM FINE

I
SIEVE OPENING

I I
SIEVE NUMBER HYDROMETER

,
#30 #50 #100 #200

-I

1\
IL~

\
\
L~,

~

\

#8#10#16
~ ~

#4..-

20 +H-+t-t-+_1_-f------J+-I-H-j-l-f---\--+-I+--J-++-+-+---+--\.-----+t++t-++-I--f----'=""'-H-+H_I_t-l-t----I

80

90 +t++t-t-+_�_-f------J+-I-H-j-l-f--I--\+H++-+-+---I-'--+t+++-++-I--f---+t+H_�_t-l-t----I

l
I
C) 70 +t++t-t-+_1_--j------J+-I-H-j-l-f---\--++H-'l-+-+-+-+---lk\t++t-t-+-I--f---+t+H_I_t-l-t----Im
S
Eo 60 +t++t-t-+_1_-f------J+-I-H-j-l-f---\--++H-H--+-+---+----Hlt1l:1+++-I--f---H-+H_I_t-l-t----I
C)
z
~ 50 +t++t-t-+_1_-f------J+-I-H-I-l-f---\--++H++-\-+---+---+t--fT-+\t-+-I--f---H-H--1_1_t-l-t----I
«
0...
IaJ 40 +t++t-t-+_1_-f------J+-I-H-j-l-f---\--+-I+--J-++-+-~-+---+t++t-t----\--I--f---+t+H_I_t-l-t----I

o
0::

g: 30 +++++-t--+----l--+-----+f-H---f--+-----!--+--f--++++++-+-+-\+---+H-++-+-+-1-"l.------t---++-f-H---l-+--I-f---1

0.0010.010.1

PARTICLE SIZE (mm)

10

0+t+++-t-+---l--+-----H-H--+---I-!--+--f--++++++-+--I--+---+t+++--t-+-I----+----t-+-f-H---l-+--I-+-----1

100

Symbol Boring No. Sample
No.

Sample
Depth
(feet)

Gravel

Percent

Sand Fines

Atterberg Limits Soil Type
LL:PL:PI ASTM

D 2487

o R-09-011 D-12 60 0.00 48.16 51.84 N/A ML

D R-09-011 U-14 70 0.00 40.02 59.98 NIP ML

,6, R-09-011 S-15 75 0.07 91.69 8.24 N/A SP-SM



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:

Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE ~OARSE I MEDIUM FINE

I
SIEVE OPENING

I I
SIEVE NUMBER HYDROMETER

l

,~

\

3" 2"1%" 1"%" 'h"%" #4 #8#10#16 #30 #50 #100 #200
I~~ ~ ~

~ ~~I L ~II~
~ ~K'

IL~\ \

20 +I++-II-I-+-I--I----+l-+++-+-I--+--f---l-+-I+++-+-+---+---'llkrV_I_I_-I-+-+--+-_H_-I--1-l--I--I---+-------I

90 +H-++-t-I--+--+--+t+-H-+-+-+~~=-f+H~\--t---+---+--+++-H-++-t---+--H++-H-+--t--+-----I

80

100

l
I
(9 70 +H-++-t-l--+--+--+t+-H-+-+-+~I----f+H-++--ftl--j\---+--+++-H-++-t---+--H++-H-+--t--+----I
ill
S
6:i 60 +I-+-I-I--I-+-+--+--H-+H-I-+-+------!I----f+H-+t-l--fH--+--+++++++-I----!---H-I-I-H--I--+---I----I

(9
Z

~ 50 +I+-I-I-I-+-I--I----+l-+++-1-I--+--f---l-+-I+++-+-+-111--+l-+_I_I_+-I--+--+-_H_-I--1--1---I--4I----I-------I
«
0-
I
Z 40 +I++-I-t-I--I--I----+l-+++-+-I--+--f---l-+-I+++-+-+---l~-+l-+_I_I_+-+-+--+-_H_-I--1--1---I--4I----I-------I
W
U
0:::
ii: 30 +I++-II-I-+-I--I----+l-+++-+-I--I---f---l-+-I+++-+-+---l--lIl1.-+l-+_I_I_-I-+-+--+-_H_-I-I-'-I--I--I----I-------I

10 +H-+-II-t-I--I--I----+l-+++-+-I--+--I---l-+-I+++-+-+---+--+l-+-I-I--I-+-+--+-_H_-I--1-l--I--I---+__-----I

0.0010.010.1

PARTICLE SIZE (mm)

10

o -H,-l--I--+-+-+--ll---I----I-I-I-I-I-f-+---I---I--+H-I-++-+-+-+---!--l--I---I-I--I--I---I---++I-H---I--I--+---I----j

100

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type
No. Depth

Gravel Sand Fines
LL:PL:PI ASTM

(feet) 02487

0 R-09-011 S-17 90 0.00 85.42 14.58 N/A SM

0 R-09-011 S-19 110 0.00 84.84 15.16 N/A SM

D,. R-09-011 S-23 150 7.02 75.27 17.71 N/A SM



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM 04318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03------------

Tested By: ~D~K _
Checked By: _A_P _

Date: 11/24/09
Date: 12/12/09

V
/

V
cli y V

~
'/

~,/ MH orC H

~~I Cl-Mll .;""'II'

I I

80

60

50

a::
~ 40
><w
o
z
;: 30
l-e:;
i=
~ 20
...J
Q.

10

o
o 10 20 30 40 50 60

lIQUID LIMIT (ll)

70 90 100

25
10

PROCEDURE USED

D Wet Preparation

o Dry Preparation

o Procedure A

Multipoint Test

D Procedure B

One-point Test

45

~ 40...
c:
.&
c:
0 35o
e
:s
]!
0 30:2;

I

I

.....
......

.Ifi:>-. .... :::.- I

25

Number of Blows
100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

• R-09-011 S-07 35 29 23 6 CL-ML

A R-09-011 0-08 40 29 22 7 CL-ML

* NP denotes "non-plastic"
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AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03

-----'--........;.-----'---------

Tested By: _D_K _
Checked By: -,-A.:.:-P _

Date: 11/24/09
Date: 12/12/09

60 -,...---..,..----,----,-----:-----..-----..,.--,.....-,.....---.,..----..,.---..,

MH ore H

/v
V

YCl

50 -t----+----+----j----f----I----+----I---I----7""i----1

~ 40 .j---+----j----+----+----I----+----II--~'--+----+---I
><w
o
z
;:: 30 -I---+----t----I----f----I-------b~---+---I__--+_--I
l-
e:;
i=
~ 20 -I---+----t----I----f-----.."""I----+----+---I__--+_--I
....I
a.

~l orOl

I
CL.MLI

I

10 +----+----+----f--:7""'---I----I----I---I----+---+----1

10 20 30 40 50 60

LIQUID LIMIT (ll)

70 80 90 100

PROCEDURE USED

D Wet Preparation

o Dry Preparation

o Procedure A

MUltipoint Test

D Procedure B

One-point Test

55

50

~
1: 45 -
CIl

1:
0 400
CIl..
:::I.... 35III
'0
a

30 -

25

10 25

Number of Blows
100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

+ R-09-011 0-10 50 51 23 28 CH

A R-09-011 S-11 55 31 26 5 ML

* NP denotes "non-plastic"



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: -=0-=6_-1.:.,::2:..::3....;-0::..:3=-- _

Tested By: _D_K _
Checked By: _A_P _

Date: 11/24/09
Date: 12/12/09

Cl

50 ;------j----j----+-----I----I-----+---I----t----AI"'9---1

60 -r----,-----,....-----;----;---.....,..-----;-----;-----;---;---~

ii:X 40 -1----+----t----1----I----I----+-----+----c~___I---t__---I
W
Cl
Z

~ 30 -f---t----j----I----+-----I----:J..~--t----j---j__-__J

C3
i=
~ 20 -1---t----j----I----+-----AtJ'£t----j----l-----j---j__--1
..J
a.

Cl-Mll MlorOl

10 20 30 40 50 60

LIQUID LIMIT (ll)

70 80 90 100

PROCEDURE USED
35 -r-----.---+---.--,---;----;---;--;---;--,

I------\--I--+---t---j---I---I--I----

10025

Number of Blows

15 -l-,-----+--+--+---1--+---+--+--+-+--l
10

~ 30 -I-------\--I--+--+--j---I--+--I--t-I

'E
Ql

'E
8 25 -1-----+----1---\-___11---+----+--+---+--1--1
Ql

:;....
.!!l
~ 20 -I------\--j--+---t---j---I--+--I--t-I

o Dry Preparation

o Procedure A

Multipoint Test

D Procedure B

One-point Test

D Wet Preparation

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

R-09-011 S-13 65 NP NP NP

R-09-011 U-14 70 NP NP NP

* NP denotes "non-plastic"
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- - AP Engineering & Testing, Inc.

CORROSION TEST RESULTS

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date 11/30109

Project No.: 06-123-03

Boring Sample Depth Soil Type Minimum pH Sulfate Content Chloride Content
No. No. (ft) Resistivitv (ohm-em) (ppm) (ppm)

R-09-011 S-03 15 SP-SM 200 7.5 514 568

NOTES: Resistivity Test and pH: California Test Methods 532 and 643

Sulfate Content California Test Method 417

Chloride Content: California Test Method 422

NO =Not Detectable

NA =Not Sufficient Sample

NR =Not Requested

2607 Pomona Boulevard, Pomona, CA 91768
Tel. (909) 869-6316 Fax. (909)869-6318
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SPECIFIC GRAVITY
ASTM 0854

AP Number: 29-1121

Client: Name: Earth Mechanics, Inc. Tested By: KM Date: 11/24/09

Project Name: ACTA Heim Bridge Replacement Data Input By: KM Date: 12/11/09

Project No. : 06-123-03 Checked By: AP Date: 12/11/09

BORING NUMBER R-09-011
SAMPLE NUMBER U-14

DEPTH (FT) 70

SOIL CLASSIFICATION Sandy Silt

METHOD (A OR B) B
FLASK NUMBER 2

WT. FLASK+WATER+SOIL, 9 368.25
TEMPERATURE, °C 19.8
CORRECTION FACTOR 1.0000
WT. DRY SOIL, 9 46.78

WT. FLASK + WATER, 9 249.30

% RETAINED #4 0.00

% PASSING #4 100.00

MATERIAL EXCLUDED None

SPECIFIC GRAVITY (GS,20' C ) I 2.69 II II 1/

"
II I

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318
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VERTICAL STRESS (ksf)
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-o-At Field Moisture _After Saturation

Boring No. : R-09-011 Initial Dry Unit Weight (pet): 77.3--
Sample No.: D-10 Initial Moisture Content (%): 39.8

Depth (feet): 50 Final Moisture Content (%): 39.1--
Sample Type: Mod. Cal. Assumed Specific Gravity: 2.7--
Soil Description: Fat Clay Initial Void Ratio: 1.18--
Remarks:

CONSOLIDATION CURVE
ASTM D 2435

Project Name:

Project No.:

Date:

AP No:

ACTA Heim Bridge Replacement

06-123-03
11/17/2009
29-1121
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Boring No. : R-09-011 Sample Type: Mod. Cal.
Sample No.: 0-10 Soil Description: Fat Clay
Depth (feet): 50 Vertical Pressure (ksf): 1

Test Condition: Saturated

Time (minutes) Dial Reading (inches)
0.1 0.3666
0.25 0.3664
0.5 0.3661
1 0.3659
2 0.3655
4 0.365
8 0.3645
15 0.3641
30 0.3637
60 0.3634
120 0.3632
240 0.3629
480 0.3627
1440 0.3625

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/17/09
APNo: 29-1121 Figure No:
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Boring No. : R-09-011 Sample Type: Mod. Cal.
Sample No.: 0-10 Soil Description: Fat Clay
Depth (feet): 50 Vertical Pressure (ksf): 1

Test Condition: Saturated

SQRT Time (minutes) Dial Reading (inches)
0.3162 0.3666
0.5000 0.3664
0.7071 0.3661
1.0000 0.3659
1.4142 0.3655
2.0000 0.3650
2.8284 0.3645
3.8730 0.3641
5.4772 0.3637
7.7460 0.3634
10.9545 0.3632
15.4919 0.3629
21.9089 0.3627
37.9473 0.3625

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/17/09
AP No: 29-1121 Figure No:
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Boring No. : R-09-011 Sample Type: Mod. Cal.
Sample No.: 0-10 Soil Description: Fat Clay
Depth (feet): 50 Vertical Pressure (ksf): 4

Test Condition: Saturated

Time (minutes) Dial Reading (inches)
0.1 0.3476

0.25 0.3469
0.5 0.3458
1 0.3445
2 0.3432
4 0.3406
8 0.3378

15 0.3344
30 0.3309
60 0.328
120 0.3254
240 0.3235
480 0.3222
1440 0.3211

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/17/09
AP No: 29-1121 Figure No:
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Boring No. : R-09-011 Sample Type: Mod. Cal.
Sample No.: 0-10 Soil Description: Fat Clay
Depth (feet): 50 Vertical Pressure (ksf): 4

Test Condition: Saturated

SORT Time (minutes) Dial Reading (inches)
0.3162 0.3476
0.5000 0.3469
0.7071 0.3458
1.0000 0.3445
1.4142 0.3432
2.0000 0.3406
2.8284 0.3378
3.8730 0.3344
5.4772 0.3309
7.7460 0.3280
10.9545 0.3254
15.4919 0.3235
21.9089 0.3222
37.9473 0.3211

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/17/09
APNo: 29-1121 Figure No:



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST DATA
ASTM D 3080

Project Name: ACTA Heim Bridge Replacement Tested By

Boring No.: R-09-011 Checked By------------
Sample No.: 0-02 Depth (ft): 10

Description: Gray Poorly-Graded Sand w/ silt

Sample Type: Cal. Mod.------------
Test Condition: Saturated------------

KM
AP

Date: 12/01/09

Date: 12/11/09

Sample Diameter (in) 2.415 Moisture Determination Before Test After Test

Sample Height (in) 1.00 Cant. Weiqht (q) 194.13 104.46

Total Soil+Rinq Weiqht(q) 554.38 Wet Soil+Cont. (q) 478.24 511.68

Total Ring Weight (g) 126.64 Dry Soil+Cont. (g) 417.54 416.03

Wet Density (pet) 118.57 Moisture Content (%) 27.2 30.7

Dry Densitv (pet) 93.24 Degree Saturation 87.0 100.3

METHOD OF SHEARING

II] Regular Shearing

D Residual Shearing 5 Passes

Shear Rate (in/min):

Shear Distance (in):

0.005

0.3

Sample Sample+ Ring Wt. Normal Load Max. Shear UltimateShear Remarks

Number Ring Wt. (ksf) Reading (psf) Reading (psf)

1

2

3

187.49

184.75

182.14

42.13

42.70

41.81

0.5

1.0

2.0

612

1464

2232

360

696

1536



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST RESULTS
ASTM D 3080

Project Name:
Boring No.:
Sample No.:
Depth (ft):
Sample Type:
Soil Description:
Test Condition:

ACTA Heim Bridge Replacement
R-09-011
0-02
10
Cal. Mod.
Gray Poorly-Graded Sand wi silt
Saturated

Initial Dry Density:
Moisture Content (before):
Moisture Content (after):

93.2
27.2
30.7

pcf
%
%

2.5 -.------,..-------.,----..,..---......,..------,..-----,-----..,...------,

2.0
co::-
III.:.::- 1.5III
III
Ql.....en.. 1.0Ctl
Ql
J:
en

0.5

0.40.30.2
Shear Deformation (inches)

0.1

0.0 Wo----!...------+-----..!..----+-----L-----+----..L.------J

o

2 ··l-+-+-t--+-t-+-+-t-l-t-+-H'-f-+-t--V'f-+-+-t-l-+-+-H'-f-+-t--+-f-+-+-t--+-+-+--+-f-+-++-+-+-++-I--j---j-I

I......

co::-
~

1.5 +-+---I------i-J--+-I---I-t--+ilIirt-hpf--j-----I------i-J---I---+-Y--t--+--+--+-+--+-+---I------i-J---I---+--I-H--+--t-+--+-+-+-I--+--H-+--,-+-H
Ul
Ul
Ql..-en..
Ctl
Ql

.r::
en

/'
1/0.5 -I-+-+-I----F-J---f:..-H-+--+-+--HI--+-+-I---I-H---+--+-+--+-+---I------il--+-+-I--I---H--H-+---H--+-I--+-+-+-+--H----I------i-+-+-I

I,) 1)

I,)

1.5 2 2.5 3 3.5 4 4.5 5

Normal Stress (ksf)

Peak Ultimate

50 0
48 0 37 0

0-jA--H'-f-+-+-+-+-+-++-+-+-+-H-f-+-+-+-+-+-++-i-+-+-H'-f-+-+-+-+-+-+-+-+-+-+--+-f-+-+-+-+-+-+--+--i

o 0.5

Strength Parameters

Cohesion (psf):
Friction Angle:



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST DATA
ASTM D 3080

Project Name: ACTA Heim Bridge Replacement Tested By

Boring No.: R-09-011 Checked By

Sample No.: 0-12 Depth (ft): 60

Description: Gray Sandy Silt

Sample Type: ...,:C:...;:a,;.;.;I.....;.M,;.;.;o:....:d:..:.... _

Test Condition: Saturated------------

KM
AP

Date: 12/01/09

Date: 12/11/09

Sample Diameter (in) 2.415 Moisture Determination Before Test After Test

Sample Height (in) 1.00 Cont. Weight (g) 198.19 104.12

Total Soil+Ring Weight(g) 586.40 Wet Soil+Cont. (g) 480.64 542.99

Total Ring Weight (g) 131.26 Dry Soil+Cont. (g) 416.01 448.93

Wet Density (pcf) 126.17 Moisture Content (%) 29.7 27.3

Dry Density (ocf) 97.30 Decree Saturation 104.3 100.6

METHOD OF SHEARING

o Regular Shearing

D Residual Shearing 5 Passes

Shear Rate (in/min):

Shear Distance (in):

0.005

0.3

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks

Number Ring Wt. (ksf) Reading (psf) Reading (psf)

1

2

3

197.56

196.67

192.17

43.02

44.97

43.27

3.0

6.0

9.0

2487

4596

6359

2003

4104

5879



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST RESULTS
ASTM D 3080

Project Name:
Boring No.:
Sample No.:
Depth (ft):
Sample Type:
Soil Description:
Test Condition:

ACTA Heim Bridge Replacement
R-09-011
0-12
60
Cal. Mod.
Gray Sandy Silt
Saturated

Initial Dry Density:
Moisture Content (before):
Moisture Content (after):

97.3
29.7
27.3

pet
%
%

Strength Parameters

Cohesion (psf):
Friction Angle:

0.4

- -

• Peak 0 Ultimate

0.30.2
Shear Deformation (inches)

4 6 8 10 12 14 16

Normal Stress (ksf)

Peak Ultimate

550 50
33 0 33 0

0.1

I I

8.0

7.0

c- 6.0
00
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00
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VERTICAL STRESS (ksf)
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-0-At Field Moisture _After Saturation

Boring No. : R-09-011 Initial Dry Unit Weight (pet): 104.2

Sample No.: U-14 Initial Moisture Content (%): 22.0

Depth (feet): 70 Final Moisture Content (%): 20.4

Sample Type: Shelby Assumed Specific Gravity: 2.7

Soil Description: Sandy Silt Initial Void Ratio: 0.62

Remarks:

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03
ASTM D 2435 Date: 11/17/2009

AP No: 29-1121
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Boring No. : R-09-011 Sample Type: Shelby

Sample No.: U-14 Soil Description: Sandy Silt

Depth (feet): 70 Vertical Pressure (ksf): 1

Test Condition: Saturated

Time (minutes) Dial Reading (inches)
0.1 0.3868
0.25 0.3867
0.5 0.3866
1 0.3866
2 0.3865
4 0.3865
8 0.3864

15 0.3863
30 0.3863
60 0.3863
120 0.3862
240 0.386
480 0.3858
1440 0.3856

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/17/09
AP No: 29-1121 Figure No:
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Boring No. : R-09-011 Sample Type: Shelby

Sample No.: U-14 Soil Description: Sandy Silt

Depth (feet): 70 Vertical Pressure (ksf): 1

Test Condition: Saturated

SORT Time (minutes) Dial Reading (inches)
0.3162 0.3868
0.5000 0.3867
0.7071 0.3866
1.0000 0.3866
1.4142 0.3865
2.0000 0.3865
2.8284 0.3864
3.8730 0.3863
5.4772 0.3863
7.7460 0.3863
10.9545 0.3862
15.4919 0.3860
21.9089 0.3858
37.9473 0.3856

Project Name:ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/17/09
APNo: 29-1121 Figure No:
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Boring No. : R-09-011 Sample Type: Shelby

Sample No.: U-14 Soil Description: Sandy Silt

Depth (feet): 70 Vertical Pressure (ksf): 4

Test Condition: Saturated

Time (minutes) Dial Reading (inches)
0.1 0.3782
0.25 0.3778
0.5 0.3775
1 0.377
2 0.3766
4 0.3763
8 0.376
15 0.3758
30 0.3755
60 0.3751
120 0.3748
240 0.3746
480 0.3744
1440 0.3742

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/17/09
APNo: 29-1121 Figure No:
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Boring No. : R-09-011 Sample Type: Shelby

Sample No.: U-14 Soil Description: Sandy Silt

Depth (feet): 70 Vertical Pressure (ksf): 4

Test Condition: Saturated

SQRT Time (minutes) Dial Reading (inches)
0.3162 0.3782
0.5000 0.3778
0.7071 0.3775
1.0000 0.3770
1.4142 0.3766
2.0000 0.3763
2.8284 0.3760
3.8730 0.3758
5.4772 0.3755
7.7460 0.3751
10.9545 0.3748
15.4919 0.3746
21.9089 0.3744
37.9473 0.3742

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/17/09
APNo: 29-1121 Figure No:
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AP Engineering & Testing. Inc.

UNCONSOLIDATED UNDRAINED TRIAXIAL TEST (UU,Q)
ASTM D 2850

Client Name: Earth Mechanics, Inc. Tested By: KK Date: 11/18/09

Project Name: ACTA Heim Bridge Replacement Checked by: AP Date: 12/12/09

Project No.: 06-123-03

Boring No.: R-09-011

Sample No.: U-14 Depth (feet): 70

Soil Description Gray Sandy Silt Sample Type: Shelby

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 129.4

Sample Hieght (inch): 5.2 Dry Unit Weight (pcf): 106.1

Sample Weight (gms): 1149.87 Moisture Content (%): 22.0

Wt. Wet Soil+Container(gms) 1310.19 Void Ratio for Gs=2.7: 0.59

Wt. Dry Soil+Container(gms) 1101.86 % Saturation: 101.0

Wt. Container (gms) 154.83

TEST DATA
Deviator Axial

Cell Pressure (ksf): 2.74 Load Def. Area Stress Strain

Back Pressure (ksf): 0.0 (Ibs) (inch) (sq.in) (ksf) (%)

Eff. Confining Pressure (ksf): 2.74 0 0.000 6.49 0.00 0.00

Shear Rate (%/min): 0.3 22 0.005 6.50 0.49 0.10

Maximum Deviator Stress (ksf): 7.4 42 0.010 6.50 0.93 0.19

Ultimate Deviator Stress (ksf): 6.9 66 0.020 6.52 1.46 0.38

Ultimate Undrained Shear Strength (ksf): 3.5 77 0.025 6.52 1.70 0.48

Axial Strain @ Maximum Stress (%) 11.52 92 0.030 6.53 2.03 0.58

135 0.060 6.57 2.96 1.15

8 187 0.090 6.61 4.08 1.73-1 __
~I- 214 0.120 6.64 4.64 2.30

.,..A'""' -
7-

V ~
238 0.150 6.68 5.13 2.88

J
272 0.200 6.75 5.80 3.84

6 299 0.250 6.82 6.31 4.80

/ 317 0.300 6.89 6.63 5.76
c
~5 335 0.350 6.96 6.93 6.72

III j 344 0.400 7.03 7.04 7.68III
Ql... 354 0.450 7.11 7.17 8.64CiJ4

j0 366 0.500 7.18 7.34 9.60
ro

370 0.550 7.26 7.34 10.56.~ 3

TCl 375 0.600 7.34 7.36 11.52

376 0.650 7.42 7.30 12.482-
376 0.700 7.50 7.22 13.44

1
377 0.750 7.58 7.16 14.40

374 0.800 7.67 7.02 15.36

373 0.850 7.76 6.92 16.31
0

0 5 10 15 20 371 0.900 7.85 6.81 17.27

Axial Strain (%) 367 0.950 7.94 6.66 18.23

370 1.000 8.03 6.63 19.19
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17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Schuyler Heim Bridge Firm-ground Reference Time History; Set 6 - FP
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 



 

APPENDIX F. REVIEW COMMENTS AND RESPONSES 

 



Re: MSE Wall BOA Section

Subject: Re: MSE Wall BDA Section
From: Seungwoon Han <seungwoon_han@dot.ca.gov>
Date: Men, 12 Apr 2010 12:09:05 -0400
To: Arul Arulmoli <arulmoli@emihmech.com>
CC: Eric Brown <e.brownejtearthmech.com>, "Haitao_Liu@dot.ca.gov" <Haitao_Liu@dot.ca.gov>,
Pat Wilson <P.Wi1son@emihmech.com>, Ranjan Gunaranjan <ranjml@emihmech.com>, Deh-Jeng
.Tang <deh-jengjangrgjdot.ca.gov>

Arul,

As we discussed over the phone, I summarized our comments below. Please note that all comments
below, and our previous comments on the bridges are applicable to all the wall reports. Also, I removed
some of comments that we resolved during discussion. If you have any questions, Please contact us.

Comments on retaining wall reports

1. Please revisit idealized soil profile and parameters, and revise them if necessary. Especially when
global slope and external stability is considered, a failure tend to develop through a weak layer, which
should be considered in the design. Therefore, layers with averaged parameters may not represent the
weak layers. Also confirm undrained residual strength of liquefiable layers.

2. Please provide stability analysis for each phase construction if strength increase is considered with
phase construction.

3. Please check allowable static long-term and short-term settlement, and seismic induced settlement
with the Structure. Especially, caltrans standard cantilever walls may not carry the settlement estimated
in the report. Also, when calculating bearing capacity of the standard wall, settlement should be
considered since settlement will control the footing design for most sandy soils.

4. Backfill material and soil corrosivity requirement should conform to our standard special provision
(SSP) for MSE wall. The requirement in SSP is more stringent than that in BOS.

5. Please provide a table showing bearing capacity FOS and minimum strap length to meet external
stability, global stability and settlement.

6. Structural backfill is assumed to have a friction angie of 34 degree with zero cohesion, and
compacted to a minimum 95 percent.

7. For Wall A1, please check inputs regarding a spreadsheet, "Stress at Various Points Below an Earth
Embankment." The Inputs for embankment geometry is not consistent with real embankment geometry.

8. Please verify bearing pressure of MSE wall. Caltran will also check BOA provided by EMI.

9.For Wall H1, end bearing of CIOH pile for retaining wall should be limited to consider potential defect
at the pile bottom during construction. Also, CIOH pile construction should comply to Caltrans SSP.

I 01'2 5/10/20103:55 PM



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-Co-Rte-PM: 07-LA-47-PM (Varies) ReviewingAgency; Caltrans District7

EANo.: 238501 FunctionalUnit: Geotechnical Design South - 2

Milestone: 65% PS&E Review Date: April 12, 2010

Consultant: EarthMechanics, Inc.

CURRENT
DWG NO.1SPEC STATUS
NO.1SECTION ACTION (OPEN!

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

I. Wall At The residual shear strength fortheliquefiable
material between EI. -5It and -22It was revised tobe
700 psfconsistent with thelowest N1 (60-C8) blowcount
inthatlayer, 13bpfforR-09-038/ D-4. Revised global
stability analysis indicates a pseudo-static factor of
safety greater than 1.1, meeting Caltrans requirements.
Revised global stability calculations areattached.

II.Wall C1. The residual shear strength forthe
liquefiable material between EI. -11 It and -25It was
discretized into two layers (1)thematerial between EI. -
11 It to-20It revised tobe1200 pstconsistent with the
lowest N1 (60-C8) blowcount inthatlayer of24bpfforR-
09-009/8-4 and (2) material between EI. -20It to-25It
revised tobe600 psfconsistent with theiowest N1 (6G-

PatrickWilson C8)blowcount in thatlayer of10bpfforsample R-09-
(PW), 011/8-5. Revised global stability calculations are

Eric Brown (EB).
A attached.

K. Arul Arulmoli
(KA), Kandiah

Pratheepan (KP) III.Walls E1/E2. The critical layer in theglobal stability
analysis isthematerial between EI. -5It and -17It and
ismodeled as600 psf, which issupported bytriaxial
testresults performed onthree different samples; R-09-
033/U-4, R-09-034/U-3 and R-09-035/U-3.

IV.Walls G1/G2. The idealized soilprofile beneath walls
G1/G2 has been revised. The critical revision was the
reduction oftheundrained shear strength inthelayer
from -6to-23It to650 psf, which was verified asthe
most conservative strength in thatlayer, according to

Please revisit idealized soil profile and parameters, and revise them if thelabtest data.
necessary. Especially when global slope and extemal stability is
considered, a failure tend todevelop through aweak layer, which should be V.Wall H1. The undrained shear strength ofmaterial
considered inthedesign. Therefore. layers with averaged parameters may between EI. -5It and -30It was reduced from 750psfto
notrepresent theweak layers. Also confirm undrained residual strength of 700 psf, which issupported bytriaxial testresults

1 liouefiable lavers. iperformed onsamples R-09-036/U-5 and R-09-037/U-6.

RESPONSES FORACTiON REaD
A:AGREE FULLY WILLCOMPLY
B:AGREE PARTLY SEENOTED EXCEPTiONS
c.DISAGREE. REASONS ARE NOTED
0: COMMENT HAS BEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTIOtJ ONlY_ ANSWER THEOlJESTION Page 1of3 Tab: Walls 65% PS&E



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (BridgleNo. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-Co-Rle-PM: 07-LA-47-PM (Varies) ReviewingAgency: Caltrans District 7

EA No.: 238501 Functional Unit: Geotechnical Design South - 2

Milestone: 65% PS&E Review Date: April 12, 2010
Consultant: EarthMechanics, Inc.

CURRENT
DWG NO.1 SPEC STATUS
NO.1 SECTION ACTION (OPEN I

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

Will comply. Strength increase due toconsolidation of
fine grained layers was considered in theglobal stability
analysis ofMSE walls E1-E2 and MSE wall G1. Global

PW/EBI KA A stability analysis forthetemporary condition during
construction forthese walls indicate a factor of safety
greater than 1.25 forallwalls. Global stability

Please provide stability analysis foreach phase construction if strength calculations forthetemporary condition forthese walls
2 increase isconsidered with phase construction. areattached.

Will comply, Based upon ourconversations with wall
contractors, theallowable differential settlement foran
MSE Wall is1%along thewall length. Static and
seismic settlement calculations indicate theanticipated
differential settlements arewithin thetolerable limits for
MSEwalis.

Forretaining wall G2(standard cantilever wall) the
settlement analysis has been revised toaccount forthe
proposed staged construction and indicates the
anticipated static settlement beneath theproposed wall
after footing construction is less than 4 inches with a
maximum differential settlement of2 inches along the

PW I EBI KAI KP A wall length; which isconsidered within thetolerable
limits ofaCaltrans Standard Type 1wall. The
recommendations inthereport have been revised to
require thatwall G2should notbeconstucted until the
settlment period fortheembankment iscomplete (a
temporary shoring wall willberequired toretain the
embankment during thesettlement period). The revised
settlement calculations are attached.

Please check allowable static long-term and short-term settlement, and
seismic induced settlement with theStructure. Especially, caltrans standard The bearing capacity calculations forretaining wall G2
cantilever walls may notcarry thesettlement estimated inthereport. Also, have been revised according tothemethodology
when calculating bearing capacity ofthestandard wall, settlement should proposed byMeyerhoff (1956) considering thatthe
beconsidered since settlement willcontrol thefooting design formost footing willbeembedded ingranular fillmaterial

3 sandv soils. compacted to90% relative density. The revised bearing

Backfill material and soilcorrosivity requirement should conform toour PW I EBI KAI KP A
standard special provision (SSP) forMSE wall. The requirement inSSP is Will comply. The corrosion requirements forMSE

4 more stringent than thatinBOS. backfill willberevised and are attached.
Will comply, Atable will beadded tothe"Bearing

PW I EBI KAI KP A Capacity" section thatwilllisttheFOS forbearing
Please provide a table showing bearing capacity FOS and minimum strap capacity and global stability fora range ofstrap lengths.

5 length tomeet external stability, global stability and settlement. A sample table forMSE Walls E1-E2 isattached.

RESPONSES FORACTlOf'I REaD
A:AGREE FUllY WILL COMPLY
B:AGREE PARTLY SEt.NOTED EXCEPTIONS
c.DISAGREE, REASONS ARE NOTED
0: COMMENT HASBEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTION ONLY. ANSWER THEQUESTION Page 20f3 Tab: Walls 65% PS&E



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-CoMRle-PM: 07-LA-47-PM (Varies) Reviewing Agency: CaltransDistrict 7

EANo.: 238501 Functional Unit: Geotechnical Design South - 2

Milestone: 65% PS&E ReviewDate: April 12, 2010

Consultant: EarthMechanics,Inc.

CURRENT
DWG NO.1SPEC STATUS
NO.1 SECTION ACTION (OPEN I

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

Will comply. Idealized soil profiles and global stability
Structural backfill isassumed tohave a friction angle of34degree with zero PW I EBI KAI KP A analyses have been revised toreflect a 34degree/zero

6 cohesion, and compacted toa minimum 95percent. cohesion materiat forstructural backfill.
Will compiy. The stress calculations aspartofthe

ForWall A1,please check inputs regarding aspreadsheet, "Stress at
PW I EBI KAI KP A

settlement analysis beneath MSE Wall A1which now
Various Points Below anEarth Embankment." The Inputs forembankment reflect thecurrent geometry oftheproposed

7 geometry isnotconsistent with real embankment geometry. embankment areattached.
Will comply. Based upon ourconversations with the
designers, thedemand bearing pressures listed inthe

PW I EBI KAI KP A Caltrans BOA (2002) aresuitable foruse indetenmining
Please verify bearing pressure ofMSE wall. Caltran willalso check BOA demand bearing pressures forwalls with a level backfill

8 provided byEMI. and equivalent vehicle surcharge.
Will comply. Axial capacity calculations have been
revised to limit theend bearing tonomore than 20% of
thenominal resistance. Revised axial pile capacity

PW I EBI KA A
calculations areattached.

ForWall H1, end bearing ofCIOH pile forretaining wall should belimited to Also, therecommendations provided inSection 6.2
consider potential defect atthepilebottom during construction. Also, CIOH "CIOH Pile Construction" have been confinmed tobeIn

9 Ipile construction should compiy toCaltrans SSP. compliance with Callrans SSP's.
FromReviewof BridgeFoundation Reports- LogofTest Borings.

Will comply. LOTB's have been revised toonly showExceptfor the standardsplitsampler,blowcounts recordedby driving PW I EBI KAI KP A
10 any other sampler should not be shown in the LOTBs. SPT blowcounts.

From Review of Bridge Foundation Reports - Consolidation Coefficient (CV)
is a function of the effective overburden and pre-consolidation stress for a Will comply. Settlement rate calculations have been
given soil. Please present the correlation curve between consolidation PW I EBI KAI KP A revised touse thelowest consolidation coefficientcoefflclent and applied vertical pressure, and select the lowest coefficient, or
the coefficient value under the actual effective overburden by the end of detenmlned from labtesting. Revised settlement

11 construction for the settlement evaluation. calculations areattached.

PW I EBI KAI KP A
A section will be included to each report that addresses

12 Settlement of adjacent utilities. the settlment benath adjacent utilities.

RESPONSES FORACTiON REaD
A:AGREE FULLY WILL COMPlY
0: AGREE PARTLY SEE NOTED EXCEPTIONS
C:DISAGREE. REASONS ARE NOTED
D:COMMENT HAS BEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTION ONLY. ANSWER THEQUESTION Page 3of3 Tab: Walls 65% PS&E



Geotechnical & Earthquake Engineering

May 10, 2010
EMI Project No. 06-123-03

Alameda Corridor Transportation Authority
One Civic Plaza, Suite 350
Carson, Califomia 90745

Attention:

Subject:

Mr. Lucien Hersh, P.E.
Project Manager

Final Foundation Report, Retaining Wall HI
Los Angeles County, California, (7-LA-47, PM 0.18, EA 238501)

Dear Mr. Hersh:

Attached is our Final Foundation Report for the subject retaining wall. This report presents the
fmdings and conclusions of our geotechnical investigation as well as analyses results and
recommendations for design and construction of the subject retaining wall.

The Foundation Report for the subject wall, dated February 10, 2010, was submitted to Caltrans.
The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed the report and provided
their comments on April 12,2010. EMI developed responses to the OGDS-1 review comments
and submitted them on May 4,2010. OGDS-1 review comments and EMI responses are included
in Appendix E. The responses to these review comments have been incorporated into this Final
Foundation Report, We appreciate the opportunity to provide geotechnical services for this
project. If you have any questions please call us.

Sincerely,

EARTH MECHANICS, INC.

Patrick Wilson, PhD
Staff Engineer

(Arul) K. Arulmoli, PhD, GE
Project Manager

;£./--
Eric Brown, GE
Senior Engineer

17660 Newhope Street, Suite E, Fountain Valley, California 92708 Tel: (714) 751-3826 Fax: (714) 751-3928
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1.0 INTRODUCTION

1.] Purpose Scope of Work

This Foundation Report presents the findings and conclusions of a geotechnical investigation
conducted by Earth Mechanics, Inc. (EMI) for the proposed Retaining Wall HI in Los Angeles
County, Califomia. The report has been prepared in general accordance with Caltrans Guidelines
for Foundation Investigation and Reports (Caltrans, 2006e). It presents results of our foundation
analyses and provides design and construction recommendations to assist the bridge designers in
preparing the project Plans, Specifications, and Estimates (PS&E) for the project.

The geotechnical services provided for this project included the following tasks:

• Collection and review of existing geotechnical information;

G Field exploration consisting of drilling, sampling and logging exploratory borings;

• Laboratory testing of selected bulk and relatively undisturbed soil samples;

• Engineering analysis to develop foundation design and construction recommendations;

• Preparation of this report presenting our findings, conclusions, and recommendations.

1.2 Project Description

The Schuyler Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a
joint. partnership between Caltrans and the Alameda Corridor Transportation Authority (ACTA).
The project proposes to replace the seismically deficient Schuyler Heim Bridge over Cerritos
Channel and add a four-lane elevated roadway connection to Alameda Street that will bypass
three signalized intersections and five at-grade railroad crossings. The location of the project is
shown in Figure 1.

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift
bridge with a fixed bridge with an elevated profile to provide a minimum vertical clearance of
47ft in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The
proposed bridge replacement project includes bridge structures along the southbound exit ramps
and northbound entrance ramps at New Dock Street and State Route-l 03 (SR-I03). This report is
prepared for the proposed Retaining Wall HI located on the east side of the SR-47/Hemy Ford
Avenue connector ramp (Figure 2).

Retaining Wall HI, located along the eastern edge of the SR-47/Hemy Ford Avenue connector
ramp between Sta, 702+90 and Sta. 707+25 ("H" Line) is proposed to be a Caltrans Type 1
retaining wall and will be approximately 428 ft long with retained heights varying from 4 ft to
10 ft.

1.3 Limitations

This report is intended for use by Alameda Corridor Transportation Authority (ACTA), its
design team members, and the Califomia Department of Transportation (Caltrans) for the
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proposed Retaining Wall HI. This report is based on the project as described herein and the
information obtained from the exploratory borings at the approximate locations indicated on the
attached plans. The findings and recommendations contained in this report are based on the
results of the field investigation, laboratory tests, and engineering analyses. Also, soils and
subsurface conditions encountered in the exploratory borings are presumed to be representative
of the project site; however, subsurface conditions and characteristics of soils between
exploratory borings can vary. Findings reflect an interpretation of the direct evidence obtained.
Recommendations presented herein are based on the assumption that an appropriate level of
quality control and quality assurance (inspections and tests) will be provided during construction.
EMI should be notified of any pertinent changes in the project plans or if subsurface conditions
are found to vary from those described herein. Modifications to the project plans or variations in
subsurface conditions may require re-evaluation of the recommendations contained in this report.

The data, opinions, and recommendations contained herein are applicable to the specific design
elements and locations which are the subject of this report. Data, opinions, and recommendations
herein have no applicability to any other design elements or to any other locations, and any and
all subsequent users accept any and all liability resulting from any use or reuse of the data,
opinions, and recommendations without the prior written consent ofEMI.

EMI is not responsible for construction means, methods, techniques, sequences, or procedures,
or for safety precautions or programs in connection with the construction, for the acts or
omissions of the Contractor, or any other person performing any of the construction, or for the
failure of any worker to carry out the construction in accordance with the Final construction
drawings and specifications.

Services performed by EMI were conducted in a manner consistent with that level of care and
skill ordinarily exercised by members of the profession currently practicing in the same locality
under similar conditions. No other representation, expressed or implied, and no warranty or
guarantee is included or intended.

Earth Mechanics, Inc.
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING

2.1 Existing Information

Existing subsurface information surrounding the Schuyler Heim Bridge is available from reports
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, Inc. (MAA, 1993)
and Diaz-Yourman and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler
Heim Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade
Separation Project, respectively. From these three sources, the nearest boring to Retaining Wall
HI is shown on the as-built Logs-of-Test-Boring (LOTB) sheets prepared by LKR for the
seismic retrofit of the Schuyler Heim Bridge and is approximately 950 ft south of the southern
end of the proposed wall pair.

2.2 Supplemental Field Exploration

A geotechnical field investigation was conducted by EMI for the entire project between October
and November, 2009 which included a total of 22 hollow-stem auger borings, 42 rotary wash
borings and 38 CPT soundings for embankments and structures and 14 additional hollow-stem
auger borings for pavement. From that exploration program, two rotary wash borings, one CPT
sounding and three hollow-stem auger borings were performed in the vicinity of Retaining Wall
HI. The purpose of the explorations was to log subsurface conditions and collect soil samples
from locations near the proposed wall. Soil exploration information is summarized in Table 1.
Approximate locations of the explorations performed by EMI for this project are shown on
Figure 3 and on the LOTB sheets included at the end of this report, Upon completion, the
exploration locations were surveyed by Wagner Engineering & Survey, Inc. (WES) under a
subcontract with EM!.

2.2.1 Soil Borings

The borings surrounding the proposed retaining wall were performed at grade on the shoulder of
the existing SR-47/Henry Ford Avenue Off-Ramp. The deepest boring penetrated down to about
elevation -100.0 ft, approximately 99.2 ft below ground surface.

Rotary borings were performed by C&L Drilling Co. (C&L) and SoCal Drilling Co. (SoCal),
under a subcontract with EMI, using a truck-mounted drill rig equipped with 5-in diameter tri
cone drill bit and a mud-rotary circulation drill system. Auger borings were performed by 2R
Drilling Co. (2R), under a subcontract with EMI, using a truck-mounted hollow-stem auger drill
rig equipped with 8-inch diameter augers. Subsurface soils and conditions were logged and
samples of soils were collected for laboratory testing. Large bulk samples of near-surface soils
were logged and collected. Smaller soil samples were collected from borings generally at 5 ft
vertical intervals by means of split-spoon drive samplers; the Standard Penetration Test (SPT)
sampler and the Modified California Drive (MCD) sampler were used to collect small disturbed
and relatively undisturbed samples, respectively. The MCD is a split-barrel sampler with a
tapered cutting tip and lined with a series of 1 inch tall brass rings. The SPT sampler (1.4 inch
ID) and MCD sampler (2.4 inch ID, 3.25 inch aD) were driven using a 140 pound hammer
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falling 30 inches down a total depth of 18 inches or until refusal. The blowcounts for the last ft of
penetration were recorded on the boring logs.

As part of the field investigation, SPT hammer energy measurements were performed by
Earthopectives CES) under a subcontract with EM!. Based on those measurements, the average
hammer efficiency was 62 percent in the borings performed by C&L, and 79 percent in the
borings performed by SoCal and 80 percent in the borings performed by 2R. A copy of the ES
report is provided in Appendix A.

Boring geophysical measurements were also collected by GeoVision under a subcontract with
EMI in six uncased borings as part of the project. Compression (P) and shear (S) wave velocities
were measured along the entire boring depth at the six selected boring locations. A copy of the
GeoVision repmi is provided in Appendix B.

TABLE 1. SOIL EXPLORATION INFORMATION

Boring

R-09-036(1)

R-09-037(2)

A··09-106(3)

A-09-109(3)

A-09-] 10(3)

CPT-09-066

Line

Line

Approx.
Station

702+90.6

704+03.1

704+28.8

705+91.0

707+76.3

702+17.7

Approx.
Offset (ft)

88.2 Lt

48.5 Rt

22.2 Lt

37.0 Rt

39.2 Rt

51.1 Rt

Approx.
GSE (ft)

+3.4

-0.9

+1.0

+0.9

+1.2

-0.8

Approx.
GWE

(ft)

-11.6

-8.4

NE

NE

NE

NR

Approx. Bottom of
Boring Elevation

(ft)

-72.6

-82.4

-10.5

-10.6

-10.3

-100.0

Method

RW

RW

HSA

HSA

HSA

CPT

Notes: 1.Boringperformed by C&1. Drilling Co.
2. Boringperformed by SoCalDrilling Co.
3.Boringperformed by 2R Drilling Co.
4. OWE = Groundwater Elevation.
5. GSE = Ground Surface Elevation (estimatedfrom topographic plans).
6. Top ofBoring Elevation Based on NA VD88.
7. RW = Rotary Wash HSA = Hollow Stem Auger, CPT = Cone Penetration Test.
8. NR = Not Recorced, NE = Not Encountered.

2.2.2 CPT Soundings

Cone Penetration Test (CPT) soundings were performed by Middle Earth Geo Testing, Inc.
(Middle Earth) under a subcontract with EMI, using an electronic cone penetrometer in general
accorda..neewith the current ASTM Standards (ASTM D5778 and ASTM D3441). The CPT
equipment consisted of a cone penetrometer assembly mounted at the end of a series 'of hollow
sounding rods. The cone penetrometer assembly consisted of a conical tip with a 60° apex angle
and a projected cross sectional area of 1.55 in" (10 em") and a cylindrical friction sleeve with a
surface area of 23.25 in" (150 em"), The interior of the cone penetrometer is instrumented with
strain gauges that allow simultaneous measurements of cone tip and friction sleeve resistance
during penetration. The cone penetrometer assembly is continuously pushed into the soil by a set
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of hydraulic rams at a standard rate of 0.79 inch per second (20 mm per second) while the cone
tip resistance and sleeve friction resistance are recorded every 1.967 inches (50 mm) and stored
in digital form, A specially designed all wheel drive 25-ton truck provides the required reaction
weight for pushing the cone assembly and is also used to transport and house the test equipment.
The computer generated graphical logs include cone resistance, friction resistance, and friction
ratio. Soil behavior type interpretations are based on guidelines by Robertson and Campanella
(1989).

2.3 Laboratory Testing

Laboratory tests were performed to determine relevant physical characteristics and engineering
properties of the in-situ soils at the site. Selected soil samples were tested to determine soil type
and other physical and engineering properties. A list of tests performed, the corresponding test
methods, and purpose oftesting is presented in Table 2.

The laboratory soil tests were conducted in general accordance with California Test (CT)
methods or American Society for Testing and Materials (ASTM) standards. The distribution of
laboratory tests is shown on the LOTB sheets at the end of the report and test results are given in
Appendix C.

TABLE 2. EXPLANATION O~' LABORATORY TESTS PERFORMED

Type of Test
Applicable Test

Method
Purpose

_.gry...Q~~sitr _
Moisture Content

ASTM D 2937 IEstimate in-situ dry soil density
-STMD2216- ... TE~·t~;t~i;~~~·~ii;;-~~hrre c~~t~;t················---·····

,.•........ _ - ..- •._.._._." -_._.... _ ..__.._.. ..-._-_ _._----_._---_.._.._ _ _ __ _._--_._---_ _ _._ _ !

i ~.?.:.?.O~..~~~E_____~~TM D 1140_.. J2~!em:ine the p~~en~age~!.~~_~IP.~~~~P.~~~~!~~ ..~fso~L__
Sieve Analysis &

ASTM D 422 Determine particle size distribution of soilL__fi2'dr~eter ._. __ __ __._. --------i
: Atterberg Limits ASTM D 4318 ine plasticity of fme-grained soil i
i----sp-e-~ifi;Gra~ity--- -; ASTM D 854 ~pecific gravity of soii..g;~;~----·········---·····---·--··-------I

!----Consolid;i~~---!-·AS1'M D 2435 termine co~pressibility off~~=gJ;;;;d soil·-···-----··---------1

I----im Triari~ ~ ASTM D 28~ st~ate strength par~m~ters offi~-;-~~~~_~~?iI=~=:~----j
r---- ·--Co~p;cti~;--- CT 216 IDetermine maximum density and optimum moisture of soil

I=~~_==-_R-V~~~=-.. CT 301__-.1 Determine R-valu~ ofsoil-·-·.======-=~-~===::==::----
, Soil pH CT 643 : Determine pH of soil for corrosion l?.~te~!i~.l~..':'.il}ua!ion .. _
r-'Mi~u~:n R~~;;ti;itY--- --.. CT 643 I Determine resistivity of soil for corrosion potential evaluation
I---&{i.fat~Conte;;:t-· -"-CT 417---j Determine' s~lfate in soil for corr~~io;;-p-;;~-;;ti~-·~~aluati~-·-·-·-···--;
1.._·--·-··· __·_------_··- ----.-----.-- --------.----- - ..--- -.-.-.--- -- --- --.----

I Chloride Content CT 422 Determine chloride in soil for corrosion potential evaluation

Notes: 1. ASTM = American Society for Testing and Materials.
2. CT = California Test Method.
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3.0 GEOLOGY

3.1 Physiography

The Schuyler Heim Bridge spans the Cerritos Channel in the Port of Long Beach. Like most of
the shipping channels within the port, the Cerritos channel is a man-made channel that was
dredged into the former Wilmington Lagoon which was a coastal marshland with abundant tidal
channels, estuaries, and small marshy islands, The site area is in the coastal area of San Pedro
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the
northeast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the south (Figure
4). The western margin of the basin is open to the Pacific Ocean except for one prominent hill,
the Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the north from San
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone
(Schell, 2007).

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet above
the plain. The margins of the hills and mountains surrounding the basin are commonly elevated
somewhat above the general level of these major plains by an apron of uplifted sediments such as
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills.

The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills such
as the northwesterly alignment of hills alld mesas called the Newport-Inglewood Structural
Zone-NISZ (Figure 4). The NISZ extends from the Newport Bay area on the south to the Beverly
Hills area on the north, and is a result of geologically recent folding and earthquake fault
displacements. The NISZ divides the basin floor into two major plains, The Downey-Tustin
Plain on the northeast and the Torrance plain (including the Long Beach Plain) on the southwest.
The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5).

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers.
These rivers enter the basin through valleys or canyons in the surrounding mountains such as Los
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin
floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all minor
tributaries in the Basin are confined within concrete-or rip-rap-lined channels but in the natural
state they meandered back and forth across the Basin floor, commonly shifting outlets. For
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay through
Ballona gap and the San Gabriel River flowed into Wilmington Lagoon which is now occupied
by the Port of Los Angeles. At present, the Los Angeles River flows to the Port of Long Beach
Los Angeles area.

The floor of the Los Angeles Basin is directly underlain by unconsolidated Quaternary-age sandy
sediments. These generally can be subdivided into loose unconsolidated Holocene-age sediments
which cover the bulk of the basin, and the underlying Pleistocene-age materials of the Lakewood
and San Pedro formations which are only exposed in some of the uplifts of the NISZ and the
marginal plains. Hard rocks occur only in the mountains surrounding the basin and at depths
ranging from a few thousand feet to as much as 30,000 feet in the deepest part of the central Los
Angeles Basin.

Earth Mechanics, Inc.
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Except for the Newport-Inglewood and the Palos Verdes fault zones, most surface geological
faults such as the Santa Monica, Hollywood, and Whittier faults occur along the basin margins
(Figure 4). In Addition to these known surface faults, the Los Angeles region is underlain by
buried thrust and reverse faults. These are poorly understood features with poorly known
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which
make up the Puente Hills blind thrust fault system, are examples (Figure 4). However, any large
earthquakes associated with these subsurface features are most likely to originate at great depths
(e.g. about 10 to 12 miles), and thus these should not impact the subject site significantly more
than similar-sized earthquakes on the nearer Newport Inglewood or Palos Verdes faults. The
1987 Whittier earthquake occurred on one of these subsurface faults (either the Santa Fe Springs
or the Coyote Hills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel
Valley northeast of the site. The 1994 Northridge earthquake occurred on a southerly dipping
buried fault below the San Fernando Valley.

3.2 Stratigraphy

The project area is underlain by a sequence of geologic strata consistent with the general
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles
area. Review of the borehole logs drilled for this project, along with existing boring logs from
other geotechnical studies and from published sources (e.g. Zielbauer, et al., 1962; Wright 1991;
U.S. Geological Survey, 2007; Schell, 2007), indicates similar strata.

The uppermost deposits of most significance to the project were deposited during the last ice age
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise in sea level
was not constant but comprised several fluctuations. Interaction between the fluctuating sea level
and sedimentary deposition from inland streams resulted in a complex association of irregular
and discontinuous beds and lenses of marine and non-marine sedimentary strata. The major
stratigraphic units underlying the project corridor are summarized below:

1) The surficial strata consist of sandy alluvium deposited by streams of the Los Angeles
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along
the coast during the past few thousand years (~ past 5,000 to 7,000 years). These are
about 20 to 30 feet thick.

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits
occur at depths of about 25 ±5 to 70 ±10 feet and represent primarily marine sediments
deposited during the later stages of the most recent rise in sea level that began about
15,000 to 20,000 years ago. However, these deposits commonly contain sand and fine
gravel lenses deposited by seasonal river flooding during intermittent wetter periods and
storms inland.

3) These are underlain by the Gaspur Formation which is coarser grained sand and gravel
material deposited in a relict channel of the Los Angeles River that was cut when sea
level was lower during the last ice age. As the climate warmed, sea level rose due to
melting ice at the Polar ice caps and the shore line retreated inland. The Gaspur is about
70 ±10 feet to about 190 feet deep and consists of an upper primarily sandy unit and a
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deeper coarser sand and gravel unit. The gravels of the Gaspur channel extend far inland
and comprise a major aquifer in the Los Angeles area.

4) The Gaspur channel was cut into older Pleistocene material of the Lakewood Formation
which is about 160 to 300 thousand years old. The Lakewood is partially marine and
partially non marine that was deposited during previous Pleistocene ice ages. Lakewood
sediments were intermittently exposed to surficial weathering resulting in desiccation,
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Formation.

5) The San Pedro Formation extends to about 1100 ±50 feet depth and comprises gently
tilted marine silts and sands overlying the folded Tertiary-age marine deposits (pico,
Repetto, Fernando formations), and the ancient igneous and metamorphic basement rocks
at a depth of about 10,000 feet.

TABLE 3. STRATIGRAPHY AND CORRELATION CHART, LONG BEACH AREA

Zielbauer
CADept. of

Geologic
Formation

Sequence
Age Estimate and others

Water
Series (USGS, 2007) Resources

(1962)
(1961)

DunelBeach Sand,
Coastal Marsh,

Holocene Transgressive Marine, Dominguez <15 ka Gaspur Gaspur
Stream

Alluvium

Mesa
Latest Pleistocene

Older Dune Sand, ___.________________ ..____~::__l 0-80 k.&.______

Upper
Stream Alluvium, Near- Pacific

Early 0 stage 5

shore Marine, (l10-130ka) 200 ft sand Gage
Pleistocene ------_..-.~-------------

Lakewood Fm (Marine Constrained between
and Non Marine) Harbor o stage 5 and 9

(~160-300 ka)

Bent Spring
o stage 9-11

_..--._- (~300-450ka)
400 ft gravel Lynwood

Upper o stage 12-14
Wilmington (~475-580 ka)

.-.._-----
Lower o stage 15-17+

Lower Wilmington (~580-<780 ka)

Pleistocene
San Pedro Formation ~2.0 Ma or >2.6 Ma Upper

Pliocene A
from magnetic Silverado

polarity and Silverado
___.__.____ ._______ paleont~logy

~2.0 Ma or >2.6 Ma

Pliocene B
from magnetic Lower

polarity and Silverado
paleontology

Upper Pico/Femando
>2.6 Mafrom

Pliocene C magnetic polarity and Pico Pico
Pliocene Formation

paleontology
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Units 1 through 3 were penetrated by many of the deeper on-land borings drilled for this
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand samples are from
the Gaspur Formation. The over-water borings generally penetrated deeper and extended through
the Gaspur into the upper part of the Lakewood Formation, Other units of the stratigraphic
succession (e.g. the Mesa and Pacific parts of the Lakewood Formation) are present in areas
adjacent to the project area but were eroded away by the erosion that accompanied deposition of
the Gaspur sediments and therefore are not important to the project. Likewise, the San Pedro
formation is deep below the site and is not important to the project.

3.3 Geologic Structure

The regional geological structure was introduced above in the geological Setting. The project
area is near the crest of the Wilmington Anticline (Figure 5) which is a west-northwest trending
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late
Pleistocene strata (Lakewood Formation) form a thin veneer across the Wilmington fold and
appear to be unaffected by the deeper folding and faulting.

There are no known active faults at the project site. The nearest major active faults are the Palos
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the northeast
(Figures 4 and 5). The Thums-Huntington Beach fault is deep below the surface (Figure 6). This
fault is a thrust fault dipping northeasterly at about 25-35 degrees. Some geoscientists suspect the
fault is a potentially active blind thrust fault but high-resolution geophysical data clearly show
the fault does not displace sediments younger than 3 or 4 million years old (Schell, 2007).
Furthermore, the fault displacement diminishes toward the northwest and is virtually nil under
the project area (Figures 5 and 6).

3.4 Seis~icity·

The project site is in seismically active southern California. The present-day seismotectonic
stress field in the Los Angeles region is one of north-northeasterly compression. This is indicated
by the geologic structures, by earthquake focal-mechanism solutions, and by geodetic
measurements. These data suggest crustal shortening of between 5 and 9 mm/yr across the
greater Los Angeles area (Argus et a1., 1999).

Historical earthquake epicenter maps show widespread seismicity throughout the region. The
larger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose
clusters along the Newport-Inglewood Structural Zone, along the southern margin of the Santa
Monica Mountains, along the northern side of the San Fernando Valley, the southern margin of
the San Gabriel Mountains, and in the Coyote Hills-Puente Hills area. Although historical
earthquakes have occurred in proximity to known faults, they are often difficult to directly
associate with mapped faults unless there was a surface rupture or a robust sequence of
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be
correlated with known faults. Part of the correlation difficulty is due to the fact that the basin is
underlain by the subsurface blind thrust faults that are not likely to be discovered until they
rupture during an earthquake.
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The largest historical earthquakes in the region were the 1994 Northridge and the 1971 San
Fernando earthquake both of which occurred north of the Los Angeles Basin (Figure 7). The
1994 earthquake had a moment magnitude (MW) of about 6.7 (MS = 6.8, ML = 6.4), and
occurred on a southerly dipping subsurface fault which was unknown prior to the earthquake.
The main shock occurred at a depth of about 12 miles below the community of Reseda in the San
Fernando Valley. Earthquake aftershocks clearly defined the rupture surface dipping about 35
degrees southerly from a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The
causative fault was never identified with certainty, but it may have been on the eastern extension
of the Oakridge fault (Yeats and Huftile, 1995), a southerly dipping fault bounding the Ventura
Basin and dipping under the Santa Susana Mountains,

The 1971 San Fernando earthquake was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the
1994 event but did involve surface rupture. The 1971 event occurred on a northerly dipping
thrust fault that dips from the northern side of the San Fernando Valley to a depth of about 9
miles under the San Gabriel Mountains. Several mapped surface faults such as the Sylmar fault,
Tujunga fault, and Lakeview fault were involved. These faults are commonly considered to be
part of the Sierra Madre fault system which extends easterly along the southern margin of the
San Gabriel Mountains from the San Fernando Valley to the north side of the San Gabriel
Valley, and to the Cucamonga fault in the San Bernardino area.

The largest historical earthquake in the Los Angeles region to have a major impact on the site
area was the 1933 Long Beach event which had a magnitude of about MW = 6.4 (ML = 6.3).
This earthquake did not rupture the surface but is believed to have been associated with the
Newport-Inglewood Structural Zone because of the distribution of aftershocks and the
abundance of ground disturbances in proximity to the fault zone (Figure 7). Although ground
failures were abundant along the NISZ trend, no unequivocal surface rupture was identified
(Benioff, 1938). Reevaluation of the seismicity data by Hauksson and Gross (1991) led to
relocation.of the 1933 earthquake hypocenter to a depth of about 6 miles below the Huntington
Beach-Newport Beach city boundary.

The 1987 Whittier earthquake (ML = 5.9, MW = 5.9) occurred on subsurface faults dipping
under the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer,
1999; Shaw et al., 2002). This zone of faults is referred to as the Puente Hills blind thrust fault
system (Figure 4). This event did not rupture the ground surface.

Another significant earthquake in the Los Angeles region was the 1812 earthquake which caused
damage at the San Juan Capistrano Mission. The location and magnitude of the 1812 earthquake
are unknown because of the sparse population at the time, but geological studies (Jacoby et al.,
1988; Weldon et al., 2004) postulated that it did not occur in the Los Angeles Basin area, but
rather, was a large (M> 7.0) distant event on the San Andreas fault in the Wrightwood area of the
San Gabriel Mountains.

The earliest documented earthquake in the region was reported by the Spanish Portola'
expedition as they camped near the Santa Ana River in 1769. TIns event has been attributed by
various geoscientists to just about every fault in the Los Angeles area but it could just as well
have been a distant event that shook a wide area as did the 1971 San Fernando, the 1987
Whittier, and the 1994 Northridge events, as well as many other more-distant events (for
example, the 1812 or 1992 Landers events).

Earth Mechanics, Inc.
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3.5 Geologic Hazards

3.5.1 Surface Fault Rupture

No surficial faults are known at the site, therefore the potential for ground rupture due to faulting
is negligible. The nearest major faults with a known potential for surface rupture are the
Newport-Inglewood zone to the northeast and the Palos Verdes Hill fault to the southwest
(Figures 4, 5, and 6).

3.5.2 Subsidence

The ground surface in the Long Beach Harbor area has undergone substantial lowering during
the 20th century due to subsidence of the sediments and rocks underlying the area. Some of this
subsidence may have been due to natural causes (e.g. natural ground-water decline, sediment
compaction, tectonics, 1933 Long Beach earthquake). Harris (1945) estimated natural subsidence
of about half an inch per year. The principal cause of the subsidence has been attributed to
withdrawal of oil and gas (Allen, 1984; Strehle, 1987), but ground-water extraction undoubtedly
contributed, perhaps 2 feet out of the 29 feet (7%), to the total subsidence.

Subsidence accelerated with development of the Wilmington oil field in 1936. The area of
subsidence forms a circular or bowl-shaped area centered on the northeast comer of Terminal
Island (Figure 8A). The maximum subsidence in the center of the subsidence bowl is about 29
feet. Subsidence along the Heim Bridge project corridor in the westem part of the subsidence
bowl was about 14 feet (Figure 8A). The maximum rate of subsidence reached about 2.4 feet per
year by 1951. The subsidence was so great that dikes had to be built within the harbor area to
prevent flooding by sea water. Some of the subsided areas behind the dikes have recently been
filled bringing the ground surface back to above sea level (~ +15 feet).

Subsidence was arrested by restoring pressure to the oil zones through injection of water into the
oil wells. This has not only stopped subsidence but has resulted in some rebound, and also has
been of economic benefit by driving more oil to the producing wells. Initial injection began in
1953 but was not fully established until about 1958; by 1961 injection was widespread.
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in 1958
and reached a maximum by about 1964 with only minor fluctuations since. Maximum elevation
rebound has been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet
(Figure 8B).

The subsidence did not cause significant damage to most surface facilities but it did damage oil
wells at about 1,500-2,000 feet depth, and induced several small earthquakes. In all, about 500
wells were damaged. Some of the oil well casings were sheared off or so severely damaged that
the wells had to be abandoned and redrilled.

Mathematical calculations indicate that up to 66 feet of subsidence could occur if allowed to
continue unchecked. To prevent and control further subsidence, injection must be maintained
even after cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department
(LBGOD) surveys elevation changes twice a year, and monitors oil field fluid injection designed
to correct elevation changes. The LBGOD estimates survey accuracy of about 0.24 inches; areas
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are considered to be stable if elevation changes are less than that (LBGOD, 2009). Bench marks
rise and fall in a somewhat random manner that is not completely understood but injections do
seem to correct elevation changes. The correlation between injection and elevation rebound
appears to be good, but it may take a few months to a year or so to be fully realized.

There are 3 "index" bench marks near the Heim Bridge; one at the north abutment and two more
a little farther to the nmih. Several other bench marks are scattered around the bridge area. Based
on measurements of these benchmarks, it appears that subsidence of the Heim Bridge area has
resumed since 1995 and total subsidence of about 2 feet has been observed in the Heim Bridge
area since 1995. During the recent years, the annual subsidence rate seems to have decreased;
Measurements were approximately 0.6 in. during the period between May 2007 and April 2008
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009).

3.5.3 Flooding

The flood inundation map in the Los Angeles County safety element of the General Plan (1990)
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of
when it is full, is quite small and it is difficult to imagine that a significant flood surge could be
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and
Los Angeles Basin; therefore, the potential for flooding of the site is considered low.

3.5.4 Tsunami and Seiche

Tsunamis are sea waves generated by submarine earthquakes, landslides, and volcanic eruptions.
Seiches are waves internal to an enclosed or highly restricted body of water that wash back and
forth across the basin. Smaller tsunamis may be common but their run-ups are no more than
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunamis
are caused by submarine earthquakes with a magnitude of about 7 or larger.

Most tsunamis to affect the Los Angeles-Long Beach harbor areas have been generated by
distant earthquakes although California has had few locally generated, historic tsunamis, namely
the 1812 Santa Barbara earthquake and the 1927 Point Arguello earthquake. According to
Houston (1979), the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being
the worst) indicating a potential for water run-ups of 5 to 15 feet.

California has been struck by several other significant tsunamis generated in the northern Pacific
(for example, the 1946 Aleutian earthquake of Mw = 7.8 and 1964 Alaska event of Mw = 9.2);
and in the southern Pacific (1922 Chile earthquake ofMw = 8.4 and the 1960 Chile event ofMw
= 9.5). The 1964 Alaska earthquake caused severe damage and 15 fatalities in northern
California. In southern California, the most serious recorded tsunami was generated by the 1960
Chile earthquake. The greatest damage occurred in the Long Beach-Los Angeles Harbor where
5-foot-high seiche waves surged back and forth in the channels. Currents of 12 knots were
reported as the water rose and fell rapidly. A 6-foot drop in water level occurred in 1 minute at
Long Beach and 3 foot drop in 5 minutes along the Cerritos Channel. The currents tore some 300
small boats and yachts from the slips and as many as 30 were sunk. Damage was estimated at
between $500,000 to over $1,000,000.

Earth Mechanics, Inc.
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A comprehensive tsunami analysis for the ports of Long Beach and Los Angeles by Moffat &
Nichol (2007) basically confirmed the tsunami hazard from distant events. The analysis included
tsunamis generated by local sources such an earthquakes in the nearby offshore Southern
California Continental Borderland, and by landslides off the Palos Verdes shelf. No tsunamis
have been documented from such local events during historical times. These events are
extremely rare with recurrence intervals up to about 10,000 years. The results of the analysis
indicate that the maximum water level within the Cerritos channel near Heim bridge could be as
high as about 11 feet. Current speeds should be less than about 3 ft/sec.

Earth Mechanics, Inc.
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4.0 SUBSURFACE CONDITIONS

4.1 Subsurface Conditions

Soil stratigraphy is defined by the available soils information and the exploratory borings and
CPT soundings (described in Section 2) performed under the supervision of EMI personnel for
the project. Within the depths explored (down to about elevation -100 ft), the subsurface profile
consists of about 55 ft of interlayered alluvial deposits overlying Gaspur Formation sand.

At the subject site, natural grade lies at an elevation of about zero. The near surface deposits
consist of silty sand and sandy silt between natural grade and about elevation -5 ft. The near
surface deposits are underlain by a thick strata of inter-layered medium stiff to stiff silt, sandy
silt, and some clay and loose to medium dense silty sand down to about elevation -55 ft. Below
elevation -55 ft, lies the Gaspur Formation which consists of dense to very dense sand and silty
sand within the depths explored.

It should be noted that the above soil description is general and is intended to describe the
subsurface in very broad terms, The soil descriptions above should not be construed to mean that
the subsurface profile is uniform and that soil is homogeneous within the project area. For details
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of the report.

4.2 Groundwater Conditions

During the EMI investigation in 2009, groundwater was recorded in both of the deep borings
performed near the proposed wall at elevation -8.4 ft and -11.6 feet. The elevation that
groundwater was encountered in each boring is listed in Table 1 and also on LOTB sheets at the
end of the report. However, due to the proximity of the site to the Cerritos Channel, where the
water elevation is dictated by tidal fluctuations, higher groundwater elevations than those
encountered during the field investigation are likely.

Based on the observed high water groundwater elevation for the Cerritos Channel, the design
groundwater was placed conservatively at elevation +5 ft or the ground surface in locations
where finished grade is proposed to be below elevation +5 ft.

4.3 Idealized Soil Profile

Based on information collected from borings R-09-036, R-09-037, A-09-106, A-09-109, A-09
110 and CPT sounding CPT-09-066, an idealized soil profile for foundation analysis and design
was developed along the alignment of the proposed wall. The subsurface profile beneath the
proposed structures is shown in Figure 9. The soil profile and design strength parameters are
presented below in Table 4.

Earth Mechanics, Inc.
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TABLE 4. IDEALIZED SOIL PROFILE AND PARAMETERS

Approx. Elev. (ft) Predominant Soil Type
Total Unit

Weight
(lb/ft3

)

Cohesion
(lblfe)

Friction
Angle

(degree)

+2.0 to -5.0 Silty Sand / Sandy Silt 120 0 30
_· •• _,_. __._._•• _._•• 0_•• • • ._•• ._._ ,_ _. __"*._._.. . . .. ._ __ _ ..

-5.0 to -30.0 Clayey Silt / Sandy Silt 120 700 0-_ .._------'._._------_.._._.__ _-------_.._------_ __._---_._--_ - -_.._--_ ---_ _ _ _.-_._-" ".' -
-30.0 to -40.0 Silty Sand / Sandy Silt 120 0 30--_._'-_ ,- __.__._----_.'.._-_.- _--_._------------------_ __ __ __.._------_ __..--.- --- "---_.----_..__._._.._--_._--_ ...

-40.0 to -50.0 Clayey Silt / Lean Clay / Silty Clay 120 2,500 0--------_._ _-_ _._----------_._._._--.- -_..---------._-_._ __._..__.__._-_.._-_ _--_._-
-50.0 to -65.0 Silty Sand 120 0 34_._..._~._-_._---_. __._. __._.._._-.---_._-- ..._--_._._----_.__.._._-------_._._--_._--_._---_.-.-._-_..•.-.._---_._-_..._..

-65.0 to -100.0 Sand / Sand with Silt / Silty Sand 125 0 38



'+30 . +30

+20 . - .

-10

+10

···· "x·············· t- '"
......... . ;'j~L. .

......... .. .........
'V

.... ........................5-'''''='.., - __.

"'I'.......:-::...-:::::..::::.::::~.lL I- :~r:::::

/
DeSlgn Water ":..1;:1 :'.1" '." Hi... ··· R'09~36····· ········ ·· ; .•..•••... +10 , ..••••;::.~~••~~.~. . . . . . no '0 /

... t- -20

-30

·40 ~
"'z
o.. ... r ·50 ~

0;
-60 uj

I~J
.......... --.-.. -.. '·100 ·.. ·· S 0 2lII :-.. ..

FnclIorlR*lT,,~
·1-10 <"J.......•.....(1$l'j .

-100

· t 10

-'20

·140· · ·140

··· ······ BofingTogTegend -ISO

-'00
-170

-210

Boring No. .GaLModSampler........ . ·· ···· · · · · ·· F~it~r~~:i~~~:)Q2 B'~~co~nt -lao

... ...... ........ .......................... So,"type based --S~l.t: m ~io::u~f 'er .. -'90
. _.. ..._. ....... -- SP (33)on'uses'

........ .................... ..................... ... ... .............. ·······ZoMofliquefiable _._............. -200
..... .. materi~ l. ~.u~ng.g.~~ .

·170·· .

..····1- -'90 .

..... .. ..···· +--·.180 .

-220

t.~;~, Earth Mechanics, Inc.
~~~ , ,~~. ~ Geolecbnical and Earthquake Engineering
"<:l. r;.:i~

ACTA SCHUYLER HElM BRIDGE
REPLAC EMENT PROJECT

Project No, 06-123 I Date: 5-10-10

Subsurface Profile

Figure 9



25

5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Seismic Evaluation

As part of EMI's scope of work for the Schuyler Heim Bridge (Replace) project, a ground
motion study was performed in accordance with the 2009 Caltrans Seismic Design Criteria
(Caltrans, 2009). Due to the weak near surface deposits encountered throughout the project area,
a site response analysis was performed to develop the design acceleration response spectra.

As described in Section 2, down-hole shear wave velocity measurements were taken in six of the
rotary wash borings performed along the mainline bridge alignment. Shear wave velocity
profiles were generated for the upper 30 meters (l00 ft) of the soil profile and input into the
program SHAKE91 along with the seven sets of spectrum compatible time histories to develop a
site specific ARS spectrum. The design ARS spectrum was generated by enveloping the mean
plus one standard deviation surface ground accelerations from the SHAKE analysis. Details of
the site specific ground motion study are summarized in a memorandum prepared by EMI, which
is included in Appendix D.

The site response analysis, performed in accordance with the 2009 SDC, results in a peak ground
acceleration (PGA) of 0.5g for the site. Liquefaction potential and seismic settlement analysis
were performed using a PGA of 0.5g resulting from a magnitude 7.0 event. Pseudo-static global
stability analyses were performed using a seismic coefficient of 0.17 equal to one-third the PGA
in accordance with Caltrans guidelines (Caltrans, 2006e).

.Ground Rupture: No known active surface faults traverse the project area. The California
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the
proximity of the site. Therefore, the risk of ground surface rupture and related hazards is
considered low.

5.2 Soil Liquefaction Potential and Seismically-Induced Settlement

The liquefaction potential of the saturated, granular materials below the water table was
evaluated using the procedures outlined by Seed et al. (1983) and updated by NCEER (1997) and
Youd et al. (2001). For liquefaction potential evaluation of clayey soils, the procedure outlined in
Boulanger and Idriss (2.006) was used. The seismically-induced soil settlement was estimated
using the procedures outlined by Tokimatsu and Seed (1987). As discussed in Section 4.2, the
design groundwater was assumed to be at the lower of elevation +5 ft or the ground surface for
the liquefaction potential evaluation.

Layers, pockets and lenses of saturated coarse-grained alluvial deposits above the dense Gaspur
Formation (located below approximate elevation -55 ft) are expected to be susceptible to
liquefaction. Seismically induced-settlements of a few to several inches are anticipated. The
elevations of the potentially liquefiable material and the corresponding anticipated seismic
settlements are shown in Table 5. The location of the potentially liquefiable material during the
design earthquake is also identified in the subsurface profile shown in Figure 9.
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TABLE 5. LIQUEFACTION AND SEISMIC SETTLEMENT ANALYSIS RESULTS

Boring/CPT
Sounding No.

Approximate Elevations of
Liquefiable Zones

(ft)!

Layer Approximate
Seismically induced
Settlement (inches)

Total Approximate
Seismically in duced
Settlement (inches)

R-09-036

R-09-037

CPT-09-066

-19 to -29 1.4--_.._-_._----_._---_._-----_.._-_.._._.__.._ _---_._-_._----_.
-34 to -39 1.0

-1 to -12 3.4
...._--_.._------_._---_.._----_..-------_._._--_...._.-------------_..-

-28 to -38 1.9
._-- -----._._._-----_._--_.._ _.._ __._ _ _--_._ _--------_.__ _ __ .

-53 to -58 0.8

-4.0to-l0.0 0.5----_._----_._------_.__._.__.__....__.__..._...__....._-------_._..__.._..._-
-22.6 to -24.8 0.6

--...---.----------------.---,.-------..---..--------.-
-28.5 to -33.5 0.6

-".__..-..---_._----_.__._---_ __ _.._-_._--------_ _._----_.

-37.0 to -39.3 0.3----_.--.-.----_._------_.__._ _---_ _ -._-------_ _._--_ _..

-47.8 to -52.2 0.2

2.4

6.1

2.0

Notes: 1. Elevations are based on NAVD88.

5.3 Soil Corrosivity

Samples representative of soils throughout the project area were tested to determine corrosivity
including minimum resistivity, pH, soluble sulfate content, and soluble chloride content. Three
soil samples were tested for corrosivity using the procedures described in California Test
methods 417, 422, 532, and 643. The pH was determined to vary between 7.5 and 8.0, the
minimum resistivities were found to vary between 65 and 190 ohm-em, soluble chloride contents
varied between 2,257 and 12,774 parts per million (ppm) and soluble sulfate contents varied
between 518 and 1,187 ppm.

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5
or less, or the chloride concentration is 500 parts per million (ppm) or greater, or the sulfate
concentration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered
to be corrosive.

5.4 Retaining Wall Recommendations

As described in Section 1.2, Proposed Retaining Wall HI is a Caltrans Type I Retaining Wall
located between approximate Stations 702+90 and Sta. 707+25 ("H" Line). The retaining wall is
approximately 428 ft long and will vary in design height from 4 to 10ft.

Based upon the preliminary cross sections provided by the wall designers, the proposed wall will
have a footing bottom between approximately elevation -6 to -10ft. Due to the soft to loose
consistency of the near surface deposits along the proposed wall, spread footings are not suitable
for support of the proposed wall. While both driven piles and Cast-In-Drilled-Hole (CIDH) piles
are feasible foundation alternatives, it is our understanding that pile driving restrictions for the
project make driven piles a less desireable foundation alternative compared to CIDH piles. Due
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to the presence of shallow groundwater which will require "wet" construction methods and pile
integrity testing, 24-inch diameter CIDH piles are recommended for support of the proposed
structure.

5.4.1 Lateral Earth Pressures

The proposed retaining wall will be a "cut" wall and will retain the native, near-surface alluvium.
A static active lateral earth pressure of 40 psf per ft of depth is recommended for design of
cantilever retaining walls with a uniform lateral pressure of at least 80 psf due to vehicle
surcharge load. This static active lateral earth pressure is applicable for a free-draining and level
backfill.

Per Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of earthquakes need to be
considered in the design of retaining walls which support bridge abutments, soundwalls, or other
installations for which there is a low tolerance for failure. Since the subject wall does not support
any structure for which there is a low tolerance for failure, per Caltrans practice, the subject wall
need not to be designed for seismic earth pressures.

5.4.2 Pile Foundations

Axial Pile Capacity: Axial pile analyses were performed using the computer program SHAFT
6.0 (Ensoft 2007). The calculated axial geotechnical capacities and pile tip elevations for a single
24-inch CIDH pile is presented in Table 6. For the extreme event limit case, negative skin
friction due to seismic settlement was estimated using residual strengths for liquefiable soils
based upon the method outlined in Seed and Harder (1990). The bottom of the liquefiable layer
contributing to negative skin friction was determined to be at elevation -40 ft based upon the
seismic settlement analysis performed on boring C-09-066.

The maximum pile-head settlement due to the nominal resistance is estimated to be less than l
inch. For axial loading, a group effect reduction factor of 0.8 was included in determining the tip
elevation shown in Table 6.

TABLE 6. RECOMMENDED PILE TIP ELEVATIONS

Nominal Resistance
___{~) Design ~i)p El.

(ft)
Compr. Tension

-61.0

Specified Tip El.
(ft)

-61.0 (a)
-45.0 (b)

--,------:-~_..._--_._._._---_.._..__.._...

o18090

Approx. Wall
Station;

"H" Line

702+90 to 707+25 -3.5 to -7.0

Approx. Design
Pile Loading

Cutoff El. (Service)
(ft) (kip)--_.-_._----------_.__._--------_._--

Note: (1) Design tip elevation is controlled by the following demands: (a) Compression, (b) Lateral Loads.

Lateral Pile Capacity: Pile-head shear capacity and maximum bending moment caused by lateral
pile-head deflections for a free-head connection with the pile cap are provided in Table 7. The
design tip elevation for lateral loading is given in Table 6.
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Lateral pile analyses were performed using the computer program LPILE (Ensoft 2007). The
intemally generated p-y curves for sandy soils were estimated using the API criteria (API, 2000).
The internally generated p-y curves for stiff fine-grained soils were estimated using the method
proposed by Reese (Reese et al., 1975), and the intemally generated p-y curves for soft fine
grained soils were estimated using the method proposed by Matlock (Matlock, 1970). A group
reduction factor of 0.9 was used in the analysis based a staggered pile layout with an average pile
spacing of 6 ft along the length of the wall and the procedures outlined in the Ensoft Group 7.0
software Technical Manual (Ensoft 2006). Liquefied soils were modeled using a p-multiplier to
degrade the static strength (Ashford et al., 2008).

The solutions presented are entirely based on soil resistance and linear pile properties. Therefore,
these values may be limited by the flexural strength (plastic moment) of the piles and other
connection details.

TABLE 7. 24-IN CIDH PILE "FREE" HEAD SOLUTION

Pile Head Deflection (in) Pile Head Shear (k) Maximum Moment (k-in)

0.25 19 928

55

38

27

68

1.0

3.0

0.5

2.0

1,484
...........-..__._-_._.._._-_.__......_._- ---"'--"'-'-"-'-

2,380
....._-_..._._--------_..._...__.__.....__..._--

3,839_.__._._ _._ _._-_.__ ._._ ..~_._-_ _.._.._._._--.._---_.._-_ _ _._-----_.._--_•.__ _-_ _ _- - - _ _._._-_._--_ __._._-_.__ -_ __.._-_ _.._-
5,091

Notes: 1. Group effects considered with a reduction factor of0.9 on "p. "

5.4.3 Global Wall Stability

The "global" stability of the Retaining Wall HI was evaluated for both static and pseudo-static
conditions using the computer program GSTABLE7 (Gregory, 2006). Strengths of liquefiable
soils were estimated using the method outlined in Seed and Harder (1990). The cross-section
selected for stability analysis was near "H" Line Sta. 705+75 where the retained wall height is
greatest.

Slope stability analyses were conducted for the static condition. In accordance with Caltrans
Guidelines (2006e), stability analysis for the seismic condition was performed using the pseudo
static approach with a seismic coefficient of 0.17; Caltrans guidelines require a seismic
coefficient equal to one-third the peak horizontal acceleration (0.5 g, based on the site specific
ground motion study, see Appendix D) but not exceeding 0.2.

According to the results of the analyses and Caltrans guidelines, the slopes meet the minimum
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the
seismic condition per Caltrans Foundation Design Guidelines (2006e).
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6.0 CONSTRUCTION CONSIDERATIONS

All work should be performed in accordance with the Caltrans Standard Specifications (Caltrans,
2006c) except as indicated in the Special Provisions prepared for the project improvements.

6.1 Earthwork

6.1.1 General

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard
Specifications (Caltrans, 2006c). Appropriate measures should be taken to prevent damage to
adjacent existing structures and utilities. Design and construction of temporary slopes or shoring
should be made the contractor's responsibility. It should be noted that it is the responsibility of
the contractor to oversee the safety of the workers in the field during construction. The contractor
shall conform to all applicable occupational safety and health standards, rules, regulations, and
orders established by the State of California. In addition, other State, County, or Municipal
regulations may supersede the recommendations presented in this section. If a trench shoring
design and safety plan is required, the geotechnical consultant should review the plan to confirm
that recommendations presented in this report have been applied to the design.

Heavy construction equipment should not be used immediately adjacent to shoring due to large
lateral pressures induced by such equipment unless the shoring is designed to accommodate
resulting pressures. Excavated soil or construction materials should not be stockpiled adjacent to
shoring or open excavations. Stockpiled soil and construction materials should be set back a
distance at least equal to the height of the excavation.

In fill areas, complete removal of compressible surficial materials including vegetation, topsoil,
loose or soft alluvium, and otherwise unsuitable material is required prior to fill placement. A
minimum overexcavation of 2 ft is recommended within all areas to receive compacted fill; the
overexcavation should extend horizontally a minimum distance of 2 ft from edges of new fills or
structures. Actual depths and extent of the required removals should be determined in the field
by qualified geotechnical personnel, Overexcavated areas should be cleaned of loose soils and
debris and should be observed to be firm and unyielding before receiving fill. The bottom of the
overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned to near
optimum moisture content, and compacted in place to at least 90 percent relative compaction.

6.1.2 Cuts and Excavations

Preliminary plans do not show any permanent cuts necessary to achieve finish grades. However,
temporary cuts may be required to facilitate the construction of proposed improvements.
Temporary excavations, including temporary sloping or shoring, will need to be designed by the
contractor for local and global stability, once the means and methods of construction are
determined.
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6.1.3 Groundwater Control

Groundwater was encountered in both of the borings performed near the proposed wall between
elevation -8.4 and -11.6 ft. Based on the latest cross sections provided by the designers, the
bottom of proposed footing bottom varies between about elevation -6 and -10ft. In addition, due
to the proximity of the site to the Cerritos Channel where the water elevation is dictated by tidal
fluctuations, higher groundwater elevations than those encountered during the field investigation
are likely.

Due to the proposed footing bottom elevations, the contractor should anticipate encountering
groundwater during construction. The contractor should be prepared to manage groundwater and
conduct construction activities in soft ground conditions. The groundwater should be controlled
in accordance with Section 19-3.04 of the Caltrans Standard Specifications (2006c). Any seepage
or groundwater removed from an excavation should be tested and disposed of in compliance with
all applicable local, state and federal requirements. Free water should not be allowed to stand in
any excavations. If excavations become flooded, at least the bottom 6 inches of soil should be
removed and replaced or re-compacted to 95 percent relative compaction. Additional removals
may be required at the discretion of the Engineer.

6.2 CIDH Pile Construction

Loose soils should be cleaned from the bottom of the borings. Pile borings should be inspected
and approved by the geotechnical engineer prior to the installation of reinforcement. Extreme
care in drilling, placement of steel, and the pouring of concrete is essential to avoid excessive
disturbance of pile boring walls. Concrete placement by pumping or tremie tube to the bottom of
the pile borings is recommended. Specifications should require that sufficient space be provided
in the pile reinforcing cage during fabrication to allow the insertion of a tremie tube for concrete
placement.

The pile reinforcing cage should be installed and the concrete pumped immediately after drilling
is completed. No boring should be drilled immediately adjacent to another pile until the concrete
in the other pile has attained its initial set.

Groundwater was encountered between elevation -8.4 and -11.6 feet in October and November
2009. Actual groundwater elevation may be different during construction due to seasonal
rainfall, surface runoff and other man-made conditions. In addition, due to the proximity of the
site to the Cerritos Channel where the water elevation is dictated by tidal fluctuations, higher
groundwater elevations than those encountered during the field investigation are likely.
Therefore, contractors should be prepared to use a "wet" method of construction. As a standard
Caltrans practice for "wet" construction, PVC tubings must be installed within the reinforcement
cage of the CIDH pile for gamma-ray testing.

Pockets and lenses of loose sandy material and very soft to soft fine-grained material were
encountered in our soil borings and these materials are susceptible to caving. If caving occurs, a
temporary casing may be required during construction. Casings should have an outer diameter
equal to or exceeding the pile diameter, Temporary casing should be pulled as the concrete is
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being poured while always maintaining at least a 5 ft head of concrete inside the casing,
Contractor can choose to use a "wet" method of construction to control caving.

In the event that any boring becomes bell-shaped and cannot be advanced due to severe caving,
all loose material should be removed from the bottom of the boring and the caved region filled
with low strength sand-cement slurry. Drilling may continue when the slurry has reached its
initial set.

6.3 Backfill Requirements for Walls

Backfill should be compacted in accordance with Section 19-5 of the Caltrans Standard
Specifications (2006c). Backfill should be placed in loose lifts not exceeding 8 inches in
thickness, moisture-conditioned or dried to near optimum moisture content, and compacted to at
least 95 percent relative compaction. The relative compaction should be based on the rnaximum
density determined by California Test Method 216. Jetting or flooding to compact backfill is not
recommended. Heavy compaction equipment, such as vibratory rollers, dozers, or loaders,
should not be used adjacent to the walls in order to avoid damaging the walls due to large lateral
earth pressures.

6.4 Review of Construction Plans

Recommendations contained herein are based on current design information. The geoteclmical
consultant should review the final constmction plans and specifications in order to confirm that
the general intent of the recommendations contained in this report have been incorporated into
the final construction documents.

6.5 Geotechnical Observation and Testing

Qualified geotechnical personnel should perform inspections and testing during the following
stages of construction:

" Grading operations, including excavations and placement of compacted fill.
e Shoring installation,
" Footing excavations.
It CIDH pile construction.
" CIDH pile integrity testing.
e Backdrain installation and backfilling of retaining wall.
e Removal or installation of support of buried utilities or structures.
It When any unusual subsurface conditions are encountered.
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APPENDIXA.

EARTHSPECTIVES SPT HAMMER ENERGY MEASUREMENT REPORT



EARTH$PECTIVES
250 Goddard
Irvine, California 92618

Phone: (949) 777-1270
Fax: (949) 777-1283

EarthMechanic, Inc.
17660 Newhope, Suite E
Fountain Valley, California 92708

Attention: Mr. Ranjan Guneranjan

Dear Ranjan:

SPT Hammer Energy Measurement
Borings A-09-053, R-09-004, and R-09-009
ACTA Schuyler Heim Bridge Replacement
Long Beach, California
ES Project No. 09095-141

INTRODUCTION

November 12, 2009

This letter report summarizes the results of EarthSpectives' (ES) SPT hammer energy measurements

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It

provides a description of the test program and results.

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and

6066 test standards. Results are summarized in Table 1, while more details regarding energy records

are provided in Appendix A.

TESTING CONDITIONS

Test Borings
SPT hammer energy measurements were performed at three boring locations drilled by three different

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig

equipped with a Automatic trip hammer and HF2-5/8 drill rod, while C&L Drilling samplers were

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made

drill rod.

Instrumentation
SPT energy measurements were performed by placing a 2 ft instrumented section of drill rod at the top

of the drill string between the hammer and the existing sampling rods. The instruments consist of two
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sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The

raw data were stored directly on a portable field computer for subsequent analysis in the office.

RESULTS

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred

energy to rated energy of the hammer which is the product of the weight of the hammer times the

height of fall (140 Ib x 30 inches = 4200 lb-in = 0.35 kip-ft).

TABLE 1 - SUMMARY OF SPT HAMMER ENERGY MEASUREMTS

NOTE: Numbers in each cell are Mm, Max, and Avg efflciency for that sampling depth

AVERAGE SPT HAMMER EFFICIENCY
(ENERGY TRANSFER RATIO

SAMPLING DEPTH
BORING A-09-053 BORING R-09-004 BORING R-09-009

(FT)
2R Drilling, Inc. So Cal drilling, Inc. C&L Drilling, Inc.

Hollow Stem Mud Rotary Mud Rotary
Automatic Trip hammer Automatic Trip hammer Rope and Cat-Head

Manual Hammer
5 77%, 92%, 87% -- --
10 72%, 95%, 87% 49%, 76%, 65% 50%, 64%, 58%
15 75%, 84%, 80% -- --
20 73%, 88%, 83% -- 48%,69%,61%
21 - 77%, 80%, 79% --
25 71%,76%,74% -- --
30 70%, 86%, 82% 77%,81%,80% 49%, 69%, 58%
35 80%, 84%, 82% -- --
40 79%, 85%, 83% 77%, 84%, 82% 56%,73%,65%
45 81%, 86%, 84% -- --
50 78%, 83%, 81% -- --
56 -- 79%, 82%, 80% --
60 -- 78%, 85%, 83% 49%,74%,64%
70 - 78%,81%,80% 51%,73%,59%
80 -- 76%, 83%, 82% 47%, 78%, 65%
90 -- 78%, 82%, 80% 41%,76%,54%
100 -- -- 51 %, 76%, 63%
105 -- 75%, 84%, 81% --
110 -- -- 51 %, 81 %, 66%
115 -- 76%, 80%, 79% --
120 -- -- 36%,78%, 62%
125 -- 75%,81%,80% --
130 -- -- 51 %, 80%, 68%
135 -- 73%, 80%, 78% --
140 -- -- 43%, 70%, 61%
145 -- 75%,81%,80% --
155 -- 78%, 84%, 81% 36%,75%,62%..
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Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of

blow number in Appendix A. Table immediately following the plot also provides the minimum,

maximum, and average values at each sampling depth in addition to raw data.

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall

average of 62 percent for boring hole R-09-009.

LIMITATIONS

Professional judgments represented in this report are based on evaluations of the technical

information gathered, our understanding of the proposed construction, and our general experience in

the qeotechnical field. We do not guarantee the performance of the project in any respect, only that

our engineering work and judgments are rendered while striving' to meet the standard of care of our

profession at this time.

CLOSURE

It has been a pleasure serving you on this project and we look forward to working with you again.

Please call if you have any questions.

Sincerely Submitted for EarthSpectives

J{L_:-~- {[2.~L-
Hossein K. Rashidi, Ph.D., P.E.
Principal Engineer
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ACTA SCHUYLER HElM BRIDGE REPLACEMENT. BORING HOLE A-09-053. 2R DRILLING

4

2

3

5

6

7

9

10

~~

-

-

..

- -
-~_.

L-.

~~~~~ -
~- .~

BPM (bl/min)
Blows Per Minute

o 40 80 Notes
1

<-
~

<,

?
:>

-~
\...

t
<:rs

.....

~
-
)~

)
<)

ETR (%)

Energy Transfer Ratio
20 60 100

~

<-

~--
rr
l>'

~
I>

~. \.
~
)

~

~
l
<z

~. ..,

1-'---' -. ~

)-
~

EMX (kips-ft)
Max Transferred Energy
0.00 0.20 0.40

1

203

B 41

L
0
W

82

N
U

M 122
B

E
R

163

!2Z7
Notes 1. Sample at 5 ft Notes 6. Sample at 30 ft

2. Sample at 10 ft 7. Sample at 35 ft
3. Sample at 15 ft S. (SN159) , Sample at 40 ft
4. Sample at 20 ft 9. Sample at 45 ft
5. Sample at 25 ft 10. Sample at 50 ft



Pile: A-09-053 Proj: ACTA HElM BRIDGE PROJECT Pg1
Info: HOLLOW STEM SP: 0.492 k/ft~3

AR: 1.2 in~2 \'18 : 16808 ft/s
LE: 56.0 ft EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F~2 Method T8X: Max Computed T-Stress
EV2: UNDEFINED
-----------------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft % K-ft bl/min ksi ksi ksi

1 4 5.00 AV 0.28 82 0 1. 50 204 54.7 20.06 20.13 6.81

25 4 10.00 AV 0.30 87 0 1. 54 216 52.6 20.27 20.36 5.80
MX 0.32 92 0 2.70 261 55.2 24.00 24.26 9.85
MN 0.27 77 0 1. 41 204 0.0 19.70 19.82 3.41

62 7 15.00 AV 0.30 87 0 2.83 266 53.3 24.22 24.36 5.75
MX 0.33 95 0 2.92 299 55.2 24.79 25.01 14.34
MN 0.25 72 0 2.16 252 0.0 22.26 22.28 3.10

76 2 20.00 AV 0.28 80 0 2.22 314 51.6 21.17 21. 22 11.75
MX 0.30 84 0 2.32 324 55.0 22.68 22.69 14.29
MN 0.26 75 0 2.16 299 33.8 5.01 5.05 1. 41

113 7 25.00 AV 0.29 83 0 3.02 318 53.6 22.28 22.49 5.85
MX 0.30 88 0 3.24 332 55.4 22.69 22.94 14.43
MN 0.25 73 0 2.27 303 0.0 21.51 21.70 2.08

140 5 30.00 AV 0.26 74 0 2.18 309 53.9 21.03 21.10 9.06
MX 0.30 76 0 2.29 319 54.2 22.26 22.37 12.58
MN 0.25 71 0 2.10 298 53.3 4.68 4.70 1. 80

153 2 35.00 AV 0.29 82 0 3.14 338 46.0 21. 50 21.63 7.73
MX 0.30 86 0 3.19 354 54.7 23.23 23.37 9.57
MN 0.24 70 0 3.01 261 0.0 4.52 4.57 2.90

158 . 1 40.00 AV 0.28 82 0 2.62 351 43.3 22.84 22.99 13.57
MX 0.29 84 0 3.16 361 54.4 23.20 23.33 15.32
MN 0.28 80 0 2.46 345 0.0 22.64 22.86 9.31

176 3 45.00 AV 0.29 83 0 2.98 360 51.4 22.73 22.89 8.15
MX 0.29 85 0 3.11 372 54.7 23.06 23.25 16.15
MN 0.27 79 0 2.50 347 0.0 22.24 22.29 7.37

186 2 50.00 AV 0.29 84 0 2.57 363 49.0 22.94 23.10 14.04
MX 0.30 86 0 2.89 375 54.6 23.38 23.42 15.32
MN 0.28 81 0 2.50 348 0.0 22.71 22.83 10.26

203 2 58.50 AV 0.28 81 0 2.82 362 54.6 22.13 22.34 8.10
MX 0.29 83 0 2.87 372 55.0 22.71 22.82 9.99
MN 0.27 78 0 2.74 349 54.2 21.74 21.93 7.46



Pile: A-09-053
Info: HOLLOW STEM

BL# COMMENTS
1 JC = 0.70
1 Sample at 5 ft

25 Sample at 10 ft
62 Sample at 15 ft
76 Sample at 20 ft

113 Sample at 25 ft
140 Sample at 30 ft
153 Sample at 35 ft
158 Sample at 40 ft
176 Sample at 45 ft
186 Sample at 50 ft

DRIVEN (2009-0ct-13 : A-09-053.MDF)

Proj: ACTA HElM BRIDGE PROJECT Pg2
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ACTA SCHUYLER HElM BRIDGE REPLACEMENT, BORING HOLE R-09-004, SOCAL DRILLING
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Pile: R-09-004 Proj: ACTA HElM BRIDGE PROJECT Pgl
Info: MUD ROTARY SP: 0.492 k/ft~3

AR: 1.4 in~2 WS: 16808 ft/s
LE: 163.0 ft EM: 30000 KSI
---------------------------------------------------------------- -------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max Fl or F2 C-Stress
EF2: Energy by F

h2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
-----------------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft %' K-ft bl/min ksi ksi ksi

1 2 10.00 AV 0.20 59 0 2.79 164 0.0 26.20 32.04 11.83

33 2 21.00 AV 0.22 65 0 3.39 171 39.1 29.39 33.69 12.31
MX 0.26 76 0 4.97 176 40.6 35.16 35.16 18.20
MN 0.17 49 0 1. 90 156 0.0 21. 85 21.85 10.73

53 2 30.00 AV 0.27 79 0 5.19 163 38.4 33.90 33.90 18.14
MX 0.28 80 0 5.33 181 40.7 35.25 35.25 20.04
MN 0.27 77 0 4.95 156 0.0 31.94 31.94 16.83

85 3 40.00 AV 0.28 80 0 5.06 189 39.1 34.43 34.43 17.43
MX 0.28 81 0 5.14 192 40.5 35.24 35.24 20.17
MN 0.27 77 0 4.67 182 0.0 32.26 32.26 15.43

98 1 56.00 AV 0.28 82 0 4.69 207 35.4 32.93 32.93 19.77
MX 0.29 84 0 4.82 213 39.9 33.84 33.84 20.65
MN 0.27 77 0 4.52 184 0.0 32.31 32.31 16.68

120 5 60.00 AV 0.28 80 0 4.82 191 37.9 34.55 34.55 15.49
MX 0.28 82 0 4.93 202 39.9 35.30 35.30 21.62
MN 0.27 79 0 4.47 187 0.0 32.44 32.44 14.43

155 3 70.00 AV 0.29 83 0 4.53 215 39.0 32.96 32.96 18.89
MX 0.29 85 0 4.68 223 40.4 33.99 33.99 21.51
MN 0.27 78 0 4.06 206 0.0 31.25 31.25 15.91

177 2 80.00 AV 0.28 80 0 4.19 216 38.2 32.36 32.36 14.68
MX 0.28 81 0 4.28 223 40.4 33.53 33.53 17.11
MN 0.27 78 0 4.09 206 0.0 31.54 31.54 13.13

261 8 90.00 AV 0.28 82 0 4.30 238 39.4 32.11 32.11 13.60
MX 0.29 83 0 4.44 246 40.1 33.19 33 .19 16.14
MN 0.26 76 0 4.12 212 0.0 31. 38 31. 38 11.96

333 4 105.00 AV 0.28 80 0 4.28 235 39.3 32.88 32.88 11.18
MX 0.28 82 0 4.89 242 40.1 34.28 34.28 14.93
MN 0.27 78 0 4.19 202 0.0 31.69 31.69 9.08

414 8 115.00 AV 0.28 81 0 5.01 208 39.2 32.54 32.54 12.80
MX 0.29 84 0 5.27 223 40.0 35.90 35.90 14.87
MN 0.26 75 0 4.60 150 0.0 28.91 28.91 10.42

516 10 125.00 AV 0.27 79 0 5.39 163 39.3 36.22 36.22 12.06
MX 0.28 80 0 5.48 226 40.0 37.09 37.09 14.79
MN 0.26 76 0 4.70 157 0.0 32.53 32.53 9.07



Pile: R-09-004 Proj: ACTA HElM BRIDGE PROJECT Pg2
Info: MUD ROTARY
-----------------------------------------------------------------------------
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft 9- K-ft bl/min ksi ksi ksi0

575 5 135.00 AV 0.28 80 0 5.14 210 38.6 35.68 35.68 12.65
MX 0.28 81 0 5.38 222 39.4 36.75 36.75 14.02
MN 0.26 75 0 4.96 154 0.0 34.28 34.28 11.15

654 7 145.00 AV 0.27 78 0 5.48 156 39.1 35.48 35.48 8.50
MX 0.28 80 0 5.57 190 39.9 36.26 36.26 11.96
MN 0.25 73 0 5.01 142 0.0 34.11 34.11 5.84

738 8 155.00 AV 0.28 80 0 5.11 194 39.0 34.13 34.13 7.09
MX 0.28 81 0 5.29 213 39.7 35.36 35.36 9.97
MN 0.26 75 0 4.02 185 0.0 32.39 32.39 4.89

830 8 165.95 AV 0.28 81 0 4.07 221 39.7 32.50 32.50 6.57
MX 0.29 84 0 4.26 232 39.8 34.26 34.26 9.64
MN 0.27 78 0 3.82 207 39.2 30.05 30.05 4.79

BL# COMMENTS
1 JC = 0.70

53 Sample at 30 ft
98 Sample at 56 ft

177 Sample at 80 ft
261 Sample at 90 ft
333 Sample at 105 ft
414 Sample at 115 ft
516 Sample at 125 ft
575 Sample at 135 ft
654 Sample at 145 ft
738 Sample at 155 ft

DRIVEN (2009-0ct-22 : R-09-004.MDF)
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ACTA SCHUYLER HElM BRIDGE REPLACEMENT, BORING HOLE R-09-009. C&L DRILLING

BPM (bl/min)
Blows Per Minute

o LlO 80 Notes
1

B 169
L
o
W

338

N

U

M 506
B
E
R

675

8Ll3

EMX Ik i p s r t t )
Max Transferred Energy
0.00 0.20 0.40

~

...~
<;r~
~

I:i-
2:::.....

c:;;;;:

~

~
-Z
~

~
~~-

~
- S

~- .~

ETR (%)
Energy Transfer Ratio

20 60 100

I I ~~~~-

~~ ~ I~~·

.~I:::::: I~~

-
J

-~~ -~~~~

~~~~

~

~~-~~

~ -~

~
~~~~

~--~~~ ~-~~,~-~-~

1.- -- ~~

~-, - ~~.

~

I----'-~ ........................

1

2

3

4

5

6

7

8

9

10

!2Zl
Notes 1 . Sample at 20 ft NOt8S 6, Samp18 at 110 ft

2. Sample at 60 ft 7. Sample at 120 ft
3. Samp18 at 80 ft 8. Sample at 130 ft
4. Sample at 90 ft 9. Sample at 140 ft
5. Samp18 at 100 ft 10. Samp18 at 155 ft



Pile: R-09-009 Proj: ACTA HElM BRIDGE PROJECT Pgl
Info: MUD ROTARY- rope and cathead SP: 0.492 k/ft~3

AR: 1.4 in~2 WS: 16808 ft/s
LE: 165.0 ft EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
-----------------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft 9- K-ft bl/min ksi ksi ksi0

1 3 10.00 AV 0.20 55 0 2.10 0 24.0 28.27 28.27 0.00

34 3 20.00 AV 0.20 58 0 1. 94 127 36.6 18.84 18.84 4.18
MX 0.22 64 0 2.67 178 38.2 21.77 21.77 6.58
MN 0.17 50 0 0.00 0 24.0 6.34 6.34 0.55

56 2 30.00 AV 0.21 61 0 2.26 194 34.2 18.69 18.69 6.31
MX 0.24 69 0 2.96 247 37.1 23.57 23.57 8.24
MN 0.16 48 0 0.00 0 0.0 14.23 14.23 0.51

65 1 40.00 AV 0.20 58 a 1. 89 164 30.2 19.71 19.71 7.25
MX 0.24 69 0 2.60 231 36.5 21.02 21.02 10.52
MN 0.17 49 0 0.00 0 0.0 18.44 18.44 0.90

81 1 60.00 AV 0.22 65 0 2.65 212 32.7 18.96 18.96 7.92
MX 0.25 73 0 3.57 263 36.2 27.82 27.82 9.45
MN 0.19 56 0 0.00 2 0.0 3.14 3.14 0.46

110 2 70.00 AV 0.22 64 0 2.88 219 30.1 21.46 21. 46 7.54
MX 0.26 74 0 3.81 262 36.1 29.54 29.54 8.88
MN 0.17 49 0 0.00 0 0.0 17.26 17.26 3.92

147 3 80.00 AV 0.20 59 0 2.23 187 36.3 20.16 20.16 7.94
MX 0.25 73 a 3.15 253 39.1 25.27 25.27 10.30
MN 0.05 51 0 0.00 0 0.0 8.30 8.30 2.89

229 8 90.00 AV 0.22 64 0 2.62 234 36.4 19.28 19.28 5.25
MX 0.27 78 0 3.46 306 38.6 27.34 27.34 7.73
MN 0.16 47 0 0.00 16 0.0 3.27 3.27 0.37

310 8 100.00 AV 0.19 54 a 2.71 245 33.4 21.08 21.08 2.78
MX 0.26 76 0 3.57 351 37.7 26.83 26.83 7.62
MN 0.14 41 0 2.20 22 0.0 5.52 5.52 0.89

394 8 110.00 AV 0.22 63 0 2.83 231 34.5 20.95 20.95 4 . 04
MX 0.26 76 0 3.90 287 36.8 29.25 29.25 7.67
MN 0.17 51 0 0.00 184 0.0 15.45 15.45 1. 54

481 8 120.00 AV 0.23 66 0 2.72 246 36.9 20.99 20.99 3.31
MX 0.28 81 0 3.48 308 39.7 26.42 26.42 5.42
MN 0.18 51 0 0.00 178 0.0 15.88 15.88 1. 42

591 11 130.00 AV 0.21 62 0 2.87 214 36.6 21.08 21.08 2.77
MX 0.27 78 0 4.16 259 38.7 30.5l 30.51 7.35
MN 0.12 36 0 0.00 123 0.0 13.80 13.80 1.12



Pile: R-09-009 Proj: ACTA HElM BRIDGE PROJECT Pg2
Info: MUD ROTARY- rope and cathead
-----------------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft 9- K-ft bl/min ksi ksi ksia

687 9 140.00 AV 0.24 68 0 3.01 236 34.8 23.31 23.31 2.79
MX 0.30 80 0 3.69 303 38.8 28.09 28.09 5.59
MN 0.18 51 0 0.00 13 0.0 3.80 3.80 0.47

780 6 155.00 AV 0.21 60 0 2.86 188 38.0 20.27 20.27 3.95
MX 0.24 70 0 3.77 264 39.8 28.67 28.67 5.87
MN 0.15 43 0 0.00 1 36.0 4.85 4.85 0.56

840 6 164.57 AV 0.21 62 0 2.91 211 38.1 20.71 20.71 1. 88
MX 0.26 75 0 3.72 291 39.5 28.13 28.13 3.30
IYIN 0.12 36 0 1. 60 121 35.6 13.42 13.42 0.77

BL# COMMENTS
1 JC = 0.70

34 Sample at 20 ft
81 Sample at 60 ft

147 Sample at 80 ft
229 Sample at 90 ft
310 Sample at 100 ft
394 Sample at 110 ft
481 Sample at 120 ft
591 Sample at 130 ft
687 Sample at 140 ft
780 Sample at 155 ft

DRIVEN (2009-0ct-28 : R-09-009.MDF)
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Earth Mechanics Inc.

INTRODUCTION

Project Number 06-123

Boring geophysical measurements were collected in six uncased borings for the Schuyler Heim

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisition was

performed between 'October 19 to November 6, 2009 by Victor Gonzalez and Charles Carter of

GEOVision. Data analysis was performed by Victor Gonzalez and reviewed by Robert Steller of

GEOVision. Report preparation was performed by Victor Gonzalez and reviewed by John Diehl

of GEO Vision. The work was performed under subcontract with Earth Mechanics, Inc. (EMI)

with G. 1. Gunaranjan serving as the point of contact for EM!.

This. report describes the field measurements, data analysis, and results of this work.

GEOVision Report 9375-01 rev a Page 5 of 72 November 11.2009



Earth Mechanics Inc. i-roject Number Uti-1LJ

SCOPE OF WORK

This report presents the results of boring geophysical measurements collected between October

19 and November 6, 2009 in six 47/8 -inch uncased borings, as detailed in Table 1. The purpose

of the study was to supplement stratigraphic information obtained during EMI's soil sampling

program and to acquire shear wave velocities and compressional wave velocities as a function of

depth.

Coordinates and elevations provided by EMI

ELEVATION - FEET COORDINATES - FEET {1}

BORING DATES MLLW(1)

DESIGNATION LOGGED NORTHING EASTING

R-09-007 10119/2009 -0.79 1,735,625 6,488,980
R-09-014 10/20 - 10/21/2009 -1.33 1,736,114 6,489,009
R-09-021 10/21/2009 7.31 1,736,864 6,488,921
R-09-022 11/02 - 11/03/2009 -4.11 1,737,853 6,488,768
R-09-025 11/05/2009 -3.90 1,738,368 6,488,737
R-09-028 11/06/2009 -3.32 1,738,869 6,488,698

(1)

Table 1 Boring locations and logging dates

The OYO Suspension Logging System was used to obtain in-situ horizontal shear and

compressional wave velocity measurements at 1.6-foot intervals. The acquired data were

analyzed and a profile of velocity versus depth was produced for both compressional and

horizontally polarized shear waves.

A detailed reference for the velocity measurement teclmiques used in this study is:

Guidelines for Determining Design Basis Ground Motions, Report TR-102293,

Electric Power Research Institute, Palo Alto, California, November 1993,

Sections 7 and 8.

GEOVision Report 9375-01 rev a Page 6 of 72 November 11, 2009



e artn IVlecnanlcs Inc.

INSTRUMENTATION

Suspension Instrumentation

I-'rOJeCl Number Ub-l Lj

Suspension soil velocity measurements were performed in all borings using the PS suspension

logging system, manufactured by OYO Corporation, and their subsidiary, Robertson

Geologging. This system directly determines the average velocity of a 3.3-foot high segment of

the soil column surrounding the boring of interest by measuring the elapsed time between

arrivals of a wave propagating upward through the soil column, The receivers that detect the

wave, and the source that generates the wave, are moved as a unit in the boring producing

relatively constant amplitude signals at all depths.

The suspension system probe consists of a combined reversible polarity solenoid horizontal

shear-wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet,

allowing average wave velocity in the region between the receivers to be determined by

inversion of the wave travel time between the two receivers. The total length of the probe as used

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottom

end of the probe.

The probe receives control signals from, and sends the receiver signals to, instrumentation on the

surface via an armored 4 or 7 conductor cable. The cable is wound onto the drum of a winch and

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28

foot circumference sheave fitted with a digital rotary encoder.

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled

directly to the boring walls; rather, the source motion creates a horizontally propagating

impulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure

wave is converted to P and Swwaves in the surrounding soil and rock as it impinges upon the

wall of the boring. These waves propagate through the soil and rock surrounding the boring, in

turn causing a pressure wave to be generated in the fluid surrounding the receivers as the soil

GEOVision Report 9375-01 rev a Page 7 ofn Novem ber 11• 2009



Earth Mechanics Inc. Project Number 06-123

waves pass their location. Separation of the P and SWwaves at the receivers is performed using

the following steps:

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source,

maximizing the amplitude of the recorded SH -wave signals.

2. At each depth, Swwave signals are recorded with the source actuated in opposite

directions, producing SWwave signals of opposite polarity, providing a characteristic Sw

wave signature distinct from the P-wave signal.

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and

damp significantly before the slower Swwave signal arrives at the receiver. In saturated

soils, the received P-wave signal is typically of much higher frequency than the received

SH-wave signal, permitting additional separation of the two signals by low pass filtering.

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers

because the wavelength of the pressure pulse in fluid is significantly greater than the

dimension of the fluid annulus surrounding the probe, preventing significant energy

transmission through the fluid medium.

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:

1. The source is fired in one direction producing dominantly horizontal shear with some

vertical compression, and the signals from the horizontal receivers situated parallel to the

axis of motion of the source are recorded.

2. The source is fired again in the opposite direction and the horizontal receiver signals are

recorded.

3. The source is fired again and the vertical receiver signals are recorded. The repeated

source pattern facilitates the picking of the P and Swwave arrivals; reversal of the source

changes the polarity of the Swwave pattern but not the P-wave pattern.

The data from each receiver during each source activation is recorded as a different channel on

the recording system. The Suspension PS system has six channels (two simultaneous recording

channels), each with a 1024 sample record. The recorded data are displayed as six channels with

a common time scale. Data are stored on disk for further processing. Up to 8 sampling sequences

can be summed to improve the signal to noise ratio of the signals.

GEOVision Report 9375-01 rev a Page 8 of 72 November 11, 2009



cartn Mecnarucs Inc. Project Number 06-123

Review of the displayed data on the recorder or computer screen allows the operator to set the

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize

the quality of the data before recording. Verification of the calibration of the Suspension PS

digital recorder is performed every twelve months using a NIST traceable frequency source and

counter, as outlined in Appendix B.

GEOVision Report 9375-01 rev a Page 9 of 72 November 11. 2009



Earth Mechanics Inc.

MEASUREMENT PROCEDURES

Suspension Measurement Procedures

Project Number 06-123

Six 4 7/8-inch uncased borings filled with freshwater drilling mud were logged. Measurements

followed the CEO Vision Procedure for P-S Suspension Seismic Velocity Logging, revision 104.

Prior to each logging run, the probe was positioned with the top of the probe at the top of the

drilling mud tub, ground surface, or other stationary reference point. Subsequently, the electronic

depth counter was set to 8.2 feet, the distance between the mid-point of the receiver and the top

of the probe, minus the height of the stationary reference point, as verified with a tape measure,

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as

summarized in Table 2.

At each measurement depth the measurement sequence of two opposite horizontal records and

one vertical record was performed, and the gains were adjusted as required. The data from each

depth were viewed on the computer display, checked, and recorded on disk before moving to the

next depth.

Upon completion of the measurements, the probe zero depth indication at the stationary

reference point was verified and recorded on the field logs prior to removal from the boring.

Field data were backed up to USB flash drive each day upon completion of data acquisition.

DEPTH
DEPTH TO

SAMPLE
BORING TOOL AND RUN

RANGE
BOTTOM OF

INTERVAL
DATE

NUMBER NUMBER
(FEET)

BORING
(FEET)

LOGGED
(FEET)

R-09-007 SUSPENSION PS 1 3.3 - 136.2 150 1.6 10/19/2009

R-09-014 SUSPENSION PS 1 3.3 -118.1 165 1.6 10/20/2009

R-09-021 SUSPENSION PS 1 6.6 -154.2 170 1.6 10/21/2009

R-09-022 SUSPENSION PS 1 3.3 -162.4 175 1.6 11/02/2009

R-09-025 SUSPENSION PS 1 3.3 -160.8 175 1.6 11/05/2009

R-09-028 SUSPENSION PS 1 3.3 - 162.4 175 1.6 11/06/2009

Table 2. Logging dates and depth ranges
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earth Mecllanlcs Inc.

DATA ANALYSIS

Suspension Analysis

Project Number 06-123

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms

were analyzed to locate the most prominent first minima, first maxima, or first break on the

vertical axis records, indicating the arrival ofP-wave energy. The difference in travel time

between receiver 1 and receiver 2 (RI-R2) arrivals was used to calculate the P-wave velocity for

that 3.3- foot segment of the soil column. When observable, P-wave arrivals on the horizontal

axis records were used to verify the velocities determined from the vertical axis data. The time

picks were then transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the

velocity calculations based on the arrival time picks made in PSLOG.

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-Rl) was also picked

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity

derived from the travel time between receivers. In this analysis, the depth values as recorded

were increased by 4.53 feet to correspond to the mid-point of the 6.33-foot S-Rl interval. Travel

times were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting

0.35 milliseconds, the calculated and experimentally verified delay from source trigger pulse

(beginning of record) to source impact. This delay corresponds to the duration of acceleration of

the solenoid before impact.

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to

locate the presence of dear Swwave pulses, as indicated by the presence of opposite polarity

pulses on each pair of horizontal records. Ideally, the Swwave signals from the 'normal' and

'reverse' source pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass

filtering can be used to remove the higher frequency P-wave signal from the Swwave signal.

Generally, the first maxima were picked for the 'normal' signals and the first minima for the

'reverse' signals, although other points on the waveform were used if the first pulse was distorted.

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds,

due to differences in the actuation time of the solenoid source caused by constant mechanical

bias in the source or by boring inclination. This variation does not affect the Rl -R2 velocity
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Earth Mechanics Inc. Project Number 06-123

determinations, as the differential time is measured between arrivals of waves created by the

same source actuation. The final velocity value is the average of the values obtained from the

'normal' and 'reverse' source actuations.

As with the P-wave data, Swwave velocity calculated from the travel time over the 6.33-foot

interval from source to receiver 1 was calculated and plotted for verification of the velocity

derived from the travel time between receivers. In this analysis, the depth values were increased

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-Rl interval. Travel times were

obtained by picking the first break of the Swwave signal at the near receiver and subtracting

0.35 milliseconds, the calculated and experimentally verified delay from the beginning of the

record at the source trigger pulse to source impact.

These data and analysis were reviewed by Robert Steller as a component of GEOVision's in

house QA-QC program.

Figure 2 shows an example of R1 - R2 measurements on a sample filtered suspension record. In

Figure 2, the time difference over the 3.3-foot interval of 1.88 milliseconds for the horizontal

signals is equivalent to an Swwave velocity of 1745 feet/second. Whenever possible, time

differences were determined from several phase points on the Swwaveform records to verify the

data obtained from the first arrival of the SH-wave pulse. Figure 3 displays the same record

before filtering of the Swwaveform record with a 1400 Hz FFT - IFFT digital lowpass filter,

illustrating the presence of higher frequency P-wave energy at the beginning of the record, and

distortion of the lower frequency Swwave by residual P-wave signal.
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RESULTS

Suspension Results..

Project Nurnber 06-123

Suspension RI-Rl P- and SH-wave velocities are plotted in Figures 4, 5, 6, 7, 8, and 9. The

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8,

respectively. These plots and data are included in the EXCEL analysis files transmitted

separately.

P- and SJrwave velocity data from RI-Rl analysis and quality assurance analysis of S-RI data

are plotted together in Figures A-I through A-6 to aid in visual comparison. It should be noted

that RI-R2 data are an average velocity over a 3.3-foot segment of the soil column; S-RI data

are an average over 6.33 feet, creating a significant smoothing relative to the RI-Rl plots. S-RI

data are presented in Tables A-I through A-6, and included in the EXCEL analysis files.

Calibration procedures and records for the suspension PS measurement system are presented in

AppendixB.
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SUMMARY

Discussion of Suspension Results

Project Number 06-123

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with

rotary mud (rotary wash) methods, as were these borings. Thus data collected in these uncased

borings was of very good quality.

Suspension PS velocity data quality is judged based upon 5 criteria:

1. Consistent data between receiver to receiver (R1 - R2) and source to receiver (S - R1)

data.

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated

soils)

3. Consistency between data from adjacent depth intervals.

4. Clarity ofP-wave and Swwave onset, as well as damping oflater oscillations.

5. Consistency of profile between adjacent borings, if available.

These data show good correlation between R1 - R2 and S - Rl. Additionally, there is a good

correlation between P-wave and Swwave velocities, as both show similar velocity inflections.

Data from adjacent depth intervals are generally similar. P-wave and Swwave onsets are clear

and later oscillations are well damped.

Velocity profiles between borings in the study area are generally similar. All borings exhibit Sw

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over

1,000 fps at depth. All borings show an increase to water velocities' in the P-wave profil es at 10 

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a similar

decrease inP-wave velocity at approximately 45 - 55 feet bgs which typically indicates an

organic-rich zone.
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Quality Assurance

Project Number 06-123

These boring geophysical measurements were performed using industry-standard or better

methods for measurements and analyses. All work was performed under GEO Vision quality

assurance procedures, which include:

• Use of NIST-traceable calibrations, where applicable, for field and laboratory

instrumentation

It Use of standard field data logs

• Use of independent verification of velocity data by comparison of receiver-to-receiver and

source-to-receiver velocities

• Independent review of calculations and results by a registered professional engineer,

geologist, or geophysicist.

Suspension Data Reliability

p, and Swwave velocity measurement using the Suspension Method gives average velocities

over a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the

graphs. In uncased borings, individual measurements are very reliable, with estimated precision

of +/- 5%. Standardized field procedures and quality assurance checks contribute to the

reliability of the data.
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Cable Head ---H---!"j

Head Reducer
--ff---J>l

Or Telemetry
Unit

4 or 7-Conductor cable OYO PS-170 or

Micrologger2
.. Logger/Recorder

n Diskette
~ CDR orUSS,

Flash drive
with Data

*----+.~~---Upper Geophone

~---hi~~-- Lower Geophone

.It----j,~~--- Filter Tube

+---+~-r--- Source

+---t'~"i---- Source Driver

+---t.~i"---- Weight

Overall Length - 25 ft

Figure 1: Concept illustration of P-S logging system
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6.00 8.00 10.88

Project Number 06-123

:\ !
. '\.. t»:-"

Figure 2: Example of filtered (1400 Hz lowpass) record

GEOVision Report 9375-01 rev a Page 17 of 72 Novem ber 11, 2009



cartn lVIecnanlcs Inc.

6.80 8.80 18.88

r-roject rvurnoer UO- I zo

GEOVision Report 9375-01 rev a

Figure 3. Example of unfiltered record
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (ft/s) (ftls)

3.3 730 1470 0.34

4.9 510 1560 0.44

6.6 310 1810 0.49

8.2 220 2450 0.50

9.8 270 4760 0.50

11.5 320 4630 0.50

13.1 390 4690 0.50

14.8 450 4900 0.50

16.4 510 4980 0.49

18.0 480 5380 0.50

19.7 390 5330 0.50

21.3 410 5250 0.50

23.0 490 5210 0.50

24.6 500 5330 0.50

26.3 520 5380 0.50

27.9 540 5330 0.49

29.5 510 5250 0.50

31.2 560 5130 0.49

32.8 610 5090 0.49

34.5 540 5050 0.49

36.1 490 5050 0.50

37.7 520 4980 0.49

39.4 520 5010 0.49

41.0 540 4940 0.49

42.7 580 4900 0.49

44.3 630 4390 0.49

45.9 600 4220 0.49

47.6 530 4500 0.49

49.2 500 4570 0.49

50.9 580 4360 0.49

52.5 620 4360· 0.49

54.1 660 4220 0.49

55.8 670 5130 0.49

57.4 610 5130 0.49

59.1 630 5170 0.49

60.7 690 5130 0.49

62.3 700 5130 0.49

64.0 720 5130 0.49

65.6 680 5050 0.49

67.3 740 5290 0.49

68.9 740 5210 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

1.0 220 450 0.34

1.5 150 470 0,44

2.0 90 550 0.49

2.5 70 750 0.50

3.0 80 1450 0.50

3.5 100 1410 0.50

4.0 120 1430 0.50

4.5 140 1490 0.50

5.0 150 1520 0.49

5.5 150 1640 0.50

6.0 120 1630 0.50

6.5 120 1600 0.50

7.0 150 1590 0.50

7.5 150 1630 0.50

8.0 160 1640 0.50

8.5 160 1630 0,49

9.0 160 1600 0.50

9.5 170 1560 0,49

10.0 190 1550 0,49

10.5 170 1540 0,49

11.0 150 1540 0.50

11.5 160 1520 0.49

12.0 160 1530 0.49

12.5 160 1510 0.49

13.0 180 1490 0.49

13.5 190 1340 0,49

14.0 180 1290 0.49

14.5 160 1370 0.49

15.0 150 1390 0.49

15.5 180 1330 0.49

16.0 190 1330 0.49

16.5 200 1290 0.49

17.0 200 1560 0.49

17.5 190 1560 0.49

18.0 190 1580 0.49

18.5 210 1560 0.49

19.0 210 1560 0.49

19.5 220 1560 0.49

20.0 210 1540 0.49

20.5 220 1610 0.49

21.0 220 1590 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ttl (Ns) (Ns)

70.5 670 5130 0049

72.2 720 5290 0049

73.8 810 5330 0049

75.5 710 5750 0049

77.1 740 5700 0049

78.7 740 5600 0049

8004 740 5420 0049

82.0 780 5330 0049

83.7 770 5560 0049

85.3 770 5460 0049

86.9 780 5510 0049

88.6 770 5460 0049

90.2 730 5420 0049

91.9 720 5460 0049

93.5 780 5700 0049

95.1 770 5850 0049

96.8 800 5800 0049

98.4 950 5950 0049

100.1 920 5900 0049

101.7 920 5750 0049

10304 950 5700 0049

105.0 940 5700 0049

106.6 930 5750 0049

108.3 910 5700 0049

109.9 910 5850 0049

111.6 840 6010 0049

113.2 860 5900 0049

114.8 960 5800 0049

116.5 970 5700 0049

118.1 970 5650 0048

119.8 970 5560 0048

121.4 1010 5700 0048

123.0 1040 5700 0048

124.7 1010 5700 0048

126.3 1010 5750 0048

128.0 1050 5950 0048

129.6 1060 6230 0048

131.2 1120 6170 0048

132.9 1100 6410 0048

134.5 1050 6350 0049

136.2 1080 6540 0049

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

21.5 200 1560 0049

22.0 220 1610 0049

22.5 250 1630 0049

23.0 220 1750 0049

23.5 230 1740 0.49

24.0 230 1710 0049

24.5 230 1650 0049

25.0 240 1630 0049

25.5 230 1690 0049

26.0 230 1670 0.49

26.5 240 1680 0.49

27.0 230 1670 0.49

27.5 220 1650 0.49

28.0 220 1670 0.49

28.5 240 1740 0.49

29.0 230 1780 0.49

29.5 240 1770 0.49

30.0 290 1810 0.49

30.5 280 1800 0.49

31.0 280 1750 0.49

31.5 290 1740 0.49

32.0 290 1740 0.49

32.5 280 1750 0.49

33.0 280 1740 0.49

33.5 280 1780 0.49

34.0 260 1830 0.49

34.5 260 1800 0.49

35.0 290 1770 0.49

35.5 290 1740 0.49

36.0 300 1720 0.48

36.5 300 1690 0.48

37.0 310 1740 0.48

37.5 320 1740 0.48

38.0 310 1740 0.48

38.5 310 1750 0.48

39.0 320 1810 0.48

39.5 320 1900 0.48

40.0 340 1880 0.48

40.5 340 1950 . 0.48

41.0 320 1940 0.49

41.5 330 1990 0.49
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SCHUYLER HElM BRIDGE BORING R-09-o-14
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Figure 5: Boring R-09-014, Suspension R1-R2 P- and Swwave velocities
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ftlsl (ftlsl

3.3 330 2350 0.49

4.9 560 2310 0.47

6.6 500 2980 0.49

8.2 280 5750 0.50

9.8 320 6060 0.50

11.5 330 4220 0.50

13.1 350 4760 0.50

14.8 370 5380 0.50

16A 370 4900 0.50

18.0 420 5050 0.50

19.7 430 5290 0.50

21.3 400 5050 0.50

23.0 410 4980 0.50

24.6 450 5290 0.50

26.3 500 5380 0.50

27.9 530 5380 0.50

29.5 500 5380 0.50

31.2 520 5290 0.50

32.8 600 5380 0.49

34.5 630 5290 0.49

36.1 480 5130 0.50

37.7 460 4570 0.49

39.4 530 5290 0.49

41.0 540 5380 0.49

42.7 640 5290 0.49

44.3 670 5210 0.49

45.9 560 4980 0.49

47.6 520 4070 0.49

49.2 480 3470 0.49

50.9 510 4440 0.49

52.5 630 5380 0.49

54.1 650 5210 0.49

55.8 630 4830 0.49

57.4 650 4980 0.49

59.1 690 5380 0.49

61.0 670 5210 0.49

62.3 680 5290 0.49

64.0 720 5460 0.49

65.6 710 5290 OA9

67.3 730 5290 0.49

68.9 720 5460 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

1.0 100 720 0.49

1.5 170 710 0.47

2.0 150 910 OA9

2.5 90 1750 0.50

3.0 100 1850 0.50

3.5 100 1290 0.50

4.0 110 1450 0.50

4.5 110 1640 0.50

5.0 110 1490 0.50

5.5 130 1540 0.50

6.0 130 1610 0.50

6.5 120 1540 0.50

7.0 130 1520 0.50

7.5 140 1610 0.50

8.0 150 1640 0.50

8.5 160 1640 0.50

9.0 150 1640 0.50

9.5 160 1610 0.50

10.0 180 1640 0.49

10.5 190 1610 0.49

11.0 150 1560 0.50

11.5 140 1390 0.49

12.0 160 1610 0.49

12.5 160 1640 OA9

13.0 200 1610 0.49

13.5 200 1590 0.49

14.0 170 1520 0.49

14.5 160 1240 0.49

15.0 150 1060 0.49

15.5 160 1350 0.49

16.0 190 1640 0.49

16.5 200 1590 0.49

17.0 190 1470 0.49

17.5 200 1520 0.49

18.0 210 1640 0.49

18.6 200 1590 0.49

19.0 210 1610 0.49

19.5 220 1670 0.49

20.0 220 1610 0.49

20.5 220 1610 0.49

21.0 220 1670 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (Ns) (Ns)

70.5 700 5460 0.49

72.2 750 5460 0.49

73.8 850 5560 0.49

75.5 870 5750 0.49

77.1 840 5750 0.49

78.7 800 5700 0.49

80.4 820 5700 0.49

82.0 870 5800 0.49

83.7 900 5800 0.49

85.3 920 5850 0.49

86.9 940 5800 0.49

88.6 920 5850 0.49

90.2 900 5850 0.49

91.9 890 5900 0.49

93.8 900 6010 0.49

95.1 870 5950 0.49

96.8 900 5950 0.49

98.4 940 6010 0.49

100.4 950 6010 0.49

101.7 970 5900 0.49

103.4 960 5850 0.49

105.0 990 6010 0.49

106.6 900 5950 0.49

108.3 860 5850 0.49

109.9 910 6010 0.49

111.6 1000 6010 0.49

113.2 960 6120 0.49

114.8 910 5900 0.49

116.5 980 5950 0.49

118.1 980 6060 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

21.5 210 1670 0.49

22.0 230 1670 0.49

22.5 260 1690 0.49

23.0 270 1750 0.49

23.5 260 1750 0.49

24.0 240 1740 0.49

24.5 250 1740 0.49

25.0 260 1770 0.49

25.5 270 1770 0.49

26.0 280 1780 0.49

26.5 290 1770 0.49

27.0 280 1780 0.49

27.5 280 1780 0.49

28.0 270 1800 0.49

28.6 270 1830 0.49

29.0 270 1810 0.49

29.5 270 1810 0.49

30.0 290 1830 0.49

30.6 290 1830 0.49

31.0 300 1800 0.49

31.5 290 1780 0.49

32.0 300 1830 0.49

32.5 280 1810 0.49

33.0 260. 1780 0.49

33.5 280 1830 0.49

34.0 300 1830 0.49

34.5 290 1860 0.49

35.0 280 1800 0.49

35.5 300 1810 0.49

36.0 300 1850 0.49
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Figure 6: Boring R-09-021, Suspension R1-R2 P- and Swwave velocities
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (fUs) (fUs)

6.6 410 3580 0.49

8.2 420 3750 0.49

9.8 410 3920 0.49

10.8 400 4270 0.50

13.1 600 4330 0.49

14.8 760 4390 0.48

16.4 650 4170 0.49

18.0 590 4900 0.49

19.7 520 4760 0.49

21.3 410 4630 0.50

23.0 420 4980 0.50

24.6 500 5050 0.49

26.3 510 5130 0.50

27.9 490 5210 0.50

29.5 580 5330 0.49

31.2 600 5250 0.49

32.8 550 5170 0.49

34.5 570 5250 0.49

36.1 580 5380 0.49

37.7 640 5460 0.49

39.4 650 5330 0.49

41.0 580 5290 0.49

42.7 620 5420 0.49

44.3 650 5330 0.49

45.9 520 5210 0.49

47.6 480 5210 0.50

49.2 580 5290 0.49

50.9 650 5380 0.49

52.5 720 5380 0.49

54.1 700 5290 0.49

55.8 550 5250 0.49

57.4 570 5380 0.49

59.1 740 5560 0.49

60.7 780 5650 0.49

62.3 820 5650 0.49

64.0 780 5560 0.49

65.6 750 5420 0.49

67.3 770 5460 0.49

68.9 780 5650 0.49

70.5 720 5560 0.49

72.2 670 5380 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

2.0 130 1090 0.49

2.5 130 1140 0.49

3.0 120 1200 0.49

3.3 120 1300 0.50

4.0 180 1320 0.49

4.5 230 1340 0.48

5.0 200 1270 0.49

5.5 180 1490 0.49

6.0 160 1450 0.49

6.5 120 1410 0.50

7.0 130 1520 0.50

7.5 150 1540 0.49

8.0 150 1560 0.50

8.5 150 1590 0.50

9.0 180 1630 0.49

9.5 180 1600 0.49

10.0 170 1580 0.49

10.5 180 1600 0.49

11.0 180 1640 0.49

11.5 200 1670 0.49

12.0 200 1630 0.49

12.5 180 1610 0.49

13.0 190 1650 0.49

13.5 200 1630 0.49

14.0 160 1590 0.49

14.5 150 1590 0.50

15.0 180 1610 0.49

15.5 200 1640 0.49

16.0 220 1640 0.49

16.5 210 1610 0.49

17.0 170 1600 0.49

17.5 170 1640 0.49

18.0 230 1690 0.49

18.5 240 1720 0.49

19.0 250 1720 0.49

19.5 240 1690 0.49

20.0 230 1650 0.49

20.5 230 1670 0.49

21.0 240 1720 0.49

21.5 220 1690 0.49

22.0 210 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ftIs) (ftIs)

73.8 710 5420 0.49

75.5 750 5460 0.49

77.1 740 5510 0.49

78.7 770 5560 0.49

80.4 800 5510 0.49

82.0 840 5510 0.49

83.7 880 5560 0.49

85.3 850 5510 0.49

86.9 860 5510 0.49

88.6 910 5650 0.49

90.2 910 5750 0.49

91.9 930 5750 0.49

93.5 970 5800 0.49

95.1 970 5800 0.49

96.8 1000 5850 0.48

98.4 1030 5850 0.48

100.1 990 5850 0.49

101.7 990 5850 0.49

103.4 1020 5950 0.48

105.0 1040 5950 0.48

106.6 1040 5950 0.48

108.3 1050 5950 0.48

109.9 1030 5950 0.48

111.6 1030 6060 0.49

113.2 1050 6170 0.49

115.2 1080 5950 0.48

116.5 1070 5950 0.48

118.1 1080 6060 0.48

119.8 1080 5950 0.48

121.4 1080 6170 0.48

123.0 1100 6060 0.48

124.7 1180 6410 0.48

126.3 1120 6230 0.48

128.0 1110 6060 0.48

129.6 1090 5950 0.48

131.2 1030 6060 0.49

132.9 1130 6350 0.48

134.5 1180 6410 0.48

136.2 1140 6540 0.48

137.8 1150 6410 0.48

139.4 1150 6410 0.48

141.1 1190 6410 0.48

142.7 1260 6730 0.48

144.7 1230 6670 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (rn/s)

22.5 220 1650 0.49

23.0 230 1670 0.49

23.5 230 1680 0.49

24.0 230 1690 0.49

24.5 240 1680 0.49

25.0 260 1680 0.49

25.5 270 1690 0.49

26.0 260 1680 0.49

26.5 260 1680 0.49

27.0 280 1720 0.49

27.5 280 1750 0.49

28.0 280 1750 0.49

28.5 290 1770 0.49

29.0 300 1770 0.49

29.5 310 1780 0.48

30.0 310 1780 0.48

30.5 300 1780 0.49

31.0 300 1780 0.49

31.5 310 1810 0.48

32.0 320 1810 0.48

32.5 320 1810 0.48

33.0 320 1810 0.48

33.5 310 1810 0.48

34.0 310 1850 0.49

34.5 320 1880 0.49

35.1 330 1810 0.48

35.5 330 1810 0.48

36.0 .. 330 1850 0.48

36.5 330 1810 0.48

37.0 330 1880 0.48

37.5 340 1850 0.48

38.0 360 1950 0.48

38.5 340 1900 0.48

39.0 340 1850 0.48

39.5 330 1810 0.48

40.0 310 1850 0.49

40.5 340 1940 0.48

41.0 360 1950 0.48

41.5 350 1990 0.48

42.0 350 1950 0.48

42.5 350 1950 0.48

43.0 360 1950 0.48

43.5 380 2050 0.48

44.1 370 2030 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ftls) (ftls)

146.0 1180 6600 0.48

148.0 1280 6730 0.48

149.3 1290 6730 0.48

150.9 1280 6730 0.48

152.6 1340 6670 0.48

154.2 1330 6730 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

44.5 360 2010 0.48

45.1 390 2050 0.48

45.5 390 2050 0.48

46.0 390 2050 0.48

45.5 410 2030 0.48

47.0 400 2050 0.48
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Figure 7: Boring R-09-022, Suspension R1-R2 P- and Swwave velocities
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers vs Vo Ratio

(ft) (ft/s) (ft/s)

3.3 440 1720 0047

4.9 500 2490 0048

6.6 250 5050 0.50

8.2 210 5560 0.50

10.2 290 2870 0049

11.5 260 2980 0.50

13.1 310 5050 0.50

14.8 290 5380 0.50

16.4 410 4900 0.50

18.0 400 5050 0.50

19.7 520 5380 0.50

21.3 570 5210 0049

23.0 600 5130 0049

24.6 650 5290 0049

26.3 580 5050 0049

27.9 610 4980 0049

29.5 690 5010 0049

31.2 680 5250 0049

32.8 700 5290 0049

34.1 780 5210 0049

36.1 640 5210 0049

37.7 570 5090 0049

39.4 550 5130 0049

41.0 550 5460 0049

42.7 660 5210 0049

44.3 650 5420 0049

45.9 550 4570 0049

47.6 590 4870 0049

49.2 560 5130 0049

50.9 580 5560 0049

52.5 650 5380 0049

53.5 690 5380 0049

55.8 730 5420 0049

57.4 760 5380 0049

59.1 680 5210 0049

60.7 610 5210 0049

62.3 670 5330 0049

64.0 820 4940 0049

65.6 740 5460 0049

67.3 700 5290 0049

68.9 720 5380 0049

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

1.0 130 520 0047

1.5 150 760 0048

2.0 80 1540 0.50

2.5 60 1690 0.50

3.1 90 880 0.49

3.5 80 910 0.50

4.0 90 1540 0.50

4.5 90 1640 0.50

5.0 130 1490 0.50

5.5 120 1540 0.50

6.0 160 1640 0.50

6.5 180 1590 0049

7.0 180 1560 0.49

7.5 200 1610 0.49

8.0 180 1540 0049

8.5 190 1520 0.49

9.0 210 1530 0.49

9.5 210 1600 0049

10.0 210 1610 0.49

iDA 240 1590 0.49

11.0 200 1590 0049

11.5 170 1550 0049

12.0 170 1560 0.49

12.5 170 1670 0.49

13.0 200 1590 0.49

13.5 200 1650 0.49

14.0 170 1390 0.49

14.5 180 1480 0049

15.0 170 1560 0.49

15.5 180 1690 0.49

16.0 200 1640 0.49

16.3 210 1640 0.49

17.0 220 1650 0.49

17.5 230 1640 0.49

18.0 210 1590 0049

18.5 180 1590 0.49

19.0 200 1630 0049

19.5 250 1510 0.49

20.0 220 1670 0.49

20.5 210 1610 0.49

21.0 220 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (ills) (ills)

70.5 740 5420 0.49

72.2 830 5250 0.49

73.8 780 5130 0.49

75.5 740 5210 0.49

77.1 800 5130 0.49

78.7 840 5250 0.49

80.4 890 5210 0.48

82.0 960 5380 0.48

83.7 980 5380 0.48

85.3 940 5460 0.48

86.9 970 5420 0.48

88.6 1040 5650 0.48

90.2 1050 5560 0.48

91.9 1000 5650 0.48

93.5 1040 5560 0.48

95.1 1100 5600 0.48

96.1 1040 5600 0.48

98.4 1030 5750 0.48

100.1 1020 5700 0.48

101.7 1110 5950 0.48

103.4 1100 5900 0.48

105.0 1150 5950 0.48

106.6 1080 5850 0.48

108.3 1080 5800 0.48

109.9 1100 6010 0.48

111.6 1250 6670 0.48

113.2 1340 6470 0.48

114.8 1200 6540 0.48

116.5 1090 6290 0.48

118.4 1110 5850 0.48

119.8 1130 5950 0.48

121.4 1190 5850 0.48

123.4 1280 6060 0.48

124.7 1310 6290 0.48

126.3 1290 6410 0.48

128.0 1310 6350 0.48

129.6 1240 5950 0.48

131.2 1160 5800 0.48

132.9 1160 5800 0.48

134.5 1170 5850 0.48

136.2 1170 5850 0.48

137.8 1350 6410 0.48

139.4 1470 6800 0.48

141.4 1450 6800 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

21.5 230 1650 0.49

22.0 250 1600 0.49

22.5 240 1560 0.49

23.0 230 1590 0.49

23.5 240 1560 0.49

24.0 250 1600 0.49

24.5 270 1590 0.48

25.0 290 1640 0.48

25.5 300 1640 0.48

26.0 290 1670 0.48

26.5 290 1650 0.48

27.0 320 1720 0.48

27.5 320 1690 0.48

28.0 310 1720 0.48

28.5 320 1690 0.48

29.0 340 1710 0.48

29.3 320 1710 0.48

30.0 310 1750 0.48

30.5 310 1740 0.48

31.0 340 1810 0.48

31.5 340 1800 0.48

32.0 350 1810 0.48

32.5 330 1780 0.48

33.0 330 1770 0.48

33.5 330 1830 0.48

34.0 380 2030 0.48

34.5 410 1970 0.48

35.0 370 :1990 0.48

35.5 330 1920 0.48

36.1 340 1780 0.48

36.5 340 1810 0.48

37.0 360 1780 0.48

37.6 390 1850 0.48

38.0 400 1920 0.48

38.5 390 1950 0.48

39.0 400 1940 0.48

39.5 380 1810 0.48

40.0 350 1770 0.48

40.5 350 1770 0.48

41.0 360 1780 0.48

41.5 360 1780 0.48

42.0 410 1950 0.48

42.5 450 2070 0.48

43.1 440 2070 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
.Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ftls) (ftls)

142.7 1520 6670 0.47

144.4 1340 6730 0.48

146.0 1270 6470 0.48

147.6 1250 6230 0.48

149.3 1350 6170 0.47

150.9 1390 6410 0.48

152.6 1270 6410 0.48

154.2 1310 6350 0.48

155.8 1340 6670 0.48

157.5 1560 7580 0.48

159.1 1470 6800 0.48

160.8 1290 6010 0.48

162.4 1310 5900 0.47

Metric Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

43.5 460 2030 0.47

44.0 410 2050 0.48

44.5 390 1970 0.48

45.0 380 1900 0.48

45.5 410 1880 0.47

46.0 430 1950 0.48

46.5 390 1950 0.48

47.0 400 1940 0.48

47.5 410 2030 0.48

48.0 470 2310 0.48

48.5 450 2070 0.48

49.0 390 1830 0.48

49.5 400 1800 0.47
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Figure 8: Boring R-09-025, Suspension R1-R2 P- and Swwave velocities
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (Ns) (Ns)

3.3 510 2140 0,47

4,9 370 2690 0,49

6.6 330 2450 0,49

8.2 410 2600 0,49

9.8 380 4470 0.50

11.5 340 4300 0.50

13.1 400 4360 0.50

14.8 390 5560 0.50

16,4 430 5460 0.50

18.0 540 5130 0,49

19.7 560 5210 0,49

21.3 460 5090 0.50

23.0 470 5330 0.50

24.6 510 5170 0.50

26.3 550 5010 0.49

27.9 620 5380 0,49

29.5 650 5420 0,49

31.2 550 5250 0.49

32.8 500 5330 0.50

34.5 550 5250 0,49

36.1 580 5290 0.49

37.7 590 5210 0.49

39.4 550 5050 0.49

41.0 530 5170 0.49

42.7 610 5330 0.49

44.3 610 5170 0.49

45.9 540 5210 0.49

47.6 530 5170 0.49

49.2 530 5210 0.49

50.9 630 5170 0.49

52.5 700 5330 0.49

54.1 730 5380 0.49

55.8 720 5170 0.49

57.4 750 5170 0.49

59.1 680 5170 0.49

60.7 630 5210 0.49

62.3 720 5290 0.49

64.0 750 5380 0.49

65.6 730 5380 0.49

67.3 730 5330 0.49

68.9 740 5290 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vp Ratio

(m) (m/s) (m/s)

1.0 150 650 0.47

1.5 110 820 0.49

2.0 100 750 0.49

2.5 130 790 0,49

3.0 120 1360 0.50

3.5 100 1310 0.50

4.0 120 1330 0.50

4.5 120 1690 0.50

5.0 130 1670 0.50

5.5 170 1560 0,49

6.0 170 1590 0,49

6.5 140 1550 0.50

7.0 140 1630 0.50

7.5 160 1580 0.50

8.0 170 1530 0.49

8.5 190 1640 0.49

9.0 200 1650 0.49

9.5 170 1600 0.49

10.0 150 1630 0.50

10.5 170 1600 0.49

11.0 180 1610 0.49

11.5 180 1590 0.49

12.0 170 1540 0.49

12.5 160 1580 0.49

13.0 190 1630 0.49

13.5 190 1580 0.49

14.0 170 1590 0.49

14.5 160 1580 0.49

15.0 160 1590 0.49

15.5 190 1580 0.49

16.0 210 1630 0.49

16.5 220 1640 0.49

17.0 220 1580 0.49

17.5 230 1580 0.49

18.0 210 1580 0.49

18.5 190 1590 0.49

19.0 220 1610 0.49

19.5 230 1640 0.49

20.0 220 1640 0.49

20.5 220 1630 0.49

21.0 220 1610 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (ftIs) (ftIs)

70.5 730 5090 0.49

72.2 760 5050 0.49

73.2 760 5130 0.49

75.5 740 5210 0.49

77.1 740 5170 0.49

78.7 770 5170 0.49

80.4 800 5250 0.49

82.0 840 5250 0.49

83.7 860 5380 .0.49

85.3 890 5510 0.49

86.9 940 5750 0.49

88.6 1010 5650 0.48

90.2 1000 5700 0.48

91.9 1090 5700 0.48

93.5 1060 5800 0.48

95.1 1040 5800 0.48

96.8 1060 5850 0.48

98.4 1060 5800 0.48

100.1 1080 5850 0.48

101.7 1060 5850 0.48

103.4 1120 5850 0.48

105.0 1130 5950 0.48

106.6 1250 6060 0.48

108.3 1180 5950 0.48

109.9 1100 5900 0.48

111.6 1120 5950 0.48

113.2 1170 6060 0.48

114.8 1230 6170 0.48

116.5 1210 6060 0.48

118.1 1130 5900 0.48

119.8 1140 5850 0.48

121.4 1160 5900 0.48

123.0 1240 6060 0.48

124.7 1350 6290 0.48

126.3 1360 6410 0.48

128.0 1360 6230 0.47

129.6 1230 6060 0.48

131.2 1220 6120 0.48

132.9 1320 6230 0.48

134.5 1260 6800 0.48

136.2 1350 6940 0.48

137.8 1240 6540 0.48

139.4 1180 6290 0.48

141.1 1170 6290 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

21.5 220 1550 0.49

22.0 230 1540 0.49

22.3 230 1560 0.49

23.0 230 1590 0.49

23.5 220 1580 0.49

24.0 230 1580 0.49

24.5 240 1600 0.49

25.0 260 1600 0.49

25.5 260 1640 0.49

26.0 270 1680 0.49

26.5 290 1750 0.49

27.0 310 1720 0.48

27.5 310 1740 0.48

28.0 330 1740 0.48

28.5 320 1770 0.48

29.0 320 1770 0.48

29.5 320 1780 0.48

30.0 320 1770 0.48

30.5 330 1780 0.48

31.0 320 1780 0.48

31.5 340 1780 0.48

32.0 340 1810 0.48

32.5 380 1850 0.48

33.0 360 1810 0.48

33.5 340 1800 0.48

34.0 340 1810 0.48

34.5 360 1850 0.48

35.0 380 1880 0.48

35.5 370 1850 0.48

36.0 350 1800 0.48

36.5 350 1780 0.48

37.0 350 1800 0.48

37.5 380 1850 0.48

38.0 410 1920 0.48

38.5 410 1950 0.48

39.0 410 1900 0.47

39.5 370 1850 0.48

40.0 370 1860 0.48

40.5 400 1900 0.48

41.0 380 2070 0.48

41.5 410 2120 0.48

42.0 380 1990 0.48

42.5 360 1920 0.48

43.0 360 1920 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers V s Vo Ratio

(ft) (fUs) (fUs)

142.7 1280 6540 0.48

144.4 1370 6470 0.48

146.0 1310 6350 0.48

147.6 1440 6800 0.48

149.3 1720 7170 0.47

150.9 1640 6940 0.47

152.6 1680 6870 0.47

154.2 1650 6470 0.47

155.8 1430 5950 0.47

157.5 1320 5600 0.47

159.1 1320 5510 0.47

160.8 1270 5560 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs V o Ratio

(m) (m/s) (m/s)

43.5 390 1990 0.48

44.0 420 1970 0.48

44.5 400 1940 0.48

45.0 440 2070 0.48

45.5 520 2180 0.47

46.0 500 2120 0.47

46.5 510 2090 0.47

47.0 500 1970 0.47

47.5 440 1810 0.47

48.0 400 1710 0.47

48.5 400 1680 0.47

49.0 390 1690 0.47
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Figure 9: Boring R-09-028, Suspension R1-R2 P- and Swwave velocities
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(tt) (ills) (ills)

3.3 330 2470 0.49

4.9 290 2310 0.49

6.6 300 2300 0.49

8.2 460 2640 0.48

9.8 310 3130 0.49

11.5 340 4250 0.50

13.1 400 3940 0.49

14.8 430 5090 0.50

16.4 410 4760 0.50

18.0 440 4500 0.50

19.7 500 4940 0.49

21.3 540 4090 0.49

23.0 660 3790 0.48

24.6 550 4830 0.49

26.3 500 4870 0.49

27.9 580 5010 0.49

29.5 630 5130 0.49

31.2 710 5330 0.49

32.8 770 4830 0.49

34.5 660 5050 0.49

36.1 510 4870 0.49

37.7 520 4940 0.49

39.4 560 5050 0.49

41.0 610 4830 0.49

42.7 740 4980 0.49

44.3 660 5010 0.49

45.9 580 5010 0.49

47.6 630 5210 0.49

49.2 670 5250 0.49

50.9 670 5210 0.49

52.5 740 5130 0.49

54.1 760 5210 0.49

55.8 790 5250 0.49

57.4 810 5250 0.49

59.1 790 5210 0.49

60.7 790 5250 0.49

62.3 850 5330 0.49

64.0 910 5380 0.49

65.6 870 5330 0.49

67.3 910 5420 0.49

68.9 870 5330 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

1.0 100 750 0.49

1.5 90 710 0.49

2.0 90 700 0.49

2.5 140 800 0.48

3.0 100 950 0.49

3.5 100 1290 0.50

4.0 120 1200 0.49

4.5 130 1550 0.50

5.0 130 1450 0.50

5.5 130 1370 0.50

6.0 150 1510 0.49

6.5 170 1250 0.49

7.0 200 1150 0.48

7.5 170 1470 0.49

8.0 150 1480 0.49

8.5 180 1530 0.49

9.0 190 1560 0.49

9.5 220 1630 0.49

10.0 230 1470 0.49

10.5 200 1540 0.49

11.0 160 1480 0.49

11.5 160 1510 0.49

12.0 170 1540 0.49

12.5 190 1470 0.49

13.0 230 1520 0.49

13.5 200 1530 0.49

14.0 180 1530 0.49

14.5 190 1590 0.49

15.0 200 1600 0.49

15.5 200 1590 0.49

16.0 230 1560 0.49

16.5 230 1590 0.49

17.0 240 1600 0.49

17.5 250 1600 0.49

18.0 240 1590 0.49

18.5 240 1600 0.49

19.0 260 1630 0.49

19.5 280 1640 0.49

20.0 270 1630 0.49

20.5 280 1650 OA9

21.0 270 1630 OA9
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ftls) (ftIs)

70.5 860 5330 0.49

72.2 850 5330 0.49

73.8 890 5460 0.49

75.5 960 5460 0.48

77.1 900 5380 0.49

78.7 890 5560 0.49

80.4 870 5460 0.49

82.0 780 5330 0.49

83.7 790 5330 0.49

85.3 720 5290 0.49

86.9 680 5250 0.49

88.6 760 5420 0.49

90.2 930 5560 0.49

91.9 1080 5800 0.48

93.5 1150 5950 0.48

95.1 1160 5900 0.48

96.8 1040 5600 0.48

98.4 920 5460 0.49

100.1 990 5700 0.48

101.7 1080 6010 0.48

103.4 1080 5900 0.48

105.0 1120 5950 0.48

106.6 1050 5900 0.48

108.3 1050 5850 0.48

109.9 1020 5850 0.48

111.6 1050 5850 0.48

113.2 1090 5900 0.48

114.8 1110 5900 0.48

116.5 1110 5900 0.48

118.1 1060 5850 0.48

119.8 1040 5800 0.48

121.4 1050 5850 0.48

123.0 1010 5850 0.48

124.7 1080 5950 0.48

126.3 1190 6120 0.48

128.0 1090 6230 0.48

129.6 1110 6470 0.48

131.2 1330 6600 0.48

133.2 1420 6600 0.48

134.5 1390 6410 0.48

136.2 1380 6410 0.48

137.8 1490 6600 0.47

139.4 1380 6540 0.48

141.1 1270 6010 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

21.5 260 1630 0.49

22.0 260 1630 0.49

22.5 270 1670 0.49

23.0 290 1670 0.48

23.5 270 1640 0.49

24.0 270 1690 0.49

24.5 260 1670 0.49

25.0 240 1630 0.49

25.5 240 1630 0.49

26.0 220 1610 0.49

26.5 210 1600 0.49

27.0 230 1650 0.49

27.5 280 1690 0.49

28.0 330 1770 0.48

28.5 350 1810 0.48

29.0 350 1800 0.48

29.5 320 1710 0.48

30.0 280 1670 0.49

30.5 300 1740 0.48

31.0 330 1830 0.48

31.5 330 1800 0.48

32.0 340 1810 0.48

32.5 320 1800 0.48

33.0 320 1780 0.48

33.5 310 1780 0.48

34.0 320 1780 0.48

34.5 330 1800 0.48

35.0 340 1800 0.48

35.5 340 1800 0.48

36.0 320 1780 0.48

36.5 320 1770 0.48

37.0 320 1780 0.48

37.5 310 1780 0.48

38.0 330 1810 0.48

38.5 360 1860 0.48

39.0 330 1900 0.48

39.5 340 1970 0.48

40.0 410 2010 0.48

40.6 430 2010 0.48

41.0 430 1950 0.48

41.5 420 1950 0.48

42.0 460 2010 0.47

42.5 420 1990 0.48

43.0 390 1830 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ft/s) (ft/s)

142.7 1280 5800 0.47

144.4 1320 5750 0.47

146.3 1420 5850 0.47

147.6 1340 5650 0.47

149.3 1270 5600 0.47

150.9 1390 5700 0.47

152.6 1360 5560 0.47

154.2 1330 5510 0.47

155.8 1340 5420 0.47

157.5 1340 5380 0.47

159.1 1350 5510 0.47

160.8 1340 5750 0.47

162.4 1320 5700 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

43.5 390 1770 0.47

44.0 400 1750 0,47

44.6 430 1780 0,47

45.0 410 1720 0,47

45.5 390 1710 0,47

46.0 420 1740 0.47

46.5 410 1690 0.47

47.0 410 1680 0,47

47.5 410 1650 0,47

48.0 410 1640 0,47

48.5 410 1680 0.47

49.0 410 1750 0,47

49.5 400 1740 0,47
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Figure A-1. Boring R-09-007, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-i. Boring R-09-007, S - Ri quality assurance analysis PC' and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ills) (ills)

8.5 290 1630 0.48

10.1 280 2720 0.49

11.8 330 4710 0.50

13.4 390 4940 0.50

15.1 410 4900 0.50

16.7 420 5040 0.50

18.3 420 5390 0.50

20.0 430 5230 0.50

21.6 440 5230 0.50

23.3 460 5150 0.50

24.9 520 5390 0.50

26.6 530 5430 0.50

28.2 530 5170 0.49

29.8 570 5080 0.49

31.5 560 5170 0.49

33.1 550 5100 0.49

34.8 560 5080 0.49

36.4 530 5080 0.49

38.0 530 4950 0.49

39.7 560 5060 0.49

41.3 580 5170 0.49

43.0 590 5170 0.49

44.6 580 4460 0.49

46.2 570 4120 0.49

47.9 540 4380 0.49

49.5 540 4280 0.49

51.2 560 4270 0.49

52.8 610 4280 0.49

54.4 620 4540 0.49

56.1 630 4890 0.49

57.7 660 5120 0.49

59.4 660 5060 0.49

61.0 680 5210 0.49

62.6 710 5190 0.49

64.3 700 5170 0.49

65.9 720 5170 0.49

67.6 690 5330 0.49

69.2 690 5350 0.49

70.8 730 5350 0.49

72.5 720 5370 0.49

74.1 750 5490 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

2.6 90 500 0.48

3.1 90 830 0.49

3.6 100 1440 0.50

4.1 120 1500 0.50

4.6 120 1490 0.50

5.1 130 1540 0.50

5.6 130 1640 0.50

6.1 130 1590 0.50

6.6 140 1590 0.50

7.1 140 1570 0.50

7.6 160 1640 0.50

8.1 160 1650 0.50

8.6 160 1580 0.49

9.1 170 1550 0.49

9.6 170 1580 0.49

10.1 170 1550 0.49

10.6 170 1550 0.49

11.1 160 1550 0.49

11.6 160 1510 0.49

12.1 170 1540 0.49

12.6 180 1580 0.49

13.1 180 1580 0.49

13.6 180 1360 0.49

14.1 170 1260 0.49

14.6 170 1330 0.49

15.1 160 1310 0.49

15.6 170 1300 0.49

16.1 190 1310 0.49

16.6 190 1380 0.49

17.1 190 1490 0.49

17.6 200 1560 0.49

18.1 200 1540 0.49

18.6 210 1590 0.49

19.1 220 1580 0.49

19.6 210 1580 0.49

20.1 220 1580 0.49

20.6 210 1620 0.49

21.1 210 1630 0.49

21.6 220 1630 0.49

22.1 220 1640 0.49

22.6 230 1670 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(tt) (ftls) (ftls)

75.8 770 5640 0.49

77.4 770 5530 0.49

79.0 780 5250 0.49

80.7 770 5310 0.49

82.3 740 5430 0.49

84.0 780 5450 0.49

85.6 800 5550 0.49

87.2 790 5530 0.49

88.9 800 5510 0.49

90.5 790 5550 0.49

92.2 790 5550 0.49

93.8 820 5760 0.49

95.4 870 5850 0.49

97.1 880 5950 0.49

98.7 890 5950 0.49

100.4 890 5850 0.49

102.0 950 5780 0.49

103.7 950 5780 0.49

105.3 950 5760 0.49

106.9 940 5830 0.49

108.6 930 5880 0.49

110.2 900 5900 0.49

111.9 920 5880 0.49

113.5 930 5880 0.49

115.1 940 5830 0.49

116.8 930 5800 0.49

118.4 980 5800 0.49

120.1 1000 5800 0.48

121.7 1010 5730 0.48

123.3 1020 5800 0.48

125.0 1030 5780 0.48

126.6 1030 5760 0.48

128.3 1040 5800 0.48

129.9 1080 6100 0.48

131.5 1070 6130 0.48

133.2 1080 6160 0.48

134.8 1110 6100 0.48

136.5 1120 6320 0.48

138.1 1140 6350 0.48

139.7 1140 6350 0.48

141.4 1130 6240 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) (m/s)

23.1 230 1720 0.49

23.6 240 1690 0.49

24.1 240 1600 0.49

24.6 240 1620 0.49

25.1 230 1650 0.49

25.6 240 1660 0.49

26.1 240 1690 0.49

26.6 240 1690 0.49

27.1 240 1680 0.49

27.6 240 1690 0.49

28.1 240 1690 0.49

28.6 250 1750 0.49

29.1 260 1780 0.49

29.6 270 1810 0.49

30.1 270 1810 0.49

30.6 270 1780 0.49

31.1 290 1760 0.49

31.6 290 1760 0.49

32.1 290 1750 0.49

32.6 290 1780 0.49

33.1 280 1790 0.49

33.6 280 1800 0.49

34.1 280 1790 0.49

34.6 280 1790 0.49

35.1 290 1780 0.49

35.6 280 1770 0.49

36.1 300 1770 0.49

36.6 300 1770 0.48

37.1 310 1750 0.48

37.6 310 1770 0.48

38.1 310 1760 0.48

38.6 310 1750 0.48

39.1 320 1770 0.48

39.6 330 1860 0.48

40.1 330 1870 0.48

40.6 330 1880 0.48

41.1 340 1860 0.48

41.6 340 1930 0.48

42.1 350 1930 0.48

42.6 350 1930 0.48

43.1 340 1900 0.48
~.
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SCHUYLER HElM BRIDGE BORING R-Q9"'(J-14
Source to Receiver and Receiver to Receiver Analysis
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Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-2. Boring R-09-014, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(ft) (ftls) (ftls)

8.1 300 4830 0.50

9.8 250 4310 0.50

1104 260 4430 0.50

13.0 340 4370 0.50

14.7 300 4590 0.50

16.3 370 4760 0.50

18.0 370 4760 0.50

19.6 400 4830 0.50

21.2 400 4910 0.50

22.9 410 4870 0.50

24.5 450 5020 0.50

26.2 470 5060 0.50

27.8 490 5190 0.50

2904 510 5190 0.50

31.1 520 5230 0049

32.7 540 5190 0049

3404 490 5020 0.50

36.0 510 5020 0049

37.6 490 4950 0.50

39.3 480 4950 0.50

40.9 560 5100 0049

42.6 570 4910 0049

44.2 530 5060 0049

45.8 540 4370 0049

47.5 490 4370 0049

49.1 510 4220 0049

50.8 530 4280 0049

5204 560 4830 0049

54.0 610 5280 0049

55.7 630 5100 0049

57.3 630 5100 0049

59.0 620 5410 0049

60.6 660 5320 0049

62.2 660 5410 0049

63.9 670 5150 0049

65.9 690 5360 0049

67.2 690 5360 0049

68.8 720 5410 0049

70.5 740 5460 0049

72.1 740 5410 0049

73.7 760 5500 0049

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

2.5 90 1470 0.50

3.0 80 1310 0.50

3.5 80 1350 0.50

4.0 100 1330 0.50

4.5 90 1400 0.50

5.0 110 1450 0.50

5.5 110 1450 0.50

6.0 120 1470 0.50

6.5 120 1500 0.50

7.0 120 1480 0.50

7.5 140 1530 0.50

8.0 140 1540 0.50

8.5 150 1580 0.50

9.0 150 1580 0.50

9.5 160 1590 0049

10.0 160 1580 0049

10.5 150 1530 0.50

11.0 150 1530 0049

11.5 150 1510 0.50

12.0 150 1510 0.50

12.5 170 1560 0049

13.0 170 1500 0049

13.5 160 1540 0049

14.0 160 1330 0049

14.5 150 1330 0049

15.0 150 1290 0049

15.5 160 1300 0049

16.0 170 1470 0049

16.5 190 1610 0049

17.0 190 1560 0049

17.5 190 1560 0049

18.0 190 1650 0049

18.5 200 1620 0049

19.0 200 1650 0049

19.5 200 1570 0049

20.1 210 1640 0049

20.5 210 1640 0049

21.0 220 1650 0.49

21.5 220 1660 0049

22.0 230 1650 0049

22.5 230 1680 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs vo Ratio

(ft) (fUs) (fUs)

75.4 790 5650 0.49

77.0 790 5650 0.49

78.7 820 5650 0.49

80.3 850 5750 0.49

81.9 870 5750 0.49

83.6 900 5700 0.49

85.2 920 5700 0.49

86.9 910 5700 0.49

88.5 940 5810 0.49

90.1 910 5700 0.49

91.8 900 5890 0.49

93.4 910 5890 0.49

95.1 920 5970 0.49

96.7 920 5860 0.49

98.7 930 6000 0.49

100.0 960 5920 0.49

101.6 950 5920 0049

103.3 960 5890 0.49

105.2 950 5810 0049

106.5 940 5860 0049

108.2 950 5890 0049

109.8 960 5890 0049

111.5 960 6000 0049

113.1 1010 5920 0049

114.7 980 5970 0049

11604 980 6000 0049

118.0 960 5730 0049

119.7 1010 6090 0049

121.3 1010 6090 0049

122.9 1030 6210 0049

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

23.0 240 1720 0.49

23.5 240 1720 0.49

24.0 250 1720 0049

24.5 260 1750 0.49

25.0 260 1750 0.49

25.5 270 1740 0049

26.0 280 1740 0049

26.5 280 1740 0049

27.0 280 1770 0.49

27.5 280 1740 0.49

28.0 270 1790 0.49

28.5 280 1790 0.49

29.0 280 1820 0049

29.5 280 1790 0049

30.1 280 1830 0049

30.5 290 1800 0049

31.0 290 1800 0.49

31.5 290 1790 0.49

32.1 290 1770 0049

32.5 290 1790 0.49

33.0 290 1790 0.49

33.5 290 1790 0049

34.0 . 290 1830 0049

34.5 310 1800 0.49

35.0 300 1820 0049

35.5 300 1830 0049

36.0 290 1750 0049

36.5 310 1860 0049

37.0 310 1860 0049

37.5 310 1890 0.49
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SCHUYLER HElM BRIDGE BORING R..Q9..Q2·1
Source to Receiver and Receiver to Receiver Analysis
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Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-3. Boring R-09-021, S- R1 quality assurance-analysis P- andSn-wave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(ft) (ftls) (ftls)

11.8 430 3950 0.49

13.4 460 4040 0.49

15.1 490 3910 0.49

16.1 530 4340 0.49

18.3 490 4680 0.49

20.0 450 4530 0.50

21.6 440 4590 0.50

23.3 440 4530 0.50

24.9 440 4740 0.50

26.6 490 4940 0.50

28.2 530 4870 0.49

29.8 530 5040 0.49

31.5 550 4990 0.49

33.1 580 5100 0.49

34.8 560 5040 0.49

36.4 590 5150 0.49

38.0 590 5120 0.49

39.7 590 5120 0.49

41.3 600 5270 0.49

43.0 560 5270 0.49

44.6 540 5250 0.49

46.2 540 5230 0.49

47.9 540 5210 0.49

49.5 560 5310 0.49

51.2 630 5330 0.49

52.8 630 5290 0.49

54.4 600 5310 0.49

56.1 630 5350 0.49

57.7 630 5410 0.49

59.4 660 5530 0.49

61.0 750 5600 0.49

62.6 740 5580 0.49

64.3 740 5510 0.49

65.9 730 5470 0.49

67.6 700 5510 0.49

69.2 690 5550 0.49

70.8 690 5620 0.49

72.5 690 5470 0.49

74.1 690 5430 0.49

75.8 710 5470 0.49

77.4 760 5580 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) (m/s)

3.6 130 1200 0.49

4.1 140 1230 0.49

4.6 150 1190 0.49

4.9 160 1320 0.49

5.6 150 1430 0.49

6.1 140 1380 0.50

6.6 130 1400 0.50

7.1 130 1380 0.50

Uj 130 1440 0.50

8.1 150 1500 0.50

8.6 160 1480 0.49

9.1 160 1540 0.49

9.6 170 1520 0.49

10.1 180 1550 0.49

10.6 170 1540 0.49

11.1 180 1570 0.49

11.6 180 1560 0.49

12.1 180 1560 0.49

12.6 180 1610 0.49

13.1 170 1610 0.49

13.6 160 1600 0.49

14.1 170 1590 0.49

14.6 170 1590 0.49

15.1 170 1620 0.49

15.6 190 1620 0.49

16.1 190 1610 0.49

16.6 180 1620 0.49

17.1 190 1630 0.49

17.6 190 1650 0.49

18.1 200 1690 0.49

18.6 230 1710 0.49

19.1 230 1700 0.49

19.6 230 1680 0.49

20.1 220 1670 0.49

20.6 210 1680 0.49

21.1 210 1690 0.49

21.6 210 1710 0.49

22.1 210 1670 0.49

22.6 210 1650 0.49

23.1 220 1670 0.49

23.6 230 1700 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (fUs) (fUs)

79.0 770 5580 0.49

80.7 820 5550 OA9

82.3 830 5620 OA9

84.0 850 5550 OA9

85.6 880 5580 OA9

87.2 880 5670 OA9

88.9 890 5710 0.49

90.5 920 5760 OA9

92.2 930 5850 OA9

93.8 950 5880 0.49

95A 960 5880 OA9

97.1 970 5850 OA9

98.7 980 5880 OA9

100A 1000 5800 OA8

102.0 1000 5930 OA9

103.7 1020 5830 OA8

105.3 1020 5930 OA8

106.9 1030 5970 OA8

108.6 1030 5730 OA8

110.2 1040 5930 OA8

111.9 1040 5880 OA8

113.5 1040 5970 OA8

115.1 1060 5970 OA8

116.8 1060 5970 OA8

118A 1060 6030 OA8

120A 1080 5930 OA8

121.7 1090 5970 OA8

123.3 1090 5970 OA8

125.0 1100 6130 OA8

126.6 1090 6080 OA8

128.3 1050 5970 OA8

129.9 1050 5850 0.48

131.5 1110 6050 OA8

133.2 1110 6100 OA8

134.8 1140 6160 OA8

136.5 1150 6210 OA8

138.1 1160 6410 OA8

139.7 1160 6380 OA8

141.4 1160 6580 0.48

143.0 1170 6680 0.48

144.7 1180 6710 0.48

146.3 1210 6550 0.48

147.9 1200 6550 0.48

149.9 1210 6580 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

24.1 240 1700 OA9

24.6 250 1690 0.49

25.1 250 1710 OA9

25.6 260 1690 0.49

26.1 270 1700 0.49

26.6 270 1730 0.49

27.1 270 1740 0.49

27.6 280 1750 0.49

28.1 280 1780 0.49

28.6 290 1790 OA9

29.1 290 1790 0.49

29.6 300 1780 0.49

30.1 300 1790 0.49

30.6 300 1770 OA8

31.1 310 1810 0.49

31.6 310 1780 OA8

32.1 310 1810 OA8

32.6 310 1820 OA8

33.1 310 1750 OA8

33.6 320 1810 OA8

34.1 320 1790 OA8

34.6 320 1820 OA8

35.1 320 1820 OA8

35.6 320 1820 OA8

36.1 320 1840 OA8

36.7 330 1810 OA8

37.1 330 1820 OA8

37.6 330 1820 OA8

38.1 330 1870 OA8

38.6 330 1850 OA8

39.1 320 1820 OA8

39.6 320 1780 OA8

40.1 340 1840 OA8

40.6 340 1860 OA8

41.1 350 1880 0.48

41.6 350 1890 0.48

42.1 350 1950 OA8

42.6 350 1940 0.48

43.1 350 2010 0.48

43.6 360 2030 0.48

44.1 360 2040 0.48

44.6 370 2000 0.48

45.1 370 2000 0.48

45.7 370 2010 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vc Ratio

(ft) (ftls) (ftls)

151.2 1230 6490 0.48

153.2 1230 6460 0.48

154.5 1250 6520 0.48

156.1 1290 6520 0.48

157.8 1300 6580 0.48

159.4 1260 6490 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver V s Vc Ratio

(m) (m/s) (m/s)

46.1 370 1980 0.48

46.7 370 1970 0.48

47.1 380 1990 0.48

47.6 390 1990 0.48

48.1 400 2010 0.48

48.6 380 1980 0.48
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SCHUYLER HElM BRIDGE BORING R..Qa..Q22
Source to Receiver and Receiver to Receiver Analysis
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Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-4. Boring R-09-022, S - R 1 quality assurance analysis P- and SH-wave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ftls) (ftls)

8.1 320 2410 0.49

9.8 290 3540 0.50

11.4 310 3790 0.50

13.0 330 4140 0.50

15.0 360 4760 0.50

16.3 420 4910 0.50

18.0 430 4910 0.50

19.6 450 5060 0.50

21.2 520 5060 0.49

22.9 560 5150 0.49

24.5 540 5060 0.49

26.2 570 5150 0.49

27.8 580 5150 0.49

29.4 580 5150 0.49

31.1 670 5150 0.49

32.7 640 5100 0.49

34.4 600 5130 0.49

36.0 590 5040 0.49

37.6 550 4930 0.49

39.0 550 4950 0.49

40.9 570 4960 0.49

42.6 560 50BO 0.49

44.2 560 4960 0.49

45.8 540 4950 0.49

47.5 510 4870 0.49

49.1 530 4950 0.49

50.8 560 5150 0.49

52.4 610 5150 0.49

54.0 640 5150 0.49

55.7 650 5170 0.49

57.3 640 5170 0.49

58.3 630 5100 0.49

60.6 650 5170 0.49

62.2 650 5150 0.49

63.9 650 5340 0.49

65.5 690 5300 0.49

67.2 690 5360 0.49

68.8 700 5340 0.49

70.5 750 5320 0.49

72.1 740 5230 0.49

73.7 760 5190 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) (m/s)

2.5 100 730 0.49

3.0 90 1080 0.50

3.5 90 1160 0.50

4.0 100 1260 0.50

4.6 110 1450 0.50

5.0 130 1500 0.50

5.5 130 1500 0.50

6.0 140 1540 0.50

6.5 160 1540 0.49

7.0 170 1570 0.49

7.5 160 1540 0.49

8.0 170 1570 0.49

8.5 180 1570 0.49

9.0 180 1570 0.49

9.5 200 1570 0.49

10.0 200 1560 0.49

10.5 180 1560 0.49

11.0 180 1540 0.49

11.5 170 1500 0.49

11.9 170 1510 0.49

12.5 170 1510 0.49

13.0 170 1540 0.49

13.5 170 1510 0.49

14.0 170 1510 0.49

14.5 150 1480 0.49

15.0 160 1510 0.49

15.5 170 1570 0.49

16.0 190 1570 0.49

16.5 190 1570 0.49

17.0 200 1580 0.49

17.5 190 1580 0.49

17.8 190 1560 0.49

18.5 200 1580 0.49

19.0 200 1570 0.49

19.5 200 1630 0.49

20.0 210 1610 0.49

20.5 210 1640 0.49

21.0 210 1630 0.49

21.5 230 1620 0.49

22.0 230 1590 0.49

22.5 230 1580 0.49

GEOVision Report 9375-01 rev a Page 53 of 72 November 11, 2009



r-r ojeci rvur'noer uo-t L"

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ft/s) (ft/s)

75.4 770 5080 0.49

77.0 790 5130 0.49

78,7 850 5170 0.49

80.3 890 5320 0.49

81.9 920 5360 0.48

83.6 960 5460 0.48

85.2 1000 5550 0.48

86.9 1020 5600 0.48

88.5 1020 5730 0.48

90.1 1050 5780 0.48

91.8 1050 5730 0.48

93.4 1050 5630 0.48

95.1 1030 5730 0.48

96.7 1050 5730 0.48

98.3 1060 5730 0.48

100.0 1080 5730 0.48

101.0 1090 5780 0.48

103.3 1080 5860 0.48

104.9 1060 5810 0.48

106.5 990 5600 0.48

108.2 1090 5700 0.48

109.8 1130 6060 0.48

111.5 1160 6180 0.48

113.1 1160 6180 0.48

114.7 1130 6180 0.48

116.4 1120 6000 0.48

118.0 1120 6090 0.48

119.7 1130 5830 0.48

121.3 1210 6030 0.48

123.3 1310 6060 0.48

124.6 1310 6180 0.48

126.2 1280 6180 0.48

128.2 1270 5940 0.48

129.5 1230 5940 0.48

131.1 1200 5940 0.48

132.8 1160 5860 0.48

134.4 1170 5940 0.48

136.1 1230 6210 0.48

137.7 1370 6390 0.48

139.3 1470 6430 0.47

141.0 1510 6530 0.47

142.6 1420 6730 0.48

144.3 1360 6660 0.48

146.2 1350 6490 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

23.0 240 1550 0.49

23.5 240 1560 0.49

24.0 260 1580 0.49

24.5 270 1620 0.49

25.0 280 1640 0.48

25.5 290 1660 0.48

26.0 310 1690 0.48

26.5 310 1710 0.48

27.0 310 1750 0.48

27.5 320 1760 0.48

28.0 320 1750 0.48

28.5 320 1720 0.48

29.0 310 1750 0.48

29.5 320 1750 0.48

30.0 320 1750 0.48

30.5 330 1750 0.48

30.8 330 1760 0.48

31.5 330 1790 0.48

32.0 320 1770 0.48

32.5 300 1710 0.48

33.0 330 1740 0.48

33.5 340 1850 0.48

34.0 350 1880 0.48

34.5 350 1880 0.48

35.0 340 1880 0.48

35.5 340 1830 0.48

36.0 340 1860 0.48

36.5 340 1780 0.48

37.0 370 1840 0.48

37.6 400 1850 0.48

38.0 400 1880 0.48

38.5 390 1880 0.48

39.1 390 1810 0.48

39.5 380 1810 0.48

40.0 370 1810 0.48

40.5 350 1790 0.48

41.0 360 1810 0.48

41.5 380 1890 0.48

42.0 420 1950 0.48

42.5 450 1960 0.47

43.0 460 1990 0.47

43.5 430 2050 0.48

44.0 410 2030 0.48

44.6 410 1980 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(tt) (fUs) (fUs)

147.6 1300 6360 0.48

149.2 1310 6270 0.48

150.8 1280 6390 0.48

152.5 1310 6530 0.48

154.1 1310 6490 0.48

155.8 1350 6660 0.48

157.4 1460 6880 0.48

159.0 1440 6700 0.48

160.7 1310 6300 0.48

162.3 1210 5860 0.48

164.0 1250 5780 0.48

165.6 1210 5810 0.48

167.2 1190 5860 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

45.0 400 1940 0.48

45.5 400 1910 0.48

46.0 390 1950 0.48

46.5 400 1990 0.48

47.0 400 1980 0.48

47.5 410 2030 0.48

48.0 450 2100 0.48

48.5 440 2040 0.48

49.0 400 1920 0.48

49.5 370 1790 0.48

50.0 380 1760 0.48

50.5 370 1770 0.48

51.0 360 1790 0.48
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Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A:-:.5. Boring R-09-02.5, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(tt) (ftls) (ftls)

8.1 340 3260 0.49

9.8 340 3520 0.50

11.4 360 4110 0.50

13.0 370 4520 0.50

14.7 400 4470 0.50

16.3 430 4690 0.50

18.0 420 4690 0.50

19.6 450 4830 0.50

21.2 470 4810 0.50

22.9 460 5060 0.50

24.5 500 5040 0.50

26.2 550 5040 0.49

27.8 570 5230 0.49

29.4 550 5210 0.49

31.1 530 5100 0.49

32.7 510 5040 0.49

34.4 500 5080 0.50

36.0 510 5080 0.49

37.6 510 5060 0.49

39.3 510 5040 0.49

40.9 540 5060 0.49

42.6 510 5040 0.49

44.2 530 5080 0.49

45.8 540 5060 0.49

47.5 530 5060 0.49

49.1 570 5040 0.49

50.8 600 5060 0.49

52.4 660 5190 0.49

54.0 710 5230 0.49

55.7 700 5230 0.49

57.3 640 5130 0.49

59.0 660 5150 0.49

60.6 690 5320 0.49

62.2 670 5340 0.49

63.9 700 5410 0.49

65.5 750 5430 0.49

67.2 740 5430 0.49

68.8 750 5360 0.49

70.5 760 5280 0.49

72.1 780 5250 0.49

73.7 770 5210 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

2.5 100 990 0.49

3.0 110 1070 0.50

3.5 110 1250 0.50

4.0 110 1380 0.50

4.5 120 1360 0.50

5.0 130 1430 0.50

5.5 130 1430 0.50

6.0 140 1470 0.50

6.5 140 1470 0.50

7.0 140 1540 0.50

7.5 150 1540 0.50

8.0 170 1540 0.49

8.5 170 1590 0.49

9.0 170 1590 ·0.49

9.5 160 1560 0.49

10.0 160 1540 0.49

10.5 150 1550 0.50

11.0 150 1550 0.49

11.5 150 1540 0.49

12.0 160 1540 0.49

12.5 160 1540 0.49

13.0 160 1540 0.49

13.5 160 1550 0.49

14.0 160 1540 0.49

14.5 160 1540 0.49

15.0 170 1540 0.49

15.5 180 1540 0.49

16.0 200 1580 0.49

16.5 220 1590 0.49

17.0 210 1590 0.49

17.5 200 1560 0.49

18.0 200 1570 0.49

18.5 210 1620 0.49

19.0 200 1630 0.49

19.5 210 1650 0.49

20.0 230 1660 0.49

20.5 230 1660 0.49

21.0 230 1640 0.49

21.5 230 1610 0.49

22.0 240 1600 0.49

22.5 230 1590 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver V, Vo Ratio

(ft) (ftls) (ftls)

75.4 770 5320 0.49

77.0 770 5360 0.49

78.0 780 5250 0.49

80.3 810 5360 0.49

81.9 820 5300 0.49

83.6 860 5550 0.49

85.2 900 5650 0.49

86.9 930 5730 0.49

88.5 950 5650 0.49

90.1 990 5730 0.48

91.8 1000 5860 0.48

93.4 990 5920 0.49

95.1 970 5890 0.49

96.7 990 5890 0.49

98.3 1000 5920 0.49

100.0 1010 5970 0.49

101.6 1050 5920 0.48

103.3 1070 5920 0.48

104.9 1090 6000 0.48

106.5 1110 6030 0.48

108.2 1110 6030 0.48

109.8 1120 6000 0.48

111.5 1150 6090 0.48

113.1 1190 6120 0.48

114.7 1160 6150 0.48

116.4 1160 6030 0.48

118.0 1180 6000 0.48

119.7 1170 5970 0.48

121.3 1190 5920 0.48

122.9 1250 6120 0.48

124.6 1310 6240 0.48

126.2 1330 6460 0.48

127.9 1300 6360 0.48

129.5 1310 6390 0.48

131.1 1280 6270 0.48

132.8 1350 6490 0.48

134.4 1410 6730 0.48

136.1 1380 6730 0.48

137.7 1240 6660 0.48

139.3 1170 6490 0.48

141.0 1170 6490 0.48

142.6 1190 6560 0.48

144.3 1260 6430 0.48

145.9 1330 6660 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver V, Vn Ratio

(m) (m/s) (m/s)

23.0 230 1620 0.49

23.5 240 1640 0.49

23.8 240 1600 0.49

24.5 250 1640 0.49

25.0 250 1610 0.49

25.5 260 1690 0.49

26.0 270 1720 0.49

26.5 280 1750 0.49

27.0 290 1720 0.49

27.5 300 1750 0.48

28.0 310 1790 0.48

28.5 300 1800 0.49

29.0 300 1790 0.49

29.5 300 1790 0.49

30.0 310 1800 0.49

30.5 310 1820 0.49

31.0 320 1800 0.48

31.5 330 1800 0.48

32.0 330 1830 0.48

32.5 340 1840 0.48

33.0 340 1840 0.48

33.5 340 1830 0.48

34.0 350 1860 0.48

34.5 360 1860 0.48

35.0 350 1870 0.48

35.5 350 1840 0.48

36.0 360 1830 0.48

36.5 360 1820 0.48

37.0 360 1800 0.48

37.5 380 1860 0.48

38.0 400 1900 0.48

38.5 410 1970 0.48

39.0 400 1940 0.48

39.5 400 1950 0.48

40.0 390 1910 0.48

40.5 410 1980 0.48

41.0 430 2050 0.48

41.5 420 2050 0.48

42.0 380 2030 0.48

42.5 360 1980 0.48

43.0 360 1980 0.48

43.5 360 2000 0.48

44.0 380 1960 0.48

44.5 410 2030 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(ft) (ftls) (ftls)

147.6 1380 6660 0.48

149.2 1450 6730 0.48

150.8 1550 7030 0.47

152.5 1610 7030 0.47

154.1 1490 6700 0.47

155.8 1420 6150 0.47

157.4 1330 6000 0.47

159.0 1320 5700 0.47

160.7 1280 5600 0.47

162.3 1330 5680 0.47

164.0 1320 5600 0.47

165.6 1360 5630 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) (m/s)

45.0 420 2030 0.48

45.5 440 2050 0.48

46.0 470 2140 0.47

46.5 490 2140 0.47

47.0 450 2040 0.47

47.5 430 1870 0.47

48.0 410 1830 0.47

48.5 400 1740 0.47

49.0 390 1710 0.47

49.5 410 1730 0.47

50.0 400 1710 0.47

50.5 420 1720 0.47
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Earth Mechanics Inc. Project Number 06-123

SCHUYLER HElM BRIDGE BORING R..Q9..Q28
Source to Receiver and Receiver to Receiver Analysis

It ]

I'?

120 ~-+-+-t..,...".'+-t-t-+-+--t-+-+--t-+-+-+-+-+-+-i-+-+-i-+-+-t-t--tlii-l.I.l-Ft--+-~--1

I~
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o 1000 2000 3000 4000 5000
VELOCITY (Ws)

6000 7000

Figure A-5. Boring R-09-028, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A:6.Boring R-09-028, S - R1 quality assurance analysis p~ and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(tt) (fUs) /fUs)

8.1 370 2440 0.49

9.8 370 3660 0.49

11.4 350 4590 0.50

13.0 350 4490 0.50

14.7 410 4400 0.50

16.3 400 4650 0.50

18.0 420 4760 0.50

19.6 470 4720 0.49

21.2 520 4670 0.49

22.9 510 4690 0.49

24.5 540 4670 0.49

26.2 550 4780 0.49

27.8 570 4950 0.49

29.4 660 4980 0.49

31.1 690 4930 0.49

32.7 610 4910 0.49

34.4 570 4870 0.49

36.0 550 4670 0.49

37.6 520 4780 0.49

39.3 550 4760 0.49

40.9 600 4950 0.49

42.6 590 4870 0.49

44.2 570 4950 0.49

45.8 580 5000 0.49

47.5 570 5040 0.49

49.1 600 5020 0.49

50.8 670 5100 0.49

52.4 690 5130 0.49

54.0 730 5250 0.49

55.7 780 5250 0.49

57.3 780 5210 0.49

59.0 790 5300 0.49

60.6 800 5230 0.49

62.2 830 5250 0.49

63.9 870 5230 0.49

65.5 890 5390 0.49

67.2 880 5390 0.49

68.8 890 5320 0.49

70.5 890 5360 0.49

72.1 890 5340 0.49

73.7 890 5390 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

2.5 110 740 0.49

3.0 110 1120 0.49

3.5 110 1400 0.50

4.0 110 1370 0.50

4.5 120 1340 0.50

5.0 120 1420 0.50

5.5 130 1450 0.50

6.0 140 1440 0.49

6.5 160 1420 0.49

7.0 160 1430 0.49

7.5 160 1420 0.49

8.0 170 1460 0.49

8.5 170 1510 0.49

9.0 200 1520 0.49

9.5 210 1500 0.49

10.0 190 1500 0.49

10.5 170 1480 0.49

11.0 170 1420 0.49

11.5 160 1460 0.49

12.0 170. 1450 0.49

12.5 180 1510 0.49

13.0 180 1480 0.49

13.5 170 1510 0.49

14.0 180 1530 0.49

14.5 170 1540 0.49

15.0 180 1530 0.49

15.5 200 1560 0.49

16.0 210 1560 0.49

16.5 220 1600 0.49

17.0 240 1600 0.49

17.5 240 1590 0.49

18.0 240 1610 0.49

18.5 250 1590 0.49

19.0 250 1600 0.49

19.5 260 1590 0.49

20.0 270 1640 0.49

20.5 270 1640 0.49

21.0 270 1620 0.49

21.5 270 1640 0.49

22.0 270 1630 0.49

22.5 270 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftls) (ftls)

75.4 890 5480 0.49

77.0 900 5500 0.49

78.7 860 5430 0.49

80.3 830 5460 0.49

81.9 800 5320 0.49

83.6 730 5210 0.49

85.2 730 5190 0.49

86.9 730 5340 0.49

88.5 760 5410 0.49

90.1 850 5460 0.49

91.8 980 5630 0.48

93.4 1030 5810 0.48

95.1 1010 5700 0.48

96.7 960 5460 0.48

98.3 950 5480 0.48

100.0 940 5630 0.49

101.6 1030 5780 0.48

103.3 1090 6030 0.48

104.9 1120 6090 0.48

106.5 1120 6090 0.48

108.2 1030 5970 0.48

109.8 1030 6000 0.48

111.5 1030 5940 0.48

113.1 1030 5970 0.48

114.7 1030 6120 0.49

116.4 1110 6060 0.48

118.0 1080 6120 0.48

119.7 1080 6090 0.48

121.3 1010 6000 0.49

122.9 1030 6090 0.49

124.6 1090 6090 0.48

126.2 1110 6120 0.48

127.9 1160 6330 0.48

129.5 1210 6560 0.48

131.1 1230 6700 0.48

132.8 1280 6730 0.48

134.4 1340 6660 0.48

136.1 1360 6560 0.48

138.0 1330 6300 0.48

139.3 1330 6270 0.48

141.0 1310 . 6060 0.48

142.6 1310 5920 0.47

144.3 1300 5780 0.47

145.9 1360 5700 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

23.0 270 1670 0.49

23.5 270 1680 0.49

24.0 260 1660 0.49

24.5 250 1660 0.49

25.0 250 1620 0.49

25.5 220 1590 0.49

26.0 220 1580 0.49

26.5 220 1630 0.49

27.0 230 1650 0.49

27.5 260 1660 0.49

28.0 300 1720 0.48

28.5 310 1770 0.48

29.0 310 1740 0.48

29.5 290 1660 0.48

30.0 290 1670 0.48

30.5 290 1720 0.49

31.0 310 1760 0.48

31.5 330 1840 0.48

32.0 340 1860 0.48

32.5 340 1860 0.48

33.0 310 1820 0.48

33.5 310 1830 0.48

34.0 310 1810 0.48

34.5 310 1820 0.48

35.0 310 1860 0.49

35.5 340 1850 0.48

36.0 330 1860 0.48

36.5 330 1860 0.48

37.0 310 1830 0.49

37.5 310 1860 0.49

38.0 330 1860 0.48

38.5 340 1860 0.48

39.0 350 1930 0.48

39.5 370 2000 0.48

40.0 370 2040 0.48

40.5 390 2050 0.48

41.0 410 2030 0.48

41.5 410 2000 0.48

42.1 400 1920 0.48

42.5 410 1910 0.48

43.0 400 1850 0.48

43.5 400 1800 0.47

44.0 400 1760 0.47

44.5 410 1740 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R"09-028

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (fUs) (fUs)

147.6 1360 5750 0.47

149.2 1370 5700 0.47

151.2 1360 5600 0.47

152.5 1350 5580 0.47

154.1 1360 5550 0.47

155.8 1350 5390 0.47

157.4 1340 5410 0.47

159.0 1370 5430 0.47

160.7 1350 5410 0.47

162.3 1360 5630 0.47

164.0 1360 5650 0.47

165.6 1370 5650 0.47

167.2 1360 5700 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

45.0 410 1750 0.47

45.5 420 1740 0.47

46.1 410 1710 0.47

46.5 410 1700 0.47

47.0 410 1690 0.47

47.5 410 1640 0.47

48.0 410 1650 0.47

48.5 420 1660 0.47

49.0 410 1650 0.47

49.5 410 1720 0.47

50.0 410 1720 0.47

50.5 420 1720 0.47

51.0 410 1740 0.47
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APPENDIX B

BORING GEOPHYSICAL LOGGING
SYSTEMS - NIST TRACEABLE CALIBRATION
PROCEDURES AND CALIBRATION RECORDS
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EDISON ESr' Calibration Report

IIUJt:Lll\lUrnUer UO-ILJ

Page 1 of 4

IIIIIIIIIWIII" m~~lililillllllllli
573794

Metrology
7300 Fenwick Lane
Westminster, ell 92683

roll Free: 866-723-2257

GEOVision Geophysical Services
1124 Olympic Drive

Corona, CA 92881-3390

Lab Code: 105014-0

Manufacturer:
Model Number:
Description:
Asset Number:
Serial Number:
Cal. Procedure:
PO Number:

Oyo
3403
Unit, Suspension Telemetry

160023
160023
Customer

9200-090716-01

Ambient Temperature:
Ambient Humidity:
Condition As Found:
Condition As Left:
Calibration Date:
Calibration Due Date:
Calibration Interval:

23° C
56% RH
In Tolerance

In Tolerance - No Adjustment

07/17/2009
07/17/2010

12 Months

Remarks:
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SeE Document MO13987. The data can be found on pages 2 and 3 of this report with the original observation data on page 4.

Standards Utilized

S1-01252 Hewlett Packard 5335A OPT 010,203040 Counter, Universal 01/29/2009 07/29/2009

S1-01347 Hewlett Packard 3325A Generator, Function, Synthesizer 05/04/2009 11/04/2009

S1-03686 Fluke 910 Standard, Frequency, Controlled, Gps 01/24/2009 01/24/2010

714-895-0714

Title

Metrologist~.:.~nson, C~'aig A _.V>fI.__ .__.. .---'- _
Nnlllc-

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report reiate only to the
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014·0, and in compliance with ISOIIEC 17025:2005, ANSIINCSL Z540·1-1994 and 10CFR50, Appendix B. Where uncertainties are provided,
the uncertail(\¥:8{}ted is~he exp,a:rfed uncertainty of the measurement, where k=2.
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Page 2 of4

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

Test No. 573794
N 160023Asset o.

Out CALIBRATIONSTEP FUNCTION NOMlNAL
AS FOUND AS LEFT of

TOLERANCENUM TESTED VALUE Tol
--I--

49.50 to 50.50 HzCHHN
Frequency 50.00 Hz 50.00 Same

[EMU 0.000250]Sine Wave

99.0 to 101.0 Hz
I 100.0 Hz 100.0 Same

[EMU 0.000500]
--

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same

[EMU 0.001000]
------ --------

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same

[EMU 0.002500]
------

990 to 1010 Hz
I 1000 Hz 1000 Same

[EMU 0.005000]
._._.-----

1980 to 2020 Hz
I 2000 Hz 2000 Same

[EMU 0.010000]
._--_.._--_.

CHHR 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave ._-

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500] ---_...r--.

198.0 to 202.0 HzI 200.0 Hz 200.0 Same
[EMU 0.001000]

495.0 to 505.0 HzI 500.0 Hz 500.0 Same
[EMU 0.002500]

- .-1-----

990 to 1010 HzI 1000 Hz 1000 Same
[EMU 0.005000]

--

1980 to 2020 HzI 2000 Hz 2000 Same [EMU 0.010000]
----------.._-----

CHV 49.50 to 50.50 Hz
Frequency 50.00 Hz 50.00 Same

{EMU 0.000250]Sine Wave _.----------

99.0 to 101.0 HzI 100.0 Hz 100.0 Same [EMU 0.000500]
-----------

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same {EMU 0.001000]

----_..

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same

[EMU 0.002500]
---._-_._- --

Remarks:

MlU1Cnts CPM: Version 2.2,2 {Prcfessionnl]

Src DUT:(954BAF3D-C74D-4C9F-AEEF-1TEF560BC45J) (c)

Doc DUT:{ABTOF47E-4C5F-465D-9ICB-A05A 71E361CI} (0)

ATTACHMENT 2
Page 1 of2

Customer
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Test No. 573794
Asset No. 160023

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

, , ....J ..........~ •• \,.I, , .......... , ........ • .........

Page 3 of4

STEP FUNCTION NOMINAL Out CALIBRATION
AS FOUND AS LEFT of

NUM TESTED VALUE Tol TOLERANCE
-----

CHV 990 to 1010 Hz
Frequency 1000 Hz 998.9 Same
Sine Wave [EMU 0.005000]

----- --- _.,--

I 2000 Hz 2000 Same
1980 to 2020 Hz
[EMU 0.010000]

-------------- --

f---

--

I--- -------

----- --

------ -----_.,,-,. ~.-

---_. '-..-------- 1---- .----------

-- --

---

1------_.------

I

--

------ --------

------ f---- --- I-- -------_._-.

-----'--- .---------
Remarks:

MI/{/ClI!S CPM: Version 2.2.2 (Professio/lal)

Src DU/: {9548AF3D-C74D-4C9F-AEEF-21 EF560BC451} (c)

Dae DU/: {AB10F47E·4C5F-4650-91CB-A05A72E361Cl} (a)
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SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.:
Serial no.:
By:

Counter mfg.:
Serial no.:
By:

Oyo
160023
Craig Branson

Hewlett-Packard
2626A09881
SCE #S1-01252

3403
7/17/2009
7/17/2010

5335A
1/29/2009
7/29/2009

Hewlett-Packard
2652A25647
SCE #S1-01347

Signal generator mfg.:
Serial no.:
By:

SYSTEM SETTINGS:
Gain:
Filter
Range:
Delay:
Stack (1 std)
System date = correct date and time

8
10KHz
See sample period in table below
o

7/17/2009

3325A
5/4/2009
1114/2009

/010(

PROCEDURE:
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as
.sps file. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*100)% As found -0. (1'/ As left

Target Actual Sample File Time for Average Time for Average Time for Average
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 9 cycles Frequency

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr (Hz) V (msec) V (Hz)
50.00 50.00 200 401 I So, 00 ;;-0,00 /8 O.D O )"0,00 / 'i$o. 00 5'0 00

100.0 100.0 100 402 '1000 100.0 <:te>.oo 100.0 '10. DO 1&0. -0

200.0 200.0 50 403 ,,£t;.oo 2... o o .D L( '5'.00 c..t!)o.o t-/5.oe> l-t'&>.o
500.0 500.0 20 404 I ~,oo t;;oo.o I ~.OO 5'00.0 1&.00 ;>0°.0
1000 1000 10 405 q,ooo /000 CJ.ooo 1000 '1.°10 qqx. q
2000 2000 5 406 4.?oo 2.000 t...(.5'00 LOBO "'(.,00 ;;L6DO

Calibrated by: Craig Branson
Name

7/17/2009
Date Signature

Witnessed by: Robert Steller 7/17/2009
Name Date

Suspension PS Seismic Recorder/Logger Calibration Data Form

~6L--
Signature

Rev 2.0 July 21 , 2008
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Calibration Report
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Page 1 of 4

I111111 1IIIJltlnmnrlllllnllllllllli
573795

Metrology
7300 Fenwick Lane
Westminster, CA 92683
Toll Free: 866-7'23-2257

GEOVision Geophysical Services
1124 Olympic Drive

Corona, CA 92881-3390

Lab Code: 105014-0

Manufacturer:
Model Number:
Description:
Asset Number:
Serial Number:
Cal. Procedure:
PO Number:

Oyo
3403

Unit, Suspension Telemetry

160024

160024

Customer

9200-090716-01

Ambient Temnerature:
Ambient Humidity:
Condition As Found:
Condition As Left:
Calibration Date:
Calibration Due Date:
Calibration Interval:

23° C

56% RH
In Tolerance

In Tolerance - No Adjustment

07/17/2009

07/17/2010
12 Months

Remarks:
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SCE Document M013987. The data can be found on pages 2 and 3 of this report with the original observation data on page 4.

01/29/2009 07/29/2009Counter, Universal

Standards Utilized
~

5335A OPT 010,203040Hewlett PackardS1-01252

S1-01347 Hewlett Packard 3325A Generator, Function, Synthesizer 05/04/2009 11/04/2009

S1-03686 Flul<e 910 Standard, Frequency, Controlled, Gps 01/24/2009 01/24/2010

Phone

714-895-0714

Tille

MetrologistB_ra_n_so_n_,_C_ra_ig_p.-Cl?:-_'S ----'=_

Nnmc

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014-0, and in compliance with ISO/lEG 17025:2005, ANSIINGSL Z540-1-1994 and 10GFR50,Appendix B. Where uncertainties are provided,
the uncerta~~cWJted i~the eX8anded uncertainty of the measurement, where k=2.
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Test No. 573795
Asset No 160024

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

'IUJt'L.ll'lUIIIUtl UU-IL.J

Page 2 of 4

NOMINAL Out CALIBRATIONSTEP FUNCTION
AS FOUND AS LEFT of

NUM TESTED VALUE Tol TOLERANCE
--

CHHN 49.50 to 50.50 Hz
Frequency 50.00 Hz 50.00 Same

[ElVIU 0.000250]Sine Wave
-

Same
99.0 to 101.0 Hz

I 100.0 Hz 100.0
[EMU 0.000500]

---._.._-

Same
198.0 to 202.0 HzI 200.0 Hz 200.2
[ElVIU 0.001000]

- - _.-f-------- 1--.•----

Same
495.0 to 505.0 Hz

I 500.0 Hz 500.0
[ElVIU 0.002500]

f--

Same
990 to 1010 Hz

I 1000 Hz 1000
[EM:U 0.005000]

----

Same
1980 to 2020 HzI 2000 Hz 2000
[EMU 0.010000]

----- -
CHHR 49.50 to 50.50 Hz

Frequency 50.00 Hz 50.00 Same
[ElVIU 0.000250]Sine Wave

---e----

Same
99.0 to 101.0 Hz

I 100.0 Hz 100.0
[EMU 0.000500]

--------.

Same
198.0 to 202.0 Hz

I 200.0 Hz 200.0 [EM:u 0.001000]
------------------_._----

Same
495.0 to 505.0 HzI 500.0 Hz 500.0
[ElVIU 0.002500]

-_._--

Same
990 to 1010 HzI 1000Hz 1001

[EM:u 0.005000]
---

Same
1980 to 2020 HzI 2000Hz 2000
[EM:u 0.010000]

-- _. -------"-----
CHV 49.50 to 50.50 Hz

Frequency 50.00 Hz 50.00 Same
[EMU 0 .000250]Sine Wave

-----1---------

Same
99.0 to 101.0 Hz

I 100.0 Hz 100.0
[ElVIU 0.000500]

- ---.-._-_._-

Same
198.0 to 202.0 Hz

I 200.0 Hz 200.0 [EMU 0.001000]
-----

Same
495.0 to 505.0 Hz

I 500.0 Hz 500.0 [EM:u 0.002500]
--

Remarks:

, Mue/en/s ('PM: Version 2.2.2 (Professtonot)

SI'C DUI: {9548AF3D-C74D-4C9F-AEEF-2IEF560BC45J} (c)

Doc DUl: {1169COB]-3AJ3-41M-8IBF-409D9887DDDA} (o)
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Test No. 573795
Asset No. 160024

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry, Page 3 of4

STEP FUNCTION NOMINAL Out CALIBRATION
AS FOUND AS LEFT of

NUM TESTED VALUE Tol TOLERANCE
1--_.. ._.

CHV 990 to 1010 Hz
Frequency 1000 Hz 1000 Same
Sine Wave [EMU 0.005000]

I- ..-

j 2000 Hz 2000 Same
1980 to 2020 Hz
[EMU 0.010000]

-~--- -------

--

.... -

f-. - .._--------- _..- ._-

1-. -- ---

1----_.._-t---.------- ._...----_.

---- .. ----------_._-

---_. --

- ._--_.--..

.. ...-

1--"

1---- ._----_ ..-

----- -_._-- - ..

--- _..1 ____.... - ... _.----_. .... -

Remarks:

Mllt/en/s CPM: Version 2.2.2 (ProfessiQll(11)

Srt: DU/: (9548"FJD·C74D.4C9F.AEEF·2IEF560BC45I) (c)

Doc DU/: (/269COBJ.3AI3-416A·BIBF-409D9887DDDA) (0)
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Customer
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/ {p 06-Jz.:q-··~-(Q- ~_~__,=(::~i

57 31 q 5G
g~NJiph{j$iC@,l eeroieee

SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.:
Serial no.:
By:

Counter mfg.:
Serial no.:
By:

Oyo
160024
Craig Branson

Hewlett-Packard
2626A09881
SCE #S1-01252

3403
7/17/2009
7/17/2010

5335A
1/29/2009
7/29/2009

Hewlett-Packard
2652A25647
SCE #S1-01347

Signal generator mfg.:
Serial no.:
By:

SYSTEM SETTINGS:
Gain:
Filter
Range:
Delay:
Stack (1 std)
System date = correct date and time

8
10KHz
See sample period in table below
o
1
7/17/2009

3325A
5/4/2009
11/4/2009

PROCEDURE:
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG .EXE program, note duration on data form, and save as
.sps file. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*1 00)% As found 0. /0 'I. As left o (0"1

Target Actual Sample File Time for Average Time for Average Time for Average
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 9 cycles Frequency

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr (Hz) V (msec) V (Hz)
50.00 50.00 200 501 1'90 so '0.00 13°,00 ')0.00 1819, ae» yo, DO

100.0 100.0 100 502 90.00 IOD,o q f>.00 100.0 9o.o~ 1°0 , 0

200.0 200.0 50 503 ty '-t. '15' 2. 00, 'L ~5".oo zoo. O. 45".00 Zoo,'O
500.0 . 500.0 20 504 / 'a' ,"0 5'c 40.0 ( 'if .00 ;'=.0 J '8. D 0 'DO. 0

1000 1000 10 505 cr,O()O 1000 9,9"'to I a o I q,ooo /000

2000 2000 5 506 '-{, :;00 2-00 0 L_( ;;00 2.000 4,5'00 Zooo

Witnessed by: Robert Steller 7/17/2009
Name Date

Calibrated by: Craig Branson
Name

7/17/2009
Date Signature

@~
Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 July 21, 2008

GEOVision Report 9375-01 rev a Page 72 of 72 November 11, 2009



APPENDIXC.

LABORATORY SOIL TEST RESULTS



I~ AP Engineering & Testing, Inc.

MOISTURE AND DENSITY TEST RESULTS

Client Name: Earth Mechanics, Inc. Laboratory No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date: 11/18/09

Project Number: 06-123-03

Boring Sample Sample Moisture Dry Density
No. No. Depth (ft.) Content (%) (pet)

R-09-036 8-03 15 43.6 NA

R-09-036 0-06 30 32.2 91.8

R-09~036 0-08 40 32.8 89.5

R-09-036 8-09 45 38.7 NA

R-09-036 8-11 55 28.4 NA

R-09-036 0-12 60 36.7 91.0

R-09-036 . 8-13 65 25.2 NA

R-09-036 0-14 70 36.9 97.2

R-09-036 8-15 75 14.6 NA



AP Engineering & Testing, Inc.

POCKET PENETROMETER DATA

Client Name:

Project Name:

Project Number:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

Laboratory No.:

Oate:

29-1121

11/17/09

Boring Sample Depth Pocket
No. No. (feet) Penetrometer (tsf)

R-09-036 0-02 10 0.53

R-09-036 0-04 20 0.33

R-09-036 U-05 25 1.00

R-09-036 0-06 30 0.67

R-09-036 0-08 40 1.75



AP Engineering & Testing, Inc.

PERCENT PASSING NO. 200 SIEVE

Client Name:
Project Name:
Project Number:

Boring
No.

R-09-036
R-09-036
R-09-036
R-09-036
R-09-036
R-09-036
R-09-036

Earth Mechanics, Inc.
ACTA Heim Bridge Replacement
06-123-03

Sample
No.
8-01
8-03
0-06
8-07
8-09
8-11
8-13

Laboratory No.:
Date:

Sample
Depth (ft)

5
15
30
35
45
55
65

29-1121
11/18/09

Percent Fines
(%)

75.38
79.26
32.51
21.13
80.15
45.51
14.11

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:

Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE COARSEI MEDIUM FINE

SIEVE OPENIN~ I I
SIEVE NUMBER HYDROMETER

1\

1\

#30 #50 #100 #200#8#10#16
~

#4

90 +H--H--i-+-I--I---J-++-H-I-+--t--l--++++++-1-+--t--+Klt.4--i-+-1--'\.-I---J-+-J-H-I-t_t-t____--I

80 +H-H-H--I--I---J-+++-I-I-t--r--l--++++++-1-+--t--+H--H\--i-+-I--I-~_t+-J-H-I-t_t-t________I

l
I
5:2 70 +f+-H--i-+-1--f---1++H--I-f-+--I---+ ++-+-+-+--i-+----IH-H-H\-I-+--+--+'4+++-+-+-f-----j
W
S
~ 60 +f+-H--i-+-1--f---1++H--I-l--+--I---++++++-+-+-+---H+-H--1-+1.--I--f---I+--I-N--I-t--t-t___--I

CJ
Z

~ 50 +f+-H--i-+-1--I-----1++-H--I-l--+--I---++++++-+-+-+--+f+-H--i-+~-f---1++H---t--R;J--t-t___--I
«
0...
I
Z 40 +f+-H--i-+-1--f---1++H--I-l--+-I---++++++-+-+-+--+f+-H--i-+-1--~--1++H--I-f----'"'1""""=:-t___--I
W
o
0::

~ 30

20 +H--H--I-+-+----+--H+-I-'I-I--I----+-I-----!++-+++-+--+--I----H-i--H--I-+-+----+--F=tlold-I-I--i---i---i--------I

0.0010.010.1

PARTICLE SIZE (mm)

10

o +f+-H--i-+-1--f---1++H--I-f--f---I---++++++-+-+-+----l++-H--i-+-1--f---1+--H-I--I-t___I---+-------j

100

Symbol Boring No. Sample Sample
No. Depth

(feet)
Gravel

Percent

Sand Fines

Atterberg Limits Soil Type
LL:PL:PI ASTM

D 2487

o R-09-036 U-05 25 0.00 9.35 90.65 NIP ML

D R-09-036 D-10 50 0.00 0.16 99.84 56:29:27 CH



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM 04318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03------------

Tested By: ..:;D'-'-K-"-- _
Checked By: _A_P _

Date: 11/24/09
Date: 12/01/09

1/
/

V
y V

CL

......V
/ MH orCH

-/(~I CL-ML I

I I

60

50

a:X 40
w
Cl
:z
>- 30
I-
U
i=
~ 20
...J
c..

10

o
o 10 20 30 40 50 60 70 80 90 100

LIQUID LIMIT (LL)

PROCEDURE USED ,
I

.. I

--- ...... I
i--.o.

I

D Wet Preparation

[2U Dry Preparation

[2U Procedure A

Multipoint Test

D Procedure B
One-point Test

60

~ 55
....
<::
.&
<::
0 50o
e
:l....
.!!l
0 45::iE

40

10 25

Number of Blows
100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

• R-09-036 0-02 10 47 24 23 CL

R-09-036 U-05 25 NP NP NP

* NP denotes "non-plastic"



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: ,..:0...:.6_-1...:.2,;,..;.3_-0...:3'-- _

Tested By: _D_K _
Checked By: ..:.-A:,;..P _

Date: 01/06/10
Date: 01/08/10

MH ore H

CL

50 -j----j-----t----t----t----+----j-----t---j__--c/'j----I

60 -,..---...,.----,.-----,----.,-----.-----,-------,---,..---.,....----,

ii:
><40 -1---+---+----1----j----I----t-----+-.,,;'-----t----jj----1
w
c
z
>- 30 -/-----j----I----i----I----I----I.'----j---j-----j-----I
l-
e::;
i=
~ 20 -1----f-----1----I------i---4""-1----I------I-----f----jj----1
...J
a..

10 -I---+----j-----t--c/~-t----+---+--_t----j---j__--I

:":1 _MI I MLorO

10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 90 100

PROCEDURE USED
50 -.--------,--i---,..---;---,.--.,---,--.,---,--,

D Wet Preparation

25 100

Number of Blows

1------j---1-..........-'i-....--+-+----i--+---I-+-f...

30 +,-----+--+--I-----i--!---I--+--I-+---1

10

~ 45 -1---4ll:::::---t--t---+---j----t--+--+-+-I-1

'E
Q)

'E
8 40 -/------!---I---j-"----j--t---I---j--f-+-I

~
:::l....
.!!!
~ 35 -I-----j__-t---t---j--t-_t--t--t-+-J

D Procedure B

One-point Test

[2S] Dry Preparation

[2S] Procedure A

Multipoint Test

Symbol Boring
Number

Sample
Number

Depth
(feet)

LL PL PI U.S.C.S
Symbol

R-09-036 D-04 20 42 28 14 ML



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: -=0..::.6~-1:..::2:..::.3.....:-0:....:3 _

Tested By: WJO....:;..;;..:.....:e- _

Checked By: _A_P _
Date: 01/05/10
Date: 01/08/10

CL

60 -r---.,.---,----,-----,----r----,------;----;;----,-----,

50 -I----j----j-------r----j----I----I----+----t--.,.j------I

~ 40 -I----j----j-------r----j----I----f----+----,..,,=---t---j------I
><w
Cl
z
~ 30 -I---I__--I__--I__--I__--II------:~--I__--I__--I__-__l

C3
i=
~ 20 -1---+----I---+----!-------"""-I----+----I-----f---I------1
...J
0..

CL.ML I

10

PROCEDURE USED

D Wet Preparation

o Dry Preparation

o Procedure A

Multipoint Test

D Procedure B

One-point Test

20 30 40 50 60 70 80

LIQUID LIMIT (LL)

40 -

~ 35 -Q

....
c
.2!
c
0 30 -o
e
::l....
.!Q
0 25a ...... ,.........

A..
20 ,

10 25

Number of Blows

90 100

I

100

Symbol Boring Sample
Number Number

R-09-036 S-09

Depth
(feet)

45

LL

24

PL

19

PI

5

U.S.C.S
Svmbol

CL-ML

* NP denotes "non-plastic"



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03---'----'---------

Tested By: DK-----
Checked By: ..:..A.;;,;..P _

Date: 11/24/09
Date: 12/01/09

MH orC H

/v
V

YCL

50 -I---+----+----+----I----I----I-----+----+--~r__-___I

60 ,----,..----....,----,-----,-----.----..,..------,---,..----.,.------,

~ 40 -1---,---+----+----1----1----\----1----:;;....=--+-----"1----1
><w
Cl
z
;:: 30 +----+----+----+----+----l------.!o~-__+---\----+----I
I-
C3
i=
~ 20 -1---+-----/-----+----1----7""'-1----1-----+----+---1---1
..J
n,

CL-MI I

I

10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 90 100

v_

25 100

Number of Blows

60 -1----__+--1--+--1---+--+--+-+-1--1

70 ,------,.--\---;----,--,--..,..--;-;--.,--,

55 -1----__+--'-1--=;-......._-1---1--+--+-+-1--1

65 -\-----__+--+--+--1---+--1---+-+-1--1

50 -J-,-----+--4---+---+--!---+--+-_+_~

10

PROCEDURE USED

D Wet Preparation

~
~ Dry Preparation

.....
c
Q)

'E
0

~
o

Procedure A Q)...
:::l

Multipoint Test
.....
til
'0
a

D Procedure B

One-point Test

Symbol

•
Boring

Number

R-09-036

Sample
Number

D-10

Depth
(feet)

50

LL

56

PL

29

PI

27

U.S.C.S
Svmbol

CH



~ AP Engineering & Testing, Inc.

SPECIFIC GRAVITY
ASTM 0854

AP Number: 29-1121

Client: Name: Earth Mechanics, Inc. Tested By: KM Date: 11/24/09

Project Name: ACTA Heim Bridge Replacement Data Input By: KM Date: 11/30109

Project No. : 06-123-03 Checked By: AP Date: 11/30109

BORING NUMBER R-09-036

SAMPLE NUMBER U-05

DEPTH (FT) 25

SOIL CLASSIFICATION Silt

METHOD (A OR B) B

FLASK NUMBER 1

Wf. FLASK+WATER+SOIL, 9 385.76

TEMPERATURE, °C 19.5

CORRECTION FACTOR 1.0001

Wf. DRY SOIL, 9 37.81

Wf. FLASK + WATER, 9 249.36

% RETAINED #4 0.00

% PASSING #4 100.00

MATERIAL EXCLUDED None

SPECIFIC GRAVITY (GS,20' C ) I 2.68 II II II II II I

2607 Pomona Boulevard. Pomona, California 91768
Tel. (909) 869-6316, Fax (909) 869-6318



~~i.·
- - AP Engineering & Testing, Inc.

CORROSION TEST RESULTS

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date 11/18/09

Project No.: 06-123-03

Boring Sample Depth Soil Type Minimum pH Sulfate Content Chloride Content
No. No. (ft) Resistivity (ohm-ern) (ppm) (ppm)

R-09-036 S-03 15 ML 150 8.0 1187 12774

R-09-036 S-09 45 ML 190 7.7 680 9790

NOTES: Resistivity Test and pH: California Test Methods 532 and 643

Sulfate Content California Test Method 417

Chloride Content: California Test Method 422

ND =Not Detectable

NA =Not Sufficient Sample

NR =Not Requested

2607 Pomona Boulevard, Pomona, CA 91768
Tel. (909) 869-6316 Fax. (909)869-6318



~~> ••

AP Engineering & Testing, Inc.

UNCONSOLIDATED UNDRAINED TRIAXIAL TEST (UU,Q)
ASTM D 2850

Client Name: Earth Mechanics, Inc. Tested By: KK Date: 11/18/09

Project Name: ACTA Heim Bridge Replacement Checked by: AP Date: 12/02/09

Project No.: 06-123-03

Boring No.: R-09-036

Sample No.: U-05 Depth (feet): 25

Soil Description Gray Silt w/shell Sample Type: Shelby

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 111.7

Sample Hieght (inch): 6.0 Dry Unit Weight (pcf): 78.6

Sample Weight (gms): 1142.84 Moisture Content (%): 42.1

Wt. Wet Soil+Container(gms) 1351.61 Void Ratio for Gs=2.7: 1.14

Wt. Dry Soil+Container(gms) 1010.90 % Saturation: 99.5

Wt. Container (gms) 202.38

TEST DATA
Deviator Axial

Cell Pressure (ksf): 1.15 Load Def. Area Stress Strain

Back Pressure (ksf): 0.0 (Ibs) (inch) (sq.in) (ksf) (%)

Eff. Confining Pressure (ksf): 1.15 0 0.000 6.49 0.00 0.00

Shear Rate (%/min): 0.3 9 0.005 6.50 0.20 0.08

Maximum Deviator Stress (ksf): 1.7 11 0.010 6.50 0.24 0.17

Ultimate Deviator Stress (ksf): 1.7 15 0.020 6.51 0.33 0.33

Ultimate Undrained Shear Strength (ksf): 0.8 17 0.025 6.52 0.38 0.42

Axial Strain @ Maximum Stress (%) 16.67 18 0.030 6.52 0.40 0.50

22 0.060 6.56 0.48 1.00

2.0 31 0.090 6.59 0.68 1.50

1- 34 0.120 6.62 0.74 2.00

37 0.150 6.66 0.80 2.50

-~
........._- 45 0.200 6.72 0.96 3.33

1.5 50 0.250 6.77 1.06 4.17

/ 56 0.300 6.83 1.18 5.00
c
en 63 0.350 6.89 1.32 5.83.l<:

en

I 65 0.400 6.96 1.35 6.67en
Q.l

ii5 1.0 . 70 0.450 7.02 1.44 7.50
...

!
74 0.500 7.08 1.50 8.330-ca
75 0.550 7.15 1.51 9.17's

Q.l

o 81 0.600 7.21 1.62 10.00

0.5 83 0.650 7.28 1.64 10.83

( 85 0.700 7.35 1.67 11.67

86 0.750 7.42 1.67 12.50;
87 0.800 7.49 1.67 13.33

88 0.850 7.56 1.68 14.17
0.0

0 5 10 15 20 90 0.900 7.64 1.70 15.00

Axial Strain (%) 91 0.950 7.71 1.70 15.83

92 1.000 7.79 1.70 16.67



I~·~--- - AP Engineering & Testing, Inc.

MOISTURE AND DENSITY TEST RESULTS

Client Name: Earth Mechanics, Inc. Laboratory No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Oate: 12/17/09

Project Number: 06-123-03

Boring Sample Sample Moisture Dry Density
No. No. Depth (ft.) Content (%) (pef)

R-09-037 B-OO 0-2 13.7 NA

R-09-037 8-01 5 46.8 NA

R-09-037 0-02-2 10.5 61.1 61.8

R-09-037 8-03 15 49.2 NA

R-09-037 0-05-2 25.5 42.3 78.4

R-09-037 0-08-2 40.5 32.1 90.3

R-09-037 8-09 45 34.9 NA

R-09-037 0-10-1 50 25.0 100.1

R-09-037 8-11 55 32.3 NA

R-09-037 0-12-1 60 32.9 89.0

R-09-037 0-14 70 23.2 78.2

R-09-037 0-16-1 80 23.5 100.2



Ao..~
~ ~~ "Ii::- - AP Engineering & Testing, Inc.

POCKET PENETROMETER DATA

Client Name:

Project Name:

Project Number:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

Laboratory No.:

Date:

29-1121

12/18/09

Boring
No.

R-09-037

Sample
No.

U-06

Depth
(feet)

30

Pocket
Penetrometer (tsf)

1.00



.. AP Engineering & Testing, Inc.

PERCENT PASSING NO. 200 SIEVE

Client Name: Earth Mechanics, Inc. Laboratory No.: 29-1121
Project Name: ACTA Heim Bridge Replacement Date: 12/21/09
Project Number: 06-123-03

Boring Sample Sample Percent Fines
No. No. Depth (ft) (%)

R-09-037 8-01 5 77.72
R-09-037 0-02-2 10.5 72.38
R-09-037 8-7 35 71.57
R-09-037 0-10-1 50 41.77

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:

Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

GRAVEL

COARSE I FINE

I
SIEVE OPENING

SAND

~OARSE I MEDIUM FINE

I I
SIEVE NUMBER

SILT OR CLAY

HYDROMETER

3" 2111%" 111%" %11%'1 #4

100 ~

" '" ~ 'I IIIII
90 I

80

f-
I
C) 70
W
S
>- 60OJ
C)
Z
Cf) 50Cf)

~
0-
f-
Z 40w
U
0:::
W 300-

20

10

a
100 10

#8#10#16 #30 #50 #100 #200
n:L ~ .......

\
\

0.1

PARTICLE SIZE (mm)

0.01

I'
~,

0.001

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type
No. Depth

Gravel Sand Fines
LL:PL:PI ASTM

(feet) D 2487

0 R-09-037 8-00 0-2 5.22 51.45 43.33 NIA SM

D R-09-037 S-03 15 0.00 0.67 99.33 48:29:19 ML

t::,. R-09-037 U-06 30 0.12 46.69 53.19 NIP ML



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:
Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement
06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE COARSEI MEDIUM FINE

I
SIEVE OPENING

I I
SIEVE NUMBER HYDROMETER

I~
"'eJ

0.0010.01

#30 #50 #100 #200

0.1

PARTICLE SIZE (mm)

#8#10#16
~ ~- -

311 2"1%:11 111%" %"%11

O+H-H--t--r_t_--+--+t+f---r+-+--t-j------+--H-1-t-+-+-+--+---tH--H-+-+-+--+--+t-+-l-I-I---+-+--+--=-------J

100 10

90 +H-H--I-I--t--j---tt+H-+-t-I-j------+-H--t-+-+-f-+--+---iIt.~~-H--t--r_t_-j----H-+H-+-t-I-t______j

10 +H-H--t--r_t_--+--+t+t-r+-+--t-j------j--H-1--1-r-+-+--+---tH--H---/-I--+--I-"""""'r-H-H"'NA--j-t__-j------j

20 +H+t-+-I--+--l----H+f--H-+-I-t----1++-1-H-f-+_-1--+H++-++--\+---~--H+f--H--J----!"';'==.,....j;'j-J

~~\
~~

80 +++++--H--+----I---t++H-f-t-f-f-----++H-H-+-+-+--\-'\!...H1i'1++-I--+----I---t++H-f-t-f-+------1

i 70 ++H-I-++-+--J--++H-+-++--I-'I----+++++-H--+-l--\~ld-.l,l+++-I--+---+H-++H-f-+---I
En 60 ++++t-++-+--l----H+f--l-I-+-I-t----1++-1-H-+-+_-I---f\'-f--l-lt\t---+-f---l----H+f--I-I-_I_f--_I____l
C)
z
~ 50 ++++t-++-+--I-~-H+f--I-I-+-I-t----1++-1++-1-+_-1---++1,++-\-1--UL--l----H+f--I-I-_I_j-+____l
«
0..
f-
Z 40 +H-H--t--f-_t_--+--+t+t-r+-+--t-j------j--H-1-t-+-+-+--+---tH-H.--H+-+--+>r--+t+t-r+-+-j----j------j
ill
o
0:::

~ 30+H+t-+-I--+--l----H+f--I-I-+-I-t----1++-1++-+-+_-1--+H++-+'I-f---l-----i'1"'d--I-I-_I_+--+----I

NIP ML

Atterberg Limits Soil Type
LL:PL:PI ASTM

D 2487

Percent

Sand Fines

20.21 79.790.00

Gravel

40

Sample
Depth 1-:,..----,-.,--:---,---r--~--__1

(feet)

o R-09-037 D-08-2

Symbol Boring No. Sample
No.

D R-09-037 S-09 45 0.00 31.82 68.18 28:20:8 CL

c: R-09-037 S-11 55 0.00 52.51 47.49 NIA SM



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:

Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE

I
SIEVE OPENING

pOARSE I MEDIUM I FINE

I I
SIEVE NUMBER HYDROMETER

3" 2"1%" 1"%" %"%" #4 #8#10#16 #30 #50 #100 #200

,
\

\

90 -++++t-+-+-+--j---+t+HH-+-t-I-------l+f'rl-I--+-+-+--\--+++++-+--+-+--+--+t-t+-1H-+-t-t----I

80 +t+++--I--+-+---+---H-+-HH-+-+-I----f+H-In---l-+--I---t++++-+-+-+---+---H-+-H--I-+-+-+__--1

20 +t+-H-+--+--f--t---J+-I-H-+-+-+--I--I-+J-+++-~-\I--!-*--++++++--+~--+---+++H--l-+----J-+----I

10 -+++++-+--+-+--+--+l-+I-H--+-f-l--l+H-f-+--l-+-*------H-I+++-+-l--+-\,;"""N~H---l-I----_l_--i

"\11

~ 70 ~ N+t+-H-1-+-+---+---H-+-HH-+-+-I----f+H+-,-,,~,-I-H----+iliH+-+-I--+--+---HH+--H-+-t--+---I
W

i 60 \

~ w ~
~ 40 \

g: 30 -+++++--J-f--+--+--+l-+I-H--+-f-l--l+H-f-+-f-I+--+\----H-I+++-flH--+--H+f-H---i--:I----_l_--i

n\
~ ~

~
0.0010.010.1

PARTICLE SIZE (mm)

10

o +t++-l--I--+-+---+---H-+HH-+-+-I-----f+H-+-+--I-+--I---H-+-H-+-I--+--+---H-+f-H-I---l-+__--1

100

Percent

Sand Fines

36.44 63.560.00

Gravel

Sample Atterberg Limits Soil Type
Depth I----,----,---~--l LL:PL:PI ASTM
~~ D~~

o R-09-037 D-12-1

Symbol Boring No. Sample
No.

D R-09-037 D-14 70 0.00 97.04 2.96 N/A SP

R-09-037 D-16-1 80 0.32 85.82 13.86 N/A SM



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03-'----:;;;.,,;,.....;..,,;;..--------

Tested By:
Checked By:

WJO
AP

Date: 12/18/09
Date: 12/31/09

60 -.------...,..---....,----,-----,-----r-----,-----:---~--.___-__,

MH arCH

/v
V

YCL

50 -1---+----j----+----+----I----+--__i_--__j--7'-l----1

10 +----j----+----+-~"'--_t_---I---__i_--__j---l__--+_-__/

c::X 40 -I---+----j----+----+----I----+--__i_----:~__j---l----I
w
Cl
z
;: 30 +----j----j----f-----f----I------J..r---j---f----+_--I
l
t>
i=
~ 20 -/----j----j----f-----f----...~I-----i----j---l----+_--I
a.

CL-MLI

I
ML or OL

10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 90 100

50 -I----A""""--=---l--J---i----i---j---+-+--+--+-l

45 -I-----t--f---+---+--+---+-+--+-+--;

55 +-----l----t----t----tr---+-----t-t----t--+-I

10025

Number of Blows

40 -f-,-----1-----iI---+---+---+-+_-+-+-+--i

10

PROCEDURE USED

D Wet Preparation

~

0 Dry Preparation 'E
.&
c:
0

0 o
Procedure A E!

:l

Multipoint Test
....
.!!!
0
a:

D Procedure B

One-point Test

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

R-09-037 D-02-2 10.5 NP NP NP

A R-09-037 S-03 15 48 29 19 ML

* NP denotes "non-plastic"



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03------------

Tested By:
Checked By:

WJO
AP

Date: 12/18/09
Date: 12/31/09

V
/V

/'
YCL

60 -r---.,----,------;----;----.-----,---,------;---,-----,

50 -I---t----+----+----!----I---_+---I----____I---:;/-t---___j

a::;< 40 -I---t----+----+----!----I---_+---I--------o~____I---I___-___j
W
o
z
>- 30 -/----+-----/----+----+---I---~~-__I-----+_--+----I

I- VU
i=
~ 20 +---+----+----l----f---:;/'~"'-I---_+--_1__--____I--___1'-------1
...J
ll.

MH orOH

CL-MLI

I

PROCEDURE USED

10

D Wet Preparation

[TI Dry Preparation

[TI Procedure A

Multipoint Test

D Procedure B
One-point Test

20 30 40 50 60 70 80

LIQUID LIMIT (LL)

50

~ 45
....
c
.E!c
0 40 -o
2! .......
.a <,

.!!l
0 35 - ....
a <,

.......

30 ,

10 25

Number of Blows

90 100

100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

R-09-037 0-05-2 35.5 35 27 8 ML

R-09-037 U-06 30 NP NP NP

* NP denotes "non-plastic"



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM 04318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03------------

Tested By: ...,;.W_J::-O"--__
Checked By: _A_P _

Date: 12/18/09
Date: 12/31/09

60 .-----,----.,.------,-----r------.-----,.----,---,----;-------,

CL

~ 40 -1----\----+----+----1-----I---_+--~----:~___l---j__-___l
><
W
Cl
Z

;: 30 +---+----+-----+----+----I-------J.~-__I---1__--+---1
I-
C3
i=
~ 20 -I----\----+---_+_--_I_-~"'-I---_+----+--___l---j__--I
....I
a.

MH orOH

10 -I----\-----I--~_+_-~'---_I_--_I_--_+--~--___l---j__-___l

CL-MLI

I
ML orOL

10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 90 100

25 -I-------ll---+-~----l-_I__+--I---+_+_-l

35 +------\---+---lI---1---_+_---l-I--I--+-1

40 .------;---+---;;---;----;----;-,.....,---;-~

....

10025

Number of Blows

20 +-----+---+---'e---!---+----+-~~-4

10

30 ,-------:,.----\---+-----II---1---_+_---l-I--I--+-1

PROCEDURE USED

D Wet Preparation
~e

0 Dry Preparation
....
l::
,Sl
l::
0

0
o

Procedure A e
::l

MUltipoint Test
....
.~
0

::iE

D Procedure B

One-point Test

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

R-09-037 D-08-2 40.5 NP NP NP

A R-09-037 S-09 45 28 20 8 CL

* NP denotes "non-plastic"



- AP Engineering & Testing, Inc.

SPECIFIC GRAVITY
ASTM 0854

AP Number: 29-1121

Client: Name: Earth Mechanics, Inc. Tested By: KM Date: 12/23/09

Project Name: ACTA Heim Bridge Replacement Data Input By: KM Date: 12/26/09

Project No. : 06-123-03 Checked By: AP Date: 12/26/09

BORING NUMBER R-09-037
SAMPLE NUMBER U-06
DEPTH (FT) 30

SOIL CLASSIFICATION
Sandy Silt

(ML)

METHOD (A OR B) B
FLASK NUMBER 1
'NT. FLASK+WATER+SOIL, 9 393.20
TEMPERATURE,oC 18.4
CORRECTION FACTOR 1.0003
'NT. DRY SOIL, 9 47.95
'NT. FLASK + WATER, 9 249.36
% RETAINED #4 -0.00
% PASSING #4 100.00

MATERIAL EXCLUDED None

SPECIFIC GRAVITY (GS•20 ' C ) I 2.85 II

" " "
II I

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318



I~ AP Engineering & Testing, Inc.

CORROSION TEST RESULTS

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date 12/09109

Project No.: 06-123-03

Boring Sample Depth Soil Type Minimum pH Sulfate Content Chloride Content
No. No. (ft) Resistivity (ohm-em) (ppm) (ppm)

R-09-037 0-01 5 ML 65 7.5 518 2257

NOTES: Resistivity Test and pH: California Test Methods 532 and 643

Sulfate Content California Test Method 417

Chloride Content: California Test Method 422

NO =Not Detectable

NA =Not Sufficient Sample

NR =Not Requested

2607 Pomona Boulevard, Pomona, CA 91768
Tel. (909) 869-6316 Fax. (909)869-6318



i.~
AP Engineering & Testing, Inc.

UNCONSOLIDATED UNDRAINED TRIAXIAL TEST (UU,Q)
ASTM D 2850

Client Name: Earth Mechanics, Inc. Tested By: KK Date: 12/18/09

Project Name: ACTA Heim Bridge Replacement Checked by: AP Date: 01/01/10

Project No.: 06-123-03

Boring No.: R-09-037

Sample No.: U-06 Depth (feet): 30

Soil Description Gray Sandy Silt w/shell Sample Type: Shelby

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 121.9

Sample Hieght (inch): 6.0 Dry Unit Weight (pcf): 93.3

Sample Weight (gms): 1247.25 Moisture Content (%): 30.7

Wt. Wet Soil+Container(gms) 1348.76 Void Ratio for Gs=2.7: 0.81

wt. Dry Soil+Container(gms) 1056.77 % Saturation: 102.8

Wt. Container (gms) 105.01

TEST DATA
Deviator Axial

Cell Pressure (ksf): 1.15 Load Def. Area Stress Strain

Back Pressure (ksf): 0.0 (Ibs) (inch) (sq.in) (ksf) (%)

Eff. Confining Pressure (ksf): 1.15 0 0.000 6.49 0.00 0.00

Shear Rate (%/min): 0.3 12 0.005 6.50 0.27 0.08

Maximum Deviator Stress (ksf): 1.3 16 0.010 6.50 0.35 0.17

Ultimate Deviator Stress (ksf): 1.3 22 0.020 6.51 0.49 0.33

Ultimate Undrained Shear Strength (ksf): 0.7 24 0.025 6.52 0.53 0.42

Axial Strain @ Maximum Stress (%) 14.17 25 0.030 6.52 0.55 0.50

30 0.060 6.56 0.66 1.00

2.0 34 0.090 6.59 0.74 1.50

35 0.120 6.62 0.76 2.00
1.8 -

2.5039 0.150 6.66 0.84

1.6 44 0.200 6.72 0.94 3.33

48 0.250 6.77 1.02 4.17

1.4 52 0.300 6.83 1.10 5.00
.;:- ... ... --III -? - - ...... 54 0.350 6.89 1.13 5.83~

-; 1.2 -

~ 58 0.400 6.96 1.20 6.67III

,,)Ql
"- 60 0.450 7.02 1.23 7.50en 1.0

I"- 63 0.500 7.08 1.28 8.330

~ 0.8- 65 0.550 7.15 1.31 9.17rQl
Cl 66 0.600 7.21 1.32 10.00

0.6 t 66 0.650 7.28 1.31 10.83

0.4 - 67 0.700 7.35 1.31 11.67

67 0.750 7.42 1.30 12.50
0.2 69 0.800 7.49 1.33 13.33

70 0.850 7.56 1.33 14.17
0.0

0 5 10 15 20 70 0.900 7.64 1.32 15.00

Axial Strain (%) 70 0.950 7.71 1.31 15.83

70 1.000 7.79 1.29 16.67



AP Engineering & Testing, Inc.

COMPACTION TEST

ST
29-1121
12/29/09
12/31/09
01101/10

AP Number:
Date:

Date: _,=:",,---,-_

Date:
KM
AP

0.5-3.5

Tested By:
Calculated By: _---.:...;;,,;,;,.__
Checked By: __-'--__

Depth (ft.): _..;;,,;,.:......::..:..;;;,_

Client: Earth Mechanics, Inc.
Project Name: ACTA Heim Bridge Replacement
Project No. : ..;;0..;:.6-...;1.::;2.=.3-..;;0..;:.3 _
Boring No.: R-09-037-:-::--:------------Sample No. : .::;B.::;B_-O;..;O~ _

Visual Sample Description: Grayish Brown Silty Sand

METHOD
MOLD VOLUME (CU.FT)

Trial No.

Wt. Camp. Soil + Mold (gm.)

Wt. of Mold (gm.)

Net Wt. of Soil (gm.)

A
0.0333

1

3781

1762

2019

Compaction Method ~ ASTM 01557
ASTM D698

Preparation Method Moist
X Dry

2 3 4 5 6

3856 3777 3649

1762 1762 1762

2094 2015 1887

Container No.

Wt. of Container (gm.)

Wet Wt. of Soil + Cant. (gm.)

Dry Wt. of Soil + Cant. (gm.)

Moisture Content (%)

Wet Density (pet)

Dry Density (pet)

Maximum Dry Density (pcf) I
Maximum Dry Density wI Rock Correction (pcf) I

103.90

1103.00

1029.49

7.94

133.50

123.68

126.0 1

127.9 II

103.80 104.60 104.80

1207.90 904.90 873.83

1096.36 805.79 831.81

11.24 14.13 5.78

138.49 133.27 124.82

124.50 116.76 118.00

Optimum Moisture Content (%)11 10.0
II10.2Optimum Moisture Content wI Rock Correction (%)1 I

4030

100% Saturation Line]
@ assumed Gs I

I\,

20

Moisture (%)

\

1\ \.
\ ..

10

I\.

I
,.,
t

I

100 +-,--L---'-.!--..!..--+--'-----'----'----'-i---'----..!-..::--'---'----I----'--'---'---'--!

o

110 -\--+--I--+---+-+-I--+--+--+--"+--+---I---I-1---+--+--+---+--I--t
\

\

1\ ,

130 -\--+--1--+---+-+-.-1--+--+--+--+--+---1---1-1---+--+--+---+--1-1

'5
8
.?;>
.~ 120 f-+--I--I-J4-+-~+-=-:-+--l--f--+-I---I-j---+--l--+--+--t-1
OJ
o
e
o

Assumed Specific Gravity = D1J
PROCEDURE USED

[8) METHOD A: Percent of Oversize: 5.9%

Soil Passing No.4 (4.75 mm) Sieve

Mold: 4 in. (101.6 mm) diameter

Layers: 5 (Five)

Blows per layer: 25 (twenty-five)

May be used if No.4 retained < 20%o METHOD B: Percent of Oversize: NA

Soil Passing 3/8 in. (9.5 mm) Sieve

Mold: 4 in. (101.6 mm) diameter

Layers: 5 (Five)

Blows per layer: 25 (twenty-five)

Use if + No.4 > 20% and - 3/8 in < 20%o METHOD C: Percent of Oversize: NA

Soil Passing 3/4 in. (19.0 mm) Sieve

Mold: 6 in. (152.4 mm) diameter

Layers: 5 (Five)

Blows per layer: 56 (fifty-six)

Use if + 3/8 in >20% and +3/4 in <30%



1£.-- AP Engineering & Testing, Inc.

R-VALUE TEST DATA
ASTM D2844

Project Name: ACTA Heim Bridge ReplacemeTested By: ST Date: 12/29/09

Project Number: 06-123-03 Computed By: KM Date: 12/31/09

Boring No.: R-09-037 Checked By: AP Date: 12/31/09

Sample No.: BB-OO Depth (ft.): 0.5-3.5

Location:

Soil Description: Grayish Brown Silty Sand

Mold Number A B D

Water Added, q 40 35 45

Compact Moisture(%) 18.0 17.5 18.5

Compaction Gaqe Pressure, psi 160 200 120

Exudation Pressure, psi 216 458 168

Sample Heiqht, Inches 2.5 2.5 2.5

Gross Weiqht Mold, q 3078 3074 3081

Tare Weiqht Mold, q 1970 1969 1971

Net Sample Weiqht, q 1108 1105 1110

Expansion, inchesxl O? 6 12 0

Stability 2,000 (160 psi) 29/60 23/50 47/108

Turns Displacement 4.14 3.95 4.06

R-Value Uncorrected 50 58 23

R-Value Corrected 50 58 23

Dry Density, pcf 113.8 114.0 113.5

Traffic Index 8.0 8.0 8.0

G.E. bv Stabilitv 0.84 0.71 1.31

G.E. bv Expansion 0.20 DAD 0.00

100

90

80

70
R-Value by Exudation = 54 w 60

:::> -R-Value by Expansion = N/A -l »>--c 50
Equilibrium R- Value = 54 > /,

40
(by Exudation)

n:::
30

20 •
Remarks: Gf = 1.5 10

3.7 % Retained on the %" 0

0 100 200 300 400 500 600 700 800

EXUDATION PRESSURE - PSI

2607 Pomona Blvd, Pomona, CA 91768, Tel (909)869-6316 Fax (909) 869-6318
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AP Engineering & Testing, Inc.

VERTICAL STRESS (ksf)

0.1 1 10 100

0 1

;-... r-..
Il~

5
<,

(j) <,
Ul "(].I

IIi\.c:
..!I::
U ":t:
I- 10 - "-(].I r\.0.
E "-III .~CJ)- \.0- r\.c: 15(].I ,
o....

"-(].I
IIe:. --.... i-o... \z I....... ......1 I '\0

i=
20

-ioooi-II~ ~« ............... 1\o
:J ............... "-0
CJ) """"1~ ..... \.z F'" "- "-0
o

25

30 I

-G-At Field Moisture -e-After Saturation

Boring No. R-09-037 Initial Dry Unit Weight (pet): 68.6--
Sample No.: 0-02-1 Initial Moisture Content (%): 54.2--
Depth (feet): 10 Final Moisture Content (%): 44.8--
Sample Type: Cal. Mod. Assumed Specific Gravity: 2.7--
Soil Description: Silt with sand Initial Void Ratio: 1.46--
Remarks:

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03
ASTM D 2435 Date: 12/28/2009

APNo: 29-1121



0.35 d
1_-- --~~

~

0.345 - ')~
-,

l~
(j) i\
m
.c ,
u
e. -;Ol

0.34c
'111\:a

co
m ll.0::

co i'-.hI0

0.335 - ra-... ...;--f-dI

~

0.33 -

0.1 10 1000

Time (minutes)

Boring No. : R-09-037 Sample Type: Cal. Mod.
Sample No.: 0-02-1 Soil Description: Silt with sand
Depth (feet): 10 Vertical Pressure (ksf): 1

Test Condition: Saturated

Time (minutes) Dial Reading (inches)

0.1 0.3485
0.25 0.348

0.5 0.3475

1 0.3465

2 0.3453
4 0.3435
8 0.3416
15 0.3399

30 0.3384

60 0.3371
120 0.3356
240 0.3348
480 0.3343
1440 0.3332

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM 02435 Date: 11/30/09
AP No: 29-1121 Figure No:



0.35

0.348 I
11-

0.346
d!~

•
0.344·

Ui •<ll

\s:
<J

:§, 0.342
~OJ

c

\:a
m 0.34<ll ,0::

co
i:5 -0.338· -,

0.336
<,

r---
I11II/I-.

---0.334 - r--- --
0.332·

0 10 20 30 40 50

Square root Time (minutes)

Boring No. : R-09-037 Sample Type: Cal. Mod.
Sample No.: 0-02-1 Soil Description: Silt with sand
Depth (feet): 10 Vertical Pressure (ksf): 1

Test Condition: Saturated

SQRT Time (minutes) Dial Reading (inches)

0.3162 0.3485

0.5000 0.3480

0.7071 0.3475

1.0000 0.3465

1.4142 0.3453

2.0000 0.3435
2.8284 0.3416

3.8730 0.3399

5.4772 0.3384

7.7460 0.3371

10.9545 0.3356

15.4919 0.3348

21.9089 0.3343

37.9473 0.3332

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/30/09
AP No: 29-1121 Figure No:



0.3
I

0.29 - --. --r--
IL

<,

0.28 - III
UJ 'lI(J)
s: i\to

§.
Cl 0.27c:a
ttl I\.Q)

0:: ....
co ""-is <,0.26 -

Ill...

I.........

0.25 r- hi!
-..........

0.24 -

0.1 10 1000

Time (minutes)

Boring No. : R-09-037 Sample Type: Cal. Mod.
Sample No.: 0-02-1 Soil Description: Silt with sand
Depth (feet): 10 Vertical Pressure (ksf): 4

Test Condition: Saturated

Time (minutes) Dial Reading (inches)
0.1 0.292
0.25 0.2898
0.5 0.288
1 0.285
2 0.2812
4 0.2762
8 0.2701

15 0.2644

30 0.2596
60 0.256
120 0.2535
240 0.2513
480 0.2486
1440 0.2461

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/30/09
AP No: 29-1121 Figure No:
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0 10 20 30 40 50

Square root Time (minutes)

Boring No. : R-09-037 Sample Type: Cal. Mod.

Sample No.: 0-02-1 Soil Description: Silt with sand
Depth (feet): 10 Vertical Pressure (ksf): 4

Test Condition: Saturated

SQRT Time (minutes) Dial Reading (inches)

0.3162 0.2920

0.5000 0.2898

0.7071 0.2880

1.0000 0.2850

1.4142 0.2812

2.0000 0.2762

2.8284 0.2701
3.8730 0.2644

5.4772 0.2596

7.7460 0.2560
10.9545 0.2535

15.4919 0.2513

21.9089 0.2486

37.9473 0.2461

Project Name:ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/30/09
APNo: 29-1121 Figure No:
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VERTICAL STRESS (ksf)
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Boring No. R-09-037 Initial Dry Unit Weight (pet): 78.3--
Sample No.: D-5A Initial Moisture Content (%): 44.3

Depth (feet): 25 Final Moisture Content (%): 38.8--
Sample Type: Cal. Mod. Assumed Specific Gravity: 2.7--
Soil Description: Sandy Silt Initial Void Ratio: 1.15--
Remarks:

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03
ASTM D 2435 Date: 12/28/2009

AP No: 29-1121
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Boring No. : R-09-037 Sample Type: Cal. Mod.
Sample No.: D-5A Soil Description: Sandy Silt
Depth (feet): 25 Vertical Pressure (ksf): 1

Test Condition: Saturated

Time (minutes) Dial Reading (inches)
0.1 0.385
0.25 0.3845
0.5 0.384
1 0.3834
2 0.3832
4 0.383
8 0.3827

15 0.3824
30 0.3821
60 0.3817
120 0.3812
240 0.3809
480 0.3806
1440 0.3802

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/30109
AP No: 29-1121 Figure No:
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Boring No. : R-09-037 Sample Type: Cal. Mod.
Sample No.: D-5A Soil Description: Sandy Silt
Depth (feet): 25 Vertical Pressure (ksf): 1

Test Condition: Saturated

SQRT Time (minutes) Dial Reading (inches)
0.3162 0.3850
0.5000 0.3845
0.7071 0.3840
1.0000 0.3834
1.4142 0.3832
2.0000 0.3830
2.8284 0.3827
3.8730 0.3824
5.4772 0.3821
7.7460 0.3817
10.9545 0.3812
15.4919 0.3809
21.9089 0.3806
37.9473 0.3802

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/30/09
APNo: 29-1121 Figure No:
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Boring No. : R-09-037 Sample Type: Cal. Mod.

Sample No.: D-5A Soil Description: Sandy Silt

Depth (feet): 25 Vertical Pressure (ksf): 4

Test Condition: Saturated

Time (minutes) Dial Reading (inches)

0.1 0.3538

0.25 0.3498

0.5 0.3478

1 0.346

2 0.3448

4 0.344

8 0.3432

15 0.3424

30 0.3415

60 0.3406
120 0.3397

240 0.3389

480 0.3377

1440 0.3366

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/30109
AP No: 29-1121 Figure No:
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Boring No. : R-09-037 Sample Type: Cal. Mod.
Sample No.: D-5A Soil Description: Sandy Silt
Depth (feet): 25 Vertical Pressure (ksf): 4

Test Condition: Saturated

SQRT Time (minutes) Dial Reading (inches)

0.3162 0.3538

0.5000 0.3498

0.7071 0.3478

1.0000 0.3460

1.4142 0.3448
2.0000 0.3440
2.8284 0.3432
3.8730 0.3424

5.4772 0.3415

7.7460 0.3406
10.9545 0.3397
15.4919 0.3389

21.9089 0.3377
37.9473 0.3366

Project Name: ACTA Heim Bridge Replacement

CONSOLIDATION CURVE Project No.: 06-123-03

ASTM D 2435 Date: 11/30109
APNo: 29-1121 Figure No:



SUMMARY OF LABORATORY TEST RESULTS

PROJECT NAME: ACTA Heim Bridge Replacement

PROJECT NO.: 06-123-03

DATE: 12/29/2009

EGL JOB NO. : 09-230-008B

CLIENT: Earth Mechanics, Inc.

SUMMARIZED BY: JT

BORING
No.

A-09-101
A-09-101
A-09-102
A-09-102
A-09-103

SAMPLE
No.

B-01
0-03
B-01
0-04
B-01

DEPTH
(ft)

2.0
10.0
0.0
10.0
2.0

MOISTURE
CONTENT

ASTM
02216

(%)

6.5
5.1
10.3

DRY
DENSITY

ASTM
02937
(PCF)

%PASSING
#200

ASTM
01140

(%)
14.6

~

27.6

16.7

ATIERBERG
LIMIT
ASTM
04318

~ (LL,PL,PI)*
I"'" ,,'····'i·

"

A-09-103
A-09-104
A-09-104
A-09-105
A-09-106
A-09-106
A-09-107
A-09-107
A-09-108
A-09-108
A-09-109
A-09-109
A-09-110
A-09-110
A-09-110
A-09-111

S-02-2
B-01
0-03
B-01
B-01
0-03
B-01
S-03
B-01
0-04
B-01
S-02
B-01

S-03-1
0-04
B-01

5.5
2.0
10.0
0.0
4.0
10.0
0.0
5.0
0.0
10.0
1.0
5.0
0.0
5.0
10.0
0.0

41.4
. . . ...• ..,..... '" ' ....

15.7
h\ -.:;.•••

28.7
33.8

41.3

34.3
":".'<.'

19.0
31.3

.,.' . -. 11.0 •••..•..,.............. •.... '..........••
103.4 ••••...•.....•.•... \ ....•. >'< ...... :"

13.5 ~••,'." ••. ".".""""'"

14.8
A-09-111
A-09-112

0-04
B-01

10.0
0.0 22.8

A-09-112
A-09-113
A-09-113
A-09-114
A-09-114

S-03
B-01

0-04-2
B-01
S-03

5.0
0.0
10.6
0.0
5.0 9.7

20.7

20.2

.....

NP
'OF.':

38,24,14
i'.' '...... '> ••• :•••••('•

. i'· "-'l
*LL1PL1PI - Liquid Limit, Plastic Limit, Plasticity Index



SUMMARY OF LABORATORY TEST RESULTS
EXPANSION INDEX

PROJECT NAME:ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008B

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 12/18/2009 SUMMARIZED BY: JT

EXPANSION

BORING SAMPLE DEPTH INDEX

NO NO (ft) ASTM

D 4829

A-09-106 B-01 4 44



GRAVEL I SAND SILT OR CLAY
ICOARSE FINE COARS MEDIUM FINE I

lJ.R RTANDARD RIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER

3" 1-')6" :y.;" 3/8" #4 #10 #20 #40 #100 #200

~

~II" II I~ III I
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ill
S

60>-

I
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100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

SYMBOL
BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY

No. No. (FT) TYPE TYPE LIMIT INDEX

0 A-09-106 B-01 4 Bulk CL 30 10

Project Name:

~:{~~\~;:~:~:i ENVIRONMENTAL
ACTA Heim Bridge Replacement

...~. GEOTECHNOLOGY"::.'...... ,.......
Client: Earth Mechanics, Inc.tt····· ....r LABORATORY.........r--- Job No: 06-123-03
EGL Project No: 09-230-008B

GRAINSIZE
DISTRIBUTION CURVE

12/29/09 (ASTM 0422) FIGURE



, ,
..--_ ... -1- -------- - -- -- ---;- ---- -- - ----~ ---- _. ------ --. -- ---- ._~ ------ --- --- .--- ---;-- --.---. - .- ...--- - _. -_. --_. -------- --~ "-- -.---.

: 1 i i j
" ,
" ,
" ," ,
" ," ,

l ' ·····,t ·.c

130" : :

3530252015105

\..c ;. ....: L.. . ~ .

" ':: :

90 -r---'----1--~--ir__----l.-___'+----'---+--'---l---'----+-~2::..,~

o

100 1-t---j--~---1f-----+--f---i---I------+-~~~~,,---+---i--1

Moisture Content %

Boring No: A-09-106

Maximum Dry Density = 118.5 pcf
Sample: B-01

Depth : 4 feet

Optimum Moisture Content = 14 %
Description: Sandy clay eCL), dark brown

ACTA Heim Bridge ReplacementEnvironmental
Geotechnolo
Laborator

Modified Proctor

Client Name:

Job No:

EGL Project No.:

Earth Mechanics, Inc.

06-123-03

09-230-008B

(ASTM D1557) Date: Dec-09 Figure
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Moisture Content %

BoringNo: A-09-110

Maximum DIy Density = 130.5 pcf
Sample: B-O1

Depth : 0 feet
Description: Silty sand (SM), brown with

some gravel
Optimum Moisture Content = 8.5 %

Environmental
...... Geotechnolo

~~~

Laborator
Modified Proctor

(ASTM D1557)

Client Name:

Job No:

EGL Project No.:

Date: Dec-09

Earth Mechanics, Inc.

06-123-03

09-230-008B

Figure
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Exudation Pressure (psi)

Expansion
Horizontal

Sample Exudation
Test Compaction Density Moisture Pressure R- R-Value
No. Pressure (psi) (pcf) (%)

Pressure
(psi) @

Height Pressure
Value Correction

(psi)
160 psi

(in) (psi)

1 150 111.3 16.1 0.45 67 2.57 143 42 43

2 200 112.5 15.2 1.27 60 2.53 381 48 48

3 220 113.8 14.3 2.09 51 2.51 780 56 56

Test Name and Method:
Boring No: A-09-106 Resistance R-Value and Expansion Pressure - Cal Test 301
Sample No: B-01 @4'
Sample Type: Bulk Project Name:
Sample Description: Sandy clay (CL). :::~::~::::::::::~:" ENVIRONMENTAL ACTA Heim Bridge Replacement
Test Date: 12/29/09 ::::::..~~: GEOTECHNOLOGY Client: Earth Mechanics, Inc....~.............. .........- LABORATORY ProjectNo: 06-123-03~..... ..'

.........r--- EGL ProjectNo: 09-230-008B

Test Results: R-Value at 300 psi

Exudation Pressure: 46 R-VALUE TEST REPORT
12/31/09 FIGURE 1



Resistance R - Value Testing Results
(Cal Test 301)

Project Name: ACTA Heim Bridge Replacement

Job No.: 06-123-03

Client: Earth Mechanics, Inc.

EGL Project No: 09-230-008B

Test Date: 12/29/2009

Boring No: A-09-106

Sample No: B-01 @ 4'

Sample Type: Bulk

Sample Description: Sandy clay (CL), dark brown

Tested by: JT

Checked by: HJ

Test Specimen Number 1 L 3
Compaction Pressure (psi) 150 200 220
Wet Weight (gms) 1230 1220 1210
Dry Weight (gms) 1059 1059 1059
Tare Weight (gms) 0 0 a
Exudation Load (Ibs.) 1800 4785 9800

Total Weight (gms) 2879 3002 2949
Mold Weight (gms) 1783 1920 1872
Sample Weight (gms) 1096 1082 1077

Sample Height (in) 2.57 2.53 2.51
Initial Expansion (x 10,000) 0.0000 0.0000 0.0000
Final Expansion (x 10,000) 0.0015 0.0042 0.0069
Expansion Pressure (psi) 0.4545 1.2726 2.0907

Ph @2000 Ibs 67 60 51
D turns 4.88 4.48 4.12
R-Value from Exudation 42 48 56
Density (pcf) 111.3 112.5 113.8

Moisture (%) 16.1 15.2 14.3
Exudation Pressure (psi) 143 381 780

Corrected R-Value from Exudation: 43 48 56
:

Exudation Pressure (psi) 143 381 780

R-Value at 300 psi exudation pressure = 46

Note:
0.87% Retained on

·i~1ii
ENVIRONMENTAL ProjectName: ACTAHeim Bridge Replacement

3/4-inch Sieve GEOTECHNOLOGY Client: EarthMechanics, Inc.
"..... .' LABORATORY ProjectNo: 06-123-03.....=,..",r

EGL ProjectNo: 09-230-008B

R-VALUE TEST RESULTS
12/31/09 FIGURE 2
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Exudation Pressure (psi)

Expansion
Horizontal

Sample Exudation
Test Compaction Density Moisture Pressure R- R-Value
No. Pressure (psi) (pet) (%)

Pressure
(psi) @

Height Pressure
Value Correction

(psi)
160 psi

(in) (psi)

1 250 122.2 11.1 0.79 35 2.53 518 72 72

2 120 119.5 12.9 0.00 109 2.50 172 22 22

3 200 121.0 12.0 0.52 70 2.52 314 45 45

Test Name and Method:
Boring No: A-09-109 Resistance R-Value and Expansion Pressure - Cal Test 301
Sample No: B-01 @ r
Sample Type: Bulk Project Name:
Sample Description: Clayey sand (SC) ::::;::~;:::::::;:::\ ENVIRONMENTAL ACTA HeimBridgeReplacement
Test Date: 12/14/09 .~:~ GEOTECHNOLOGY Client: Earth Mechanics, Inc.- LABORATORY ProjectNo: 06-123-03~...-.. .,..........."--- EGL Project No: 09-230-008B

Test Results: R-Value at 300 psi

Exudation Pressure: 42 R-VALUE TEST REPORT
12/30/09 FIGURE 1



Resistance R - Value Testing Results
(Cal Test 301)

Project Name: ACTA Heim Bridge Replacement

Job No.: 06-123-03

Client: Earth Mechanics, Inc.

EGL Project No: 09-230-008B

Test Date: 12/14/2009

Boring No: A-09-109

Sample No: B-01 @ l'

Sample Type: Bulk

Sample Description: Clayey sand (SC), dark brown

Tested by: JT

Checked by: HJ

Test Specimen Number 1 2 ::$

Compaction Pressure (psi) 250 120 200
Wet Weight (gms) 1210 1230 1220
Dry Weight (gms) 1089 1089 1089
Tare Weight (gms) 0 0 0
Exudation Load (Ibs.) 6500 2161 3950

Total Weight (gms) 2917 3034 2999
Mold Weight (gms) 1783 1920 1872
Sample Weight (gms) 1134 1114 1127

Sample Height (in) 2.53 2.50 2.52
Initial Expansion (x 10,000) 0.0000 0.0000 0.0000
Final Expansion (x 10,000) 0.0026 0.0000 0.0017
Expansion Pressure (psi) 0.7878 0.0000 0.5151

Ph @ 2000 Ibs 35 109 70
D turns 3.5 4.09 3.88
R-Value from Exudation 72 22 45
Density (pcf) 122.2 119.5 121.0

Moisture (%) 11.1 12.9 12.0
Exudation Pressure (psi) 518 172 314

Corrected R-Value from Exudation: 72 22 45
Exudation Pressure (psi) 518 172 314

R-Value at 300 psi exudation pressure = 42

Note:
0.00% Retained on &- ENVIRONMENTAL Project Name: ACTA Helm Bridge Replacement
3/4-inch Sieve GEOTECHNOLOGY Client: Earth Mechanics, Inc.

tt····· ... LABORATORY Project No: 06-123-03..............--- EGL Project No: 09-230-008B

R-VALUE TEST RESULTS
12/30109 FIGURE 2
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Exudation Pressure (psi)

Expansion
Horizontal

Sample Exudation
Test Compaction Density Moisture Pressure R- R-Value
No. Pressure (psi) (pcf) (%)

Pressure
(psi) @

Height Pressure
Value Correction

(psi)
160 psi

(in) (psi)

1 350 125.0 9.3 0.00 31 2.55 458 72 72

2 250 123.8 10.1 0.00 42 2.50 107 60 60

3 350 126.2 8.4 0.39 25 2.50 786 79 79

Test Name and Method:
Boring No: A-09-110 Resistance R-Value and Expansion Pressure - Cal Test 301
Sample No: B-01 @O'
Sample Type: Bulk Project Name:
Sample Description: Silty sand (SM) :::~:~::~:::::::::: ENVIRONMENTAL ACTA Heim Bridge Replacement
Test Date: 12/11/09 ....~~ GEOTECHNOLOGY Client: Earth Mechanics, Inc.......... .......,

~..... .... LABORATORY ProjectNo: 06-123-03...........-- EGL ProjectNo: 09-230-0088

Test Results: R-Value at 300 psi

Exudation Pressure: 66 R-VALUE TEST REPORT
12/30109 FIGURE 1



Resistance R - Value Testing Results
(Cal Test 301)

Project Name: ACTA Heim Bridge Replacement

Job No.: 06-123-03

Client: Earth Mechanics, Inc.

EGL Project No: 09-230-008B

Test Date: 12/11/2009

Boring No: A-09-110

Sample No: B-01 @ 0'

Sample Type: Bulk

Sample Description: Silty sand (SM), brown with some gravel

Tested by: JT

Checked by: HJ

Test Specimen Number 1 2 3
Compaction Pressure (psi) 350 250 350
Wet Weight (gms) 1240 1250 1230
Dry Weight (gms) 1135 1135 1135
Tare Weight (gms) 0 0 0
Exudation Load (Ibs.) 5750 1350 9870
Total Weight (gms) 2932 3045 3000
Mold Weight (gms) 1783 1920 1872
Sample Weight (gms) 1149 1125 1128
Sample Height (in) 2.55 2.50 2.50
Initial Expansion (x 10,000) 0.0000 0.0000 0.0000
Final Expansion (x 10,000) 0.0000 0.0000 0.0013
Expansion Pressure (psi) 0.0000 0.0000 0.3939
Ph @2000 Ibs 31 42 25
D turns 3.97 4.62 3.54
R-Value from Exudation 72 60 79
Density (pcf) 125.0 123.8 126.2
Moisture (%) 9.3 10.1 8.4
Exudation Pressure (psi) 458 107 786

Corrected R-Value from Exudation: 72 60 79
Exudation Pressure (psi) 458 107 786

R-Value at 300 psi exudation pressure = 66

Note:
6.74% Retained on :::.: g;;:.:.:.::.:. ENVIRONMENTAL ProjectName: ACTAHeim 8ridge Replacement
3/4-inch Sieve :::.~.. GEOTECHNOLOGY Client: Earth Mechanics, Inc..i;i~~.;~.. ;~~':~

~...... .,. LABORATORY ProjectNo: 06-123-03...........".---- EGL ProjectNo: 09-230-0088

R-VALUE TEST RESULTS
12/30/09 FIGURE 2
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17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Schuyler Heim Bridge Firm-ground Reference Time History; Set 6 - FP
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 



APPENDIX E. REVIEW COMMENTS AND RESPONSES



Re: MSE Wall BOA Section

Subject: Re: MSE Wall BDA Section
From: Seungwoon Han <seungwoon_han@dot.ca.gov>
Date: Men, 12 Apr 2010 12:09:05 -0400
To: Arul Arulmoli <arulmoli@emihmech.com>
CC: Eric Brown <e.brownejtearthmech.com>, "Haitao_Liu@dot.ca.gov" <Haitao_Liu@dot.ca.gov>,
Pat Wilson <P.Wi1son@emihmech.com>, Ranjan Gunaranjan <ranjml@emihmech.com>, Deh-Jeng
.Tang <deh-jengjangrgjdot.ca.gov>

Arul,

As we discussed over the phone, I summarized our comments below. Please note that all comments
below, and our previous comments on the bridges are applicable to all the wall reports. Also, I removed
some of comments that we resolved during discussion. If you have any questions, Please contact us.

Comments on retaining wall reports

1. Please revisit idealized soil profile and parameters, and revise them if necessary. Especially when
global slope and external stability is considered, a failure tend to develop through a weak layer, which
should be considered in the design. Therefore, layers with averaged parameters may not represent the
weak layers. Also confirm undrained residual strength of liquefiable layers.

2. Please provide stability analysis for each phase construction if strength increase is considered with
phase construction.

3. Please check allowable static long-term and short-term settlement, and seismic induced settlement
with the Structure. Especially, caltrans standard cantilever walls may not carry the settlement estimated
in the report. Also, when calculating bearing capacity of the standard wall, settlement should be
considered since settlement will control the footing design for most sandy soils.

4. Backfill material and soil corrosivity requirement should conform to our standard special provision
(SSP) for MSE wall. The requirement in SSP is more stringent than that in BOS.

5. Please provide a table showing bearing capacity FOS and minimum strap length to meet external
stability, global stability and settlement.

6. Structural backfill is assumed to have a friction angie of 34 degree with zero cohesion, and
compacted to a minimum 95 percent.

7. For Wall A1, please check inputs regarding a spreadsheet, "Stress at Various Points Below an Earth
Embankment." The Inputs for embankment geometry is not consistent with real embankment geometry.

8. Please verify bearing pressure of MSE wall. Caltran will also check BOA provided by EMI.

9.For Wall H1, end bearing of CIOH pile for retaining wall should be limited to consider potential defect
at the pile bottom during construction. Also, CIOH pile construction should comply to Caltrans SSP.

I 01'2 5/10/20103:55 PM



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-Co-Rte-PM: 07-LA-47-PM (Varies) ReviewingAgency; Caltrans District7

EANo.: 238501 FunctionalUnit: Geotechnical Design South - 2

Milestone: 65% PS&E Review Date: April 12, 2010

Consultant: EarthMechanics, Inc.

CURRENT
DWG NO.1SPEC STATUS
NO.1SECTION ACTION (OPEN!

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

I. Wall At The residual shear strength fortheliquefiable
material between EI. -5It and -22It was revised tobe
700 psfconsistent with thelowest N1 (60-C8) blowcount
inthatlayer, 13bpfforR-09-038/ D-4. Revised global
stability analysis indicates a pseudo-static factor of
safety greater than 1.1, meeting Caltrans requirements.
Revised global stability calculations areattached.

II.Wall C1. The residual shear strength forthe
liquefiable material between EI. -11 It and -25It was
discretized into two layers (1)thematerial between EI. -
11 It to-20It revised tobe1200 pstconsistent with the
lowest N1 (60-C8) blowcount inthatlayer of24bpfforR-
09-009/8-4 and (2) material between EI. -20It to-25It
revised tobe600 psfconsistent with theiowest N1 (6G-

PatrickWilson C8)blowcount in thatlayer of10bpfforsample R-09-
(PW), 011/8-5. Revised global stability calculations are

Eric Brown (EB).
A attached.

K. Arul Arulmoli
(KA), Kandiah

Pratheepan (KP) III.Walls E1/E2. The critical layer in theglobal stability
analysis isthematerial between EI. -5It and -17It and
ismodeled as600 psf, which issupported bytriaxial
testresults performed onthree different samples; R-09-
033/U-4, R-09-034/U-3 and R-09-035/U-3.

IV.Walls G1/G2. The idealized soilprofile beneath walls
G1/G2 has been revised. The critical revision was the
reduction oftheundrained shear strength inthelayer
from -6to-23It to650 psf, which was verified asthe
most conservative strength in thatlayer, according to

Please revisit idealized soil profile and parameters, and revise them if thelabtest data.
necessary. Especially when global slope and extemal stability is
considered, a failure tend todevelop through aweak layer, which should be V.Wall H1. The undrained shear strength ofmaterial
considered inthedesign. Therefore. layers with averaged parameters may between EI. -5It and -30It was reduced from 750psfto
notrepresent theweak layers. Also confirm undrained residual strength of 700 psf, which issupported bytriaxial testresults

1 liouefiable lavers. iperformed onsamples R-09-036/U-5 and R-09-037/U-6.

RESPONSES FORACTiON REaD
A:AGREE FULLY WILLCOMPLY
B:AGREE PARTLY SEENOTED EXCEPTiONS
c.DISAGREE. REASONS ARE NOTED
0: COMMENT HAS BEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTIOtJ ONlY_ ANSWER THEOlJESTION Page 1of3 Tab: Walls 65% PS&E



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (BridgleNo. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-Co-Rle-PM: 07-LA-47-PM (Varies) ReviewingAgency: Caltrans District 7

EA No.: 238501 Functional Unit: Geotechnical Design South - 2

Milestone: 65% PS&E Review Date: April 12, 2010
Consultant: EarthMechanics, Inc.

CURRENT
DWG NO.1 SPEC STATUS
NO.1 SECTION ACTION (OPEN I

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

Will comply. Strength increase due toconsolidation of
fine grained layers was considered in theglobal stability
analysis ofMSE walls E1-E2 and MSE wall G1. Global

PW/EBI KA A stability analysis forthetemporary condition during
construction forthese walls indicate a factor of safety
greater than 1.25 forallwalls. Global stability

Please provide stability analysis foreach phase construction if strength calculations forthetemporary condition forthese walls
2 increase isconsidered with phase construction. areattached.

Will comply, Based upon ourconversations with wall
contractors, theallowable differential settlement foran
MSE Wall is1%along thewall length. Static and
seismic settlement calculations indicate theanticipated
differential settlements arewithin thetolerable limits for
MSEwalis.

Forretaining wall G2(standard cantilever wall) the
settlement analysis has been revised toaccount forthe
proposed staged construction and indicates the
anticipated static settlement beneath theproposed wall
after footing construction is less than 4 inches with a
maximum differential settlement of2 inches along the

PW I EBI KAI KP A wall length; which isconsidered within thetolerable
limits ofaCaltrans Standard Type 1wall. The
recommendations inthereport have been revised to
require thatwall G2should notbeconstucted until the
settlment period fortheembankment iscomplete (a
temporary shoring wall willberequired toretain the
embankment during thesettlement period). The revised
settlement calculations are attached.

Please check allowable static long-term and short-term settlement, and
seismic induced settlement with theStructure. Especially, caltrans standard The bearing capacity calculations forretaining wall G2
cantilever walls may notcarry thesettlement estimated inthereport. Also, have been revised according tothemethodology
when calculating bearing capacity ofthestandard wall, settlement should proposed byMeyerhoff (1956) considering thatthe
beconsidered since settlement willcontrol thefooting design formost footing willbeembedded ingranular fillmaterial

3 sandv soils. compacted to90% relative density. The revised bearing

Backfill material and soilcorrosivity requirement should conform toour PW I EBI KAI KP A
standard special provision (SSP) forMSE wall. The requirement inSSP is Will comply. The corrosion requirements forMSE

4 more stringent than thatinBOS. backfill willberevised and are attached.
Will comply, Atable will beadded tothe"Bearing

PW I EBI KAI KP A Capacity" section thatwilllisttheFOS forbearing
Please provide a table showing bearing capacity FOS and minimum strap capacity and global stability fora range ofstrap lengths.

5 length tomeet external stability, global stability and settlement. A sample table forMSE Walls E1-E2 isattached.

RESPONSES FORACTlOf'I REaD
A:AGREE FUllY WILL COMPLY
B:AGREE PARTLY SEt.NOTED EXCEPTIONS
c.DISAGREE, REASONS ARE NOTED
0: COMMENT HASBEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTION ONLY. ANSWER THEQUESTION Page 20f3 Tab: Walls 65% PS&E



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-CoMRle-PM: 07-LA-47-PM (Varies) Reviewing Agency: CaltransDistrict 7

EANo.: 238501 Functional Unit: Geotechnical Design South - 2

Milestone: 65% PS&E ReviewDate: April 12, 2010

Consultant: EarthMechanics,Inc.

CURRENT
DWG NO.1SPEC STATUS
NO.1 SECTION ACTION (OPEN I

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

Will comply. Idealized soil profiles and global stability
Structural backfill isassumed tohave a friction angle of34degree with zero PW I EBI KAI KP A analyses have been revised toreflect a 34degree/zero

6 cohesion, and compacted toa minimum 95percent. cohesion materiat forstructural backfill.
Will compiy. The stress calculations aspartofthe

ForWall A1,please check inputs regarding aspreadsheet, "Stress at
PW I EBI KAI KP A

settlement analysis beneath MSE Wall A1which now
Various Points Below anEarth Embankment." The Inputs forembankment reflect thecurrent geometry oftheproposed

7 geometry isnotconsistent with real embankment geometry. embankment areattached.
Will comply. Based upon ourconversations with the
designers, thedemand bearing pressures listed inthe

PW I EBI KAI KP A Caltrans BOA (2002) aresuitable foruse indetenmining
Please verify bearing pressure ofMSE wall. Caltran willalso check BOA demand bearing pressures forwalls with a level backfill

8 provided byEMI. and equivalent vehicle surcharge.
Will comply. Axial capacity calculations have been
revised to limit theend bearing tonomore than 20% of
thenominal resistance. Revised axial pile capacity

PW I EBI KA A
calculations areattached.

ForWall H1, end bearing ofCIOH pile forretaining wall should belimited to Also, therecommendations provided inSection 6.2
consider potential defect atthepilebottom during construction. Also, CIOH "CIOH Pile Construction" have been confinmed tobeIn

9 Ipile construction should compiy toCaltrans SSP. compliance with Callrans SSP's.
FromReviewof BridgeFoundation Reports- LogofTest Borings.

Will comply. LOTB's have been revised toonly showExceptfor the standardsplitsampler,blowcounts recordedby driving PW I EBI KAI KP A
10 any other sampler should not be shown in the LOTBs. SPT blowcounts.

From Review of Bridge Foundation Reports - Consolidation Coefficient (CV)
is a function of the effective overburden and pre-consolidation stress for a Will comply. Settlement rate calculations have been
given soil. Please present the correlation curve between consolidation PW I EBI KAI KP A revised touse thelowest consolidation coefficientcoefflclent and applied vertical pressure, and select the lowest coefficient, or
the coefficient value under the actual effective overburden by the end of detenmlned from labtesting. Revised settlement

11 construction for the settlement evaluation. calculations areattached.

PW I EBI KAI KP A
A section will be included to each report that addresses

12 Settlement of adjacent utilities. the settlment benath adjacent utilities.

RESPONSES FORACTiON REaD
A:AGREE FULLY WILL COMPlY
0: AGREE PARTLY SEE NOTED EXCEPTIONS
C:DISAGREE. REASONS ARE NOTED
D:COMMENT HAS BEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTION ONLY. ANSWER THEQUESTION Page 3of3 Tab: Walls 65% PS&E



Geotechnical & Earthquake Engineering

EMI Project No. 06-123-03
Alameda Corridor Transportation Authority
One Civic Plaza, Suite 350
Carson, California 90745

Attention:

Subject:

Mr. Lucien Hersh, P.E.
Proj ect Manager

Final Foundation Report
Retaining Wall E1, Wall No. 53E0149
Retaining Wall E2, Wall No. 53E0150
Mechanically Stabilized Earth (MSE) Walls
Los Angeles County, California, (7-LA-47, PM 0.10, EA 238501)

Dear Mr. Hersh:

Attached is our Final Foundation Report for the subject retaining walls. TIns report presents the
findings and conclusions of our geotechnical investigation as well as analyses results and
recommendations for design and construction of the subject retaining walls.

The Foundation Report for the subject walls, dated February 10, 2010, was submitted to
Caltrans. The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed the report and
provided their comments on April 12, 2010. EMI developed responses to the OGDS-1 review
comments and submitted them on May 4,2010. OGDS-1 review comments and EMI responses
are included in Appendix E. The responses to these review comments have been incorporated
into this Final Foundation Report. We appreciate the opportunity to provide geotechnical
services for this project. Ifyou have any questions please call us.

Sincerely,
EARTH MECHANICS, INC.

Patrick Wilson, PhD
StaffEngineer

(Arul) K. Arulmoli, PhD, GE
Project Manager

.~-/-

Eric Brown, GE
Senior Engineer

17660 Newhope Street, Suite E, Fountain Valley, California 92708 Tel: (714) 751-3826 Fax: (714) 751-3928
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1.0 INTRODUCTION

1.1 Purpose Scope of Work

This Foundation Report presents the findings and conclusions of a geotechnical investigation
conducted by Earth Mechanics, Inc. (EMI) for the proposed Retaining Wall E1 and E2 in Los
Angeles County, California. The report has been prepared in general aCCOrdaI1Ce with Caltrans
Guidelines for Foundation Investigation and Reports (Caltrans, 2006e). It presents results of our
foundation analyses and provides design and construction recommendations to assist the bridge
designers in preparing the project Plans, Specifications, and Estimates (PS&E) for the project.

The geotechnical services provided for this project included the following tasks:

• Collection and review of existing geotechnical information;

• Field exploration consisting of drilling, sampling and logging exploratory borings;

• Laboratory testing of selected bulk and relatively undisturbed soil samples;

iii Engineering analysis to develop foundation design and construction recommendations;

iii Preparation of this report presenting our findings, conclusions, and recommendations.

1.2 Project Description

The Schuyler Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a
joint partnership between Caltrans and the Alameda Corridor Transportation Authority (ACTA).
The project proposes to replace the seismically deficient Schuyler Heim Bridge over Cerritos
Channel and add a four-lane elevated roadway connection to Alameda Street that will bypass
three signalized intersections and five at-grade railroad crossings. The location of the project is
shown in Figure 1.

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift
bridge with a fixed bridge with an elevated profile to provide a minimum vertical clearance of
47ft in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The
proposed bridge replacement project includes bridge structures along the southbound exit ramps
and northbound entrance ramps at New Dock Street and State Route-I 03 (SR-I03). This report is
prepared for proposed Retaining Wall El and E2 located on the west and east side, respectively,
of the approach embankment for the SR-I03 Off-Ramp (Figure 2).

Retaining Wall E1, located along the western edge of the SR-103 Off-Ramp approach
embankment between Sta. 426+06 and Sta. 428+35 ("E" Line), will be approximately 230 ft
long with retained heights varying from 24 ft at the southern end of the wall to 16 ft at the
northern end of the wall where it terminates at the southern end of Retaining Wall G2.
Recommendations for Retaining Wall G2 and the SR-I03 Off-Ramp bridge are provided in
separate foundation reports prepared by EMI (201Oa, 201Ob). Retaining Wall E2, located along
the eastem edge of the SR-I03 Off-Ramp approach embankment between Sta. 426+06 and Sta.
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429+95 ("E" Line), will be approximately 475 ft: long with retained heights varying from 22 ft at
the southern end of the wall to 4 ft at the northern end of the wall. Both walls are proposed to be
mechanically stabilized embankment (MSE) walls.

1.3 Limitations

This report is intended for use by Alameda Corridor Transportation Authority (ACTA), its
design team members and the California Department of Transportation (Caltrans) for the
proposed Retaining Wall El and E2. This report is based on the project as described herein and
the information obtained from the exploratory borings at the approximate locations indicated on
the attached plans. The findings and recommendations contained in this report are based on the
results of the field investigation, laboratory tests, and engineering analyses. Also, soils and
subsurface conditions encountered in the exploratory borings are presumed to be representative
of the project site; however, subsurface conditions and characteristics of soils between
exploratory borings can vary. Findings reflect an interpretation of the direct evidence obtained.
Recommendations presented herein are based on the assumption that an appropriate level of
quality control and quality assurance (inspections and tests) will be provided during construction.
EMI should be notified of any pertinent changes in the project plans or if subsurface conditions
are found to vary from those described herein. Modifications to the project plans or variations in
subsurface conditions may require re-evaluation of the recommendations contained in this report.

The data, opinions, and recommendations contained herein are applicable to the specific design
elements and locations which are the subject of this report. Data, opinions, and recommendations
herein have no applicability to any other design elements or to any other locations, and any and
an subsequent users accept any and all liability resulting from any use or reuse of the data,
opinions, and recommendations without the prior written consent of EM!.

EMI is not responsible for construction means, methods, techniques, sequences, or procedures,
or for safety precautions or programs in connection with the construction, for the acts or
omissions of the Contractor, or any other person performing any of the construction, or for the
failure of any worker to carry out the construction in accordance with the Final construction
drawings and specifications.

Services performed by EMI were conducted in a manner consistent with that level of care and
skill ordinarily exercised by members of the profession currently practicing in the same locality
under similar conditions. No other representation, expressed or implied, and no warranty or
guarantee is included or intended.

Earth Mechanics, Inc.
u eorechnrcat & Eattb quak e Engineering



Earth Mechanics, Inc.
Geotcchnical and Earthquake Engineering

SCBle.. -
1000 500

i

OUTER HARBOR

ACTA SCHUYLER HElM BRIDGE
REPLACEMENT PROJECT

Project No. 06-123 Date: 5-17-10
Project Location Map

Figure 1



Earth Mechanics, Inc.
Geotechnical and Earthquake Engineering

~

~
ACTA SCHUYLER HElM BRIDGE

REPLACEMENT PROJECT

Project No. 06-123 Date: 5-17-10
Structure Location Map Figure 2



5

2.0 FIELD INVESTIGATION AND LABORATORY TESTING

2.1 Existing Information

Existing subsurface information surrounding the Schuyler Heim Bridge is available from reports
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, Inc. (MAA, 1993)
and Diaz- Yourman and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler
Heim Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade
Separation Project, respectively. From these three sources, the nearest boring to Retaining Wall
El and E2 is shown on the as-built Logs-of-Test-Boring (LOTB) sheets prepared by LKR for the
seismic retrofit of the Schuyler Heim Bridge and is approximately 600 ft south of the southern
end of the proposed wall pair.

2.2 Supplemental Field Exploration

A geotechnical field investigation was conducted by EMI for the entire project between October
and November, 2009 which included a total of eight hollow-stem auger borings, 42 rotary wash
borings and 38 CPT soundings. Of that exploration program, tln-ee rotary wash borings, two
hollow-stem auger borings and two CPT soundings were performed in the vicinity of Retaining
Wall El and E2. The purpose of the explorations was to log subsurface conditions and collect
soil samples from locations near the proposed walls. Soil exploration information is summarized
in Table 1. Approximate locations of the explorations performed by EMI for this project are
shown on Figure 3 and on the LOTB sheets included at the end of this report. Upon completion,
the exploration locations were surveyed by Wagner Engineering & Survey, Inc. (WES) under a
subcontract with EM!.

2.2.1 Soil Borings

The borings and CPT soundings surrounding the proposed retaining wall pair were performed at
grade on the shoulder of the existing SR-l03/SR47 ramps. The deepest boring penetrated down
to about elevation -149 ft, approximately 150 ft below ground surface.

Rotary borings were performed by C&L Drilling Co. (C&L) and SoCal Drilling Co- (SoCal),
under a subcontract with EMI, using a truck-mounted drill rig equipped with 5-in diameter tri
cone drill bit and a mud-rotary circulation drill system. Auger borings were performed by 2R
Drilling Co. (2R), under a subcontract with EMI, using a truck-mounted hollow-stem auger drill
rig equipped with 8-inch diameter augers. Subsurface soils and conditions were logged and
samples of soils 'were collected for laboratory testing. Large bulk samples of near-surface soils
were logged and collected. Smaller soil samples were collected from borings generally at 5 ft
vertical intervals by means of split-spoon drive samplers; the Standard Penetration Test (SPT)
sampler and the Modified Califomia Drive (MCD) sampler were used to collect small disturbed
and relatively undisturbed samples, respectively. The MCD is a split-barrel sampler with a
tapered cutting tip and lined with a series of 1 inch tall brass rings. The SPT sampler (1.4 inch
ID) and MCD sampler (2.4 inch ID, 3.25 inch OD) were driven using a 140 pound hammer
falling 30 inches down a total depth of 18 inches or until refusal. The blowcounts forthe last ft of
penetration were recorded on the boring logs
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As part of the field investigation, SPT hammer energy measurements were performed by
EarthSpectives (ES) under a subcontract with EMI. Based on those measurements, the average
hammer efficiency was 62 percent in the borings performed by C&L, and 79 percent in the
borings performed by SoCal and 80 percent in the borings performed by 2R. A copy of the ES
report is provided in Appendix B.

Boring geophysical measurements were also collected by GeoVision under a subcontract with
EMI in six uncased borings as part of the project. Compression (P) and shear (S) wave velocities
were measured along the entire boring depth at the six selected boring locations. A copy of the
GeoVision report is provided in Appendix C.

TABLE 1. SOIL EXPLORATION INFORMATION

Boring

R-09-033(I)

R-09-034,,1)

R-09-035(2)

A-09-056(3)

CPT··09-066

CPT·09-098

Line

~~E"

Line

Approx.
Station

425+87.5

426+74.1

428+42.7

427+15.6

428+87.0

427+19.4

Approx.
Offset (It)

84.7 Rt

55.2 Lt

38.1 Lt

36.3 Rt

91.4 Rt

36.4 Rt

Approx.
GSE cft)

+6.1

+1.3

+2.1

+0.2

-0.8

+0.1

Approx.
GWE

Cft)

-9.9

-9.7

-11.9

-11.0

NR

NR

Approx. Bottom of
Boring Elevation

Cft)

-94.9

-149.0

-74.4

-36.3

-100.1

-92.3

Method

RW

RW

RW

HSA

RW

RW

Notes. 1.Boringperformed by C&L. Drilling Co.
2. Boring performed by SoCalDrilling Co.
3.Boring performed by 2R Drilling Co.
4. GWE = Groundwater Elevation.
5. GSE = Ground SUI/ace Elevation (estimatedfrom topographic plans).
6. Top ofBoring Elevation Based on NA VD88.
7. RW = Rotary Wash, HSA = Hollow Stem Auger, CPT = Cone Penetration Test.
8. NR = Not Recorced.

2.2.2 CPT Soundings

The CPT soundings were also performed at grade in the undeveloped area ncar or beneath the
existing New Dock Street on-ramp structure, east of the main bridge structure. The deepest
sounding was advanced down to elevation -102.7 ft, approximately 103.5 ft below ground
surface.

Cone Penetration Test (CPT) soundings were performed by Middle Earth Geo Testing, Inc.
(Middle Earth) under a subcontract with EMI, using an electronic cone penetrometer in general
accordance with the current ASTM Standards (ASTM D5778 and ASTM D3441). The CPT
equipment consisted of a cone penetrometer assembly mounted at the end of a series of hollow
sounding rods. The cone penetrometer assembly consisted of a conical tip with a 60" apex angle
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and a projected cross sectional area of 1.55 in" (10 ern") and a cylindrical friction sleeve with a
surface area of 23.25 in2 (150 ern"). The interior of the cone penetrometer is instrumented with
strain gauges that allow simultaneous measurements of cone tip and friction sleeve resistance
during penetration. The cone penetrometer assembly is continuously pushed into the soil by a set
of hydraulic rams at a standard rate of 0.79 inch per second (20 mm per second) while the cone
tip resistance and sleeve friction resistance are recorded every 1.967 inches (50 mm) and stored
in digital form. A specially designed all wheel drive 25-ton truck provides the required reaction
weight for pushing the cone assembly and is also used to transport and house the test equipment.
The computer generated graphical logs include cone resistance, friction resistance, and friction
ratio. Soil behavior type interpretations are based on guidelines by Robertson and Campanella
(1989).

2.3 Laboratory Testing

Laboratory tests were performed to determine relevant physical characteristics and engineering
properties of the in-situ soils at the site. Selected soil samples were tested to determine soil type
and other physical and engineering properties, A list of tests performed, the corresponding test
methods, and purpose of testing is presented in Table 2.

The laboratory soil tests were conducted in general accordance with California Test (CT)
methods or American Society for Testing and Materials (ASTM) standards. The distribution of
laboratory tests is shown on the LOTB sheets at the end of the report and test results are given in
Appendix C.

TABLE 2. EXPLANATION OF LABORATORY TESTS PERFORMED

Type afTest I Applicable Test i
i Method I Purpose

I Dry Density i ASTM D 2937 I Estimate in-situ dry soil density ,
, .._--.,._----_._._-_.. _._ --_.__.!-.._'-._-_ _---_.._ _--_._._---_.-_._-_._._._ _ , __ -..- _--_ __.__..__.._ _ _-_._--_ -._--j

i Moisture Content ! ASTM D 2216 I Estimate in-situ soil moisture content !
I-------------·-+--·---------·--j-----.--.-.--.---..- - -- --.- - ..---; -.--.- --.--'-'---":"--'--1
i No. 200 Wash i ASTM D 1140 i Determme the percentage of fine-grained particles of SOlI .-_.._._-----_.._------.._-----_._----_.-.-------------_._.._..- _-_ __ _._-_._._-._.__._._-._-~._-_._--_ _-_._-------!

! Sieve Analysis & i ASTM D 422 I D . . 1 . di ibuti f soil iI H dr ,. i .. ' etermme partie e SIze istn utron 0 SOl I

i Y orneter i ---l!._-----._--_._------,------- , _._--_.__._..-.._ __.-_ _---------------_ ------
! Atterberg Limits ! ASTM D 4318 Determine plasticity of fine-grained soil
~--_._--_._----_.--_.--l---.._--_.~... ------..--- - ,.-- - --- -.------.-.- -.- -----· _··*-·----·---1
i Specific Gravity I ASTM D 854 tennine specific gravity of soil grains __ i
1- ·---C-;;n~_zlidati;_;_---!----A-STMD 243 5 Dete;;;ine-~~;;;p~~~-~ibii ity-~ffi~~~g~~i;-;d~~il ---------..------ ----- i
!----l5UT;i~~i~1---I----A-STM D2"850-' Estin;t~- str;;;gthp~;:~;;;~t~;~~ffi~~-~~;i~~d-~~I-------··----------I

~=~-~~~~~"~=~E~~~f~~~~-~1~~~~~~~~:=~~~~J
: Minimum Resistivity 1 CT 643 i Determine resistivity of soil for corrosion potential evaluation !
, .. ---.-.------•.......----.--.- -..-t-r-t..-.---..-.---..--.---.-.--.-- - r-··-··---"'--·--- - - ..-- - --.- -.- - ..-.- -.-- -..-- --.--..--..-- -.-- --.--.-.-,
! Sulfate Content i CT 417 i Determine sulfate in soil for corrosion potential evaluation !
i--··chi-~;i~c-;;-;~-;;t-·+---·--ET422-·-----rD~t~;;;i~~~i;I~~~id~i~··~~iif~;:~~;~:~~i~;;·p~t~~ti~i~-~~~-~ti~-;;-----·---I

Notes: l. ASTM = American Society for Testing and Materials.
2. CT = California Test Method.
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3.0 GEOLOGY

3.1 Physiography

The Schuyler Heim Bridge spans the Cerritos Channel in the P01i of Long Beach. Like most of
the shipping channels within the port, the Cerritos channel is a man-made channel that was
dredged into the former Wilmington Lagoon which was a coastal marshland with abundant tidal
channels, estuaries, and small marshy islands. The site area is in the coastal area of San Pedro
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the
northeast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the south (Figure
4). The western margin of the basin is open to the Pacific Ocean except for one prominent hill,
the Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the north from San
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone
(Schell, 2007).

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet above
the plain. The margins of the hills and mountains surrounding the basin me commonly elevated
somewhat above the general level of these major plains by an apron of uplifted sediments such as
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills.

The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills such
as the northwesterly aligmnent of hills and mesas called the Newport-Inglewood Structural
Zone-NISZ (Figure 4). The NISZ extends from the Newport Bay area on the south to the Beverly
Hills area on the north, and is a result of geologically recent folding and earthquake fault
displacements. The NISZ divides the basin floor into two major plains, The Downey-Tustin
Plain on the northeast and the Torrance plain (including the Long Beach Plain) on the southwest.
The part ofthe NISZ nearest the site is at Signal Hill to the northeast (Figure 5).

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa A11a Rivers.
These rivers enter the basin through valleys or canyons in the surrounding mountains such as Los
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin
floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all minor
tributaries in the Basin me confined within concrete-or rip-rap-lined channels but in the natural
state they meandered back and forth across the Basin floor, commonly shifting outlets. For
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay through
Ballona gap and the San Gabriel River flowed into Wilmington Lagoon which is now occupied
by the Port of Los Angeles. At present, the Los Angeles River flows to the Port of Long Beach
Los Angeles area.

The floor ofthe Los Angeles Basin is directly underlain by unconsolidated Quaternary-age sandy
sediments. These generally can be subdivided into loose unconsolidated Holocene-age sediments
which cover the bulk of the basin, and the underlying Pleistocene-age materials of the Lakewood
and San Pedro formations which are only exposed in some of the uplifts of the NISZ and the
marginal plains. Hard rocks occur only in the mountains surrounding the basin and at depths
ranging from a few thousand feet to as much as 30,000 feet in the deepest part of the central Los
Angeles Basin.
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Except for the Newport-Inglewood and the Palos Verdes fault zones, most surface geological
faults such as the Santa Monica, Hollywood, and Whittier faults occur along the basin margins
(Figure 4). In Addition to these known surface faults, the Los Angeles region is underlain by
buried thrust and reverse faults. These are poorly understood features with poorly known
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which
make up the Puente Hills blind thrust fault system, are examples (Figure 4). However, any large
earthquakes associated with these subsurface features are most likely to originate at great depths
(e.g. about 10 to 12 miles), and thus these should not impact the subject site significantly more
than similar-sized earthquakes on the nearer Newport Inglewood or Palos Verdes faults. The
1987 Whittier earthquake occurred on one of these subsurface faults (either the Santa Fe Springs
or the Coyote Hills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel
Valley northeast of the site. The 1994 Northridge earthquake occurred on a southerly dipping
buried fault below the San Fernando Valley.

3.2 Stratigraphy

The project area is underlain by a sequence of geologic strata consistent with the general
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles
area. Review of the borehole logs drilled for this project, along with existing boring logs from
other geotechnical studies and from published sources (e.g. Zielbauer, et al., 1962; Wright 1991;
U.S. Geological Survey) 2007; Schell, 2007), indicates similar strata.

The uppermost deposits of most significance to the project were deposited during the last ice age
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise in sea level
was not constant but comprised several fluctuations. Interaction between the fluctuating sea level
and sedimentary deposition from inland streams resulted in a complex association of irregular
and discontinuous beds and lenses of marine and non-marine sedimentary strata. The major
stratigraphic units underlying the project corridor are summarized below:

1) The surficial strata consist of sandy alluvium deposited by streams of the Los Angeles
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along
the coast during the past few thousand years (~ past 5,000 to 7,000 years). These are
about 20 to 30 feet thick.

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits
occur at depths of about 25 ±5 to 70 ±10 feet and represent primarily marine sediments
deposited during the later stages of the most recent rise in sea level that be gan about
15,000 to 20,000 years ago. However, these deposits commonly contain sand and fine
gravel lenses deposited by seasonal river flooding during intermittent wetter periods and
storms inland.

3) These are underlain by the Gaspur Formation which is coarser grained sand and gravel
material deposited in a relict channel of the Los Angeles River that was cut when sea
level was lower during the last ice age. As the climate warmed, sea level rose due to
melting ice at the Polar ice caps and the shore line retreated inland. The Gaspur is about
70 ±10 feet to about 190 feet deep and consists of an upper primarily sandy unit and a
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deeper coarser sand and gravel unit. The gravels of the Gaspur channel extend far inland
and comprise a major aquifer in the Los Angeles area.

4) The Gaspur channel was cut into older Pleistocene material of the Lakewood Formation
which is about 160 to 300 thousand years old. The Lakewood is partially marine and
partially non marine that was deposited during previous Pleistocene ice ages. Lakewood
sediments were intermittently exposed to surficial weathering resulting in desiccation,
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Formation.

5) The San Pedro Formation extends to about 1100 ±50 feet depth and comprises gently
tilted marine silts and sands overlying the folded Tertiary-age marine deposits (Pica,
Repetto, Fernando formations), and the ancient igneous and metamorphic basement rocks
at a depth of about 10,000 feet.

TABLE 3. STRATIGRAPHY AND CORRELATION CHART, LONG BEACH AREA

Zielbauer
CA Dept. of

Geologic
Formation

Sequence
Age Estimate and others

Water
Series (USGS, 2007)

(1962)
Resources

(1961)

Dune/Beach Sand,
Coastal Marsh,

Holocene Transgressive Marine, Dominguez <15 lea Gaspur Gaspur
Stream

Alluvium

Gage200 ft sand

Constramed between
o stage 5 and 9
(~160-300 ka)

Pacific

Harbor

Latest Pleistocene
Mesa

__________________~~O-~O ktQ _
Early 0 stage 5

10-130

Older Dune Sand,
Stream Alluvium, Near

shore Marine,
Lakewood Fm (Marine

and Non Marine)

Upper
Pleistocene

Lynwood

Lower
Silverado

Upper
Silverado

400 ft gravel

Pliocene B

Pliocene A

a stage 9-11
Bent Spring

___. . ~~00-450 ka)

Upper 0 stage 12-14
... _._~J.!~ingt<:'!:______ (~475-580~~ .__..__..__.__ ....__. . __

Lower 0 stage 15-17+
. __..~il~ning.!?E._ (-580-<780 ka)

-2.0 Ma or >2.6 Ma
from magnetic

polarity and Silverado
.. . ... ...._p~L~?_~to lo~y .. .

-2.0 Ma or >2.6 Ma
from magnetic

polarity and
paleontology

San Pedro Formation
Lower

Pleistocene

Upper
Pliocene

Pico/Femando
Formation

Pliocene C
>2.6 Ma from

magnetic polarity and

paleontology
Pico Pico
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Units 1 through 3 were penetrated by many of the deeper on-land borings drilled for this
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand samples are from
the Gaspur Formation. The over-water horings generally penetrated deeper and extended through
the Gaspur into the upper part of the Lakewood Formation. Other units of the stratigraphic
succession (e.g, the Mesa and Pacific parts of the Lakewood Formation) are present in areas
adjacent to the project area but were eroded away by the erosion that accompanied deposition of
the Gaspur sediments and therefore are not important to the project. Likewise, the San Pedro
formation is deep below the site and is not important to the project.

3.3 Geologic Structure

The regional geological structure was introduced above in the geological Setting. The project
area is near the crest of the Wilmington Anticline (Figure 5) which is a west-northwest trending
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late
Pleistocene strata (Lakewood Formation) form a thin veneer across the Wilmington fold and
appear to be unaffected by the deeper folding and faulting.

There are no known active faults at the project site. The nearest major active faults are the Palos
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the northeast
(Figures 5 and 6). The Thums-Huntington Beach fault is deep below the surface (Figure 6). This
fault is a thrust fault dipping northeasterly at about 25-35 degrees. Some geoscientists suspect the
fault is a potentially active blind thrust fault but high-resolution geophysical data clearly show
the fault does not displace sediments younger than 3 or 4 million years old (Schell, 2007).
Furthermore, the fault displacement diminishes toward the northwest and is virtually nil under
the project area (Figures 5 and 6).

3.4 Seismicity

The project site is in seismically active southern California. The present-day seismotectonic
stress field in the Los Angeles region is one of north-northeasterly compression. This is indicated
by the geologic structures, by earthquake focal-mechanism solutions, and by geodetic
measurements. These data suggest crustal shortening of between 5 and 9 mm/yr across the
greater Los Angeles area (Argus et al., 1999).

Historical earthquake epicenter maps show widespread seismicity throughout the region. The
larger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose
clusters along the Newport-Inglewood Structural Zone, along the southern margin of the Santa
Monica Mountains, along the northern side of the San Fernando Valley, the southern margin of
the San Gabriel Mountains, and in the Coyote Hills-Puente Hills area. Although historical
earthquakes have occurred in proximity to known faults, they are often difficult to directly
associate with mapped faults unless there was a surface rupture or a robust sequence of
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be
correlated with k110\\-11 faults. Part of the correlation difficulty is due to the fact that the basin is
underlain by the subsurface blind thrust faults that are not likely to be discovered until they
rupture during an earthquake:
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The largest historical earthquakes in the region were the 1994 Northridge and the 1971 San
Fernando earthquake both of which occurred north of the Los Angeles Basin (Figure 7). The
1994 earthquake had a moment magnitude (MW) of about 6.7 (MS = 6.8, ML = 6.4), and
occurred on a southerly dipping subsurface fault which was unknown prior to the earthquake.
The main shock occurred at a depth of about 12 miles below the community of Reseda in the San
Fernando Valley. Earthquake aftershocks clearly defined the rupture surface dipping about 35
degrees southerly from a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The.
causative fault was never identified with certainty, but it may have been on the eastern extension
of the Oakridge fault (Yeats and Huftile, 1995), a southerly dipping fault bounding the Ventura
Basin and dipping under the Santa Susana Mountains.

The 1971 San Fernando earthquake was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the
1994 event but did involve surface rupture. The 1971 event occurred on a northerly dipping
thrust fault that dips from the northern side of the San Fernando Valley to a depth of about 9
miles under the San Gabriel Mountains. Several mapped surface faults such as the Sylmar fault,
Tujunga fault, and Lakeview fault were involved. These faults are commonly considered to be
part of the Sierra Madre fault system which extends easterly along the southern margin of the
San Gabriel Mountains from the San Fernando Valley to the north side of the San Gabriel
Valley, and to the Cucamonga fault in the San Bernardino area.

The largest historical earthquake in the Los Angeles region to have a major impact on the site
area was the 1933 Long Beach event which had a magnitude of about MW = 6.4 (ML = 6.3).
This earthquake did not rupture the surface but is believed to have been associated with the
Newport-Inglewood Structural Zone because of the distribution of aftershocks and the
abundance of ground disturbances in proximity to the fault zone (Figure 7). Although ground
failures were abundant along the NISZ trend, no unequivocal surface rupture was identified
(Benioff, 1938). Reevaluation of the seismicity data by Hauksson and Gross (1991) led to
relocation of the 1933 earthquake hypocenter to a depth of about 6 miles below the Huntington
Beach-Newport Beach city boundary.

The] 987 Whittier earthquake (ML = 5.9, MW = 5.9) occurred on subsurface faults dipping
under the Puente Hills to about 10 miles beneath the San Gabriel Basin (Shaw and Shearer,
]999; Shaw et a1., 2002). This zone of faults is referred to as the Puente Hills blind thrust fault
system (Figure 4). This event did not rupture the ground surface.

Another significant earthquake in the Los Angeles region was the 1812 earthquake which caused·
damage at the San Juan Capistrano Mission. The location and magnitude of the 1812 earthquake
are unknown because of the sparse population at the time, but geological studies (Jacoby et a1.,
1988; Weldon et al., 2004) postulated that it did not occur in the Los Angeles Basin area, but
rather, was a large CM> 7.0) distant event on the San Andreas fault in the Wrightwood area of the
San Gabriel Mountains.

The earliest documented earthquake in the region was reported by the Spanish Portola'
expedition as they camped near the Santa Ana River in 1769. This event has been attributed by
various geoscientists to just about every fault in the Los Angeles area but it could just as well
have been a distant event thai. shook a wide area as did the 1971 San Fernando, the 1987
Whittier, and the 1994 Northridge events .. as well as many other more-distant events (for
example, the 1812 or 1992 Landers events).

Earth Mechanics, Inc.
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3.5 Geologic Hazards

3.5.1 Surface Fault Rupture

No surficial faults are known at the site, therefore the potential for ground rupture due to faulting
is negligible. The nearest major faults with a known potential for surface rupture are the
Newport-Inglewood zone to the northeast and the Palos Verdes Hill fault to the southwest
(Figures 4, 5, and 6).

3.5.2 Subsidence

The ground surface in the Long Beach Harbor area has undergone substantial lowering during
the 20th century due to subsidence of the sediments and rocks underlying the area. Some of this
subsidence may have been due to natural causes (e.g. natural ground-waterdecline, sediment
compaction, tectonics, 1933 Long Beach earthquake), Harris (1945) estimated natural subsidence
of about half an inch per year. The principal cause of the subsidence has been attributed to
withdrawal of oil and gas (Allen, 1984; Strehle, 1987), but ground-water extraction undoubtedly
contributed, perhaps 2. feet out of the 29 feet (7%), to the total subsidence.

Subsidence accelerated with development of the Wilmington oil field in 1936. The area of
subsidence forms a circular or bowl-shaped area centered on the nOliheast comer of Terminal
Island (FigLU·C SA). The maximum subsidence in the center of the subsidence bowl is about 29
feet. Subsidence along the Heim Bridge project corridor in the westem part of the subsidence
bowl was about] 4- feet (Figure 8A). The maximum rate of subsidence reached about 2.4 feet per
year by 195}. The subsidence was so great that dikes had to be built within the harbor area to
prevent flooding by sea water. Some of the subsided areas behind the dikes have recently been
filled bringing the ground surface back to above sea level (--0 -+- 15 feet).

Subsidence was arrested by restoring pressure to the oil zones through injection of water into the
oil wells. This has not only stopped subsidence but has resulted in some rebound, and also has
been of economic benefit by driving more oil to the producing wells. Initial injection began in
1953 but was not fully established until about 1958; by 1961 injection was widespread.
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in 1958
and reached a maximum by about 1964 with only minor fluctuations since. Maximum elevation
rebound has been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet
(Figure 8B).

The subsidence did not cause significant damage to most surface facilities but it did damage oil
wells at about 1,50Clc·2,OOO feet depth, and induced several small earthquakes. In all, -about 500
wells were damaged. Some of the oil well casings were sheared off or so severely damaged that
the wells had to be abandoned and redrilled,

Mathematical calculations indicate that up to 66 feet of subsidence could occur if alloweclto
continue unchecked. To prevent and control further subsidence, injection must be rnaintaiued
even after cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department

Earth Mechanics, Inc.
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(LBGOD) surveys elevation changes twice a year, and monitors oil field fluid injection designed
to correct elevation changes. The LBGOD estimates survey accuracy of about 0.24 inches; areas
are considered to be stable if elevation changes are less than that (LBGOD, 2009) .. Bench marks
rise and fall in a somewhat random manner that is not completely understood but injections do
seem to correct elevation changes. The correlation between injection and elevation rebound
appears to be good, but it may take a few months to a year or so to be fully realized.

There are 3 "index" bench marks near the Heim Bridge; one at the n011h abutment and two more
a little farther to the north. Several other bench marks are scattered around the bridge area. Based
on measurements of these benchmarks, it appears that subsidence of the Heim Bridge area has
resumed since 1995 and total subsidence of about 2 feet has been observed in the Heim Bridge
area since 1995. During the recent years, the annual subsidence rate seems to have decreased;
Measurements were approximately 0.6 in. during the period between May 2007 and April 2008
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009).

3.5.3 Flooding

The flood inundation map in the Los Angeles County safety element of the General Plan (1990)
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in
the San Femando Valley. However, the reservoir volume, even in the extremely rare case of
when it is full, is quite small and it is difficult to imagine that a significant flood surge could be
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and
Los Angeles Basin; therefore, the potential for flooding of the site is considered low.

3.5.4 Tsunami and Seiche

Tsunamis me sea waves generated by submarine earthquakes, landslides, and volcanic eruptions.
Seiches are waves intemal to an enclosed or highly restricted body of water that wash back and
forth across the basin. Smaller tsunamis may be common but their run-ups are no more than
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunamis
are caused by submarine earthquakes with a magnitude of about 7 or larger.

Most tsunamis to affect the Los Angeles-Long Beach harbor areas have been generated by
distant earthquakes although California has had few locally generated, historic tsunamis, namely
the 1812 Santa Barbara earthquake and the 1927 Point Arguello earthquake. According to
Houston (1979), the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being
the worst) indicating a potential for water run-ups of 5 to 15 feet.

California has been struck by several other significant tsunamis generated in the northern Pacific
(for example, the 1946 Aleutian earthquake ofMw = 7.8 and 1964 Alaska event ofMw = 9.2);
and in the southern Pacific (1922 Chile earthquake ofMw = 8.4 and the 1960 Chile event ofMw
= 9.5). The 1964 Alaska earthquake caused severe damage and 15 fatalities in northem
California. In southern California, the most serious recorded tsunami was generated by the 1960
Chile earthquake. The greatest damage OCCUlTed in the Long Beach-Los Angeles Harbor where
5-foot-high seiche waves surged back and forth in the channels. Currents of 12 knots were
reported as the water rose and fell rapidly. A 6,..foot drop in water level OCCUlTed in 1 minute at

Earth Mechanics, Inc.
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Long Beach and 3 foot drop in 5 minutes along the Cerritos Channel. The currents tore some 300
small boats and yachts from the slips and as many as 30 were sunk. Damage was estimated at
between $500,000 to over $] ,000,000.

A comprehensive tsunami analysis for the ports of Long Beach and Los Angeles by Moffat &
Nichol (2007) basically confirmed the tsunami hazard from distant events. The analysis included
tsunamis generated by local sources such an earthquakes in the nearby offshore Southern
California Continental Borderland, and by landslides off the Palos Verdes shelf. No tsunamis
have been documented from such local events during historical times. These events are
extremely rare with recurrence intervals up to about 10,000 years. The results of the analysis
indicate that the maximum water level within the Cerritos channel near Heim bridge could be as
high as about 11 feet, Current speeds should be less than about 3 ft/sec.

Earth Mechanics, Inc.
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4.0 SUBSURFACE CONDITIONS

4.1 Subsurface Conditions

Soil stratigraphy is defined by the available soils information and the exploratory borings and
CPT soundings (described in Section 2) performed under the supervision of EMI personnel for
the project. Within the depths explored (down to about elevation -149 ft), the subsurface profile
consists of about 75 ft of interlayered alluvial deposits overlying Gaspur Formation sand.

At the subject site, natural grade lies at an elevation of about zero, with a few feet of import fill
for the existing northern approach embankment to Schuyler Heim Bridge extending to a
maximum elevation of about +2 ft near the southern end of the two walls. The near surface
deposits consist of silty sand and sandy silt between natural grade and about elevation -5 ft. The
near surface deposits are underlain by a thick strata of inter-layered medium stiff to stiff silt,
sandy silt, and some clay and loose to medium dense silty sand down to about elevation -60 ft.
Below elevation -60 ft, lies the Gaspur Formation which consists of dense to very dense sand and
silty sand within the depths explored.

It should be noted that the above soil description is general and is intended to describe the
subsurface in very broad terms. The soil descriptions above should not be construed to mean that
the subsurface profile is uniform and that soil is homogeneous within the project area. For details
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of the report.

4.2 Groundwater Conditions

During the EMI investigation in 2009, groundwater was recorded in all four of the borings
performed near the proposed walls between elevation -9.9 ft and -11.9 feet. The elevation that
groundwater was encountered in each boring is listed in Table 2 and also on LOTB sheets at the
end of the report. However, due to the proximity of the site to the Cerritos Channel, where the
water elevation is dictated by tidal fluctuations, higher groundwater elevations than those
encountered during the field investigation are likely.

Based on the observed high water groundwater elevation for the Cerritos Channel, the design
groundwater was placed conservatively at elevation +5 ft or the ground surface in locations
where finished grade is proposed to be below elevation +5 ft.

4.3 Idealized Soil Profile

Based on information collected from borings R-09-033, R-09-034, R-09-035, A-09-056 and CPT
soundings CPT-09-066 and CPT-09-098 an idealized soil profile for foundation analysis and
design was developed along the aligmnent of the proposed walls. The subsurface profile beneath
the proposed structures is shown in Figure 9. The soil profile and design strength parameters are
presented below in Table 4.

Earth Mechanics, Inc.
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TABLE 4. IDEALIZED SOIL PROFILE AND PARAMETERS

Approx. EJev. (ft) Predominant Soil Type
Total Unit

Weight
(Ib/ft 3

)

Cohesion
(Ib/ft 2

)

Friction
Angle

(degree)

+24 to +2.0 Silty Sand (assumed MSE fill) 120 0 34---_ - ..- __ _-_..-_...... . _.__.._ __ __ _ __ - ..-.._._ _--------_._------_._-----_ __---_ ----_ -.~ _----
+2.0 to -5.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 32-_.._-_ _-_....•_--_........... . __ _ _ __ -.._-- _------_ - __._---_.---_ _---_._----..-._-_.------_.__._ -..__.-_ _._-_ ..

-5.0 to -17.0 Sandy Silt / Silty Clay / Lean Clay 120 600 0--_ _ __ _-- - _.._-_ _ _ _- __ _ _--------_ _-_._.._---_._---------------_._-_._-------_._._-_.
-17.0 to -25.0 Clayey Silt / Sandy Silt / Silty Sand 120 800 0

_._.._._ _-_._._._._--_ ," ....•..•..•_._ _._-_.__._._.._.._.._......••.._-._-_..-.._---- --------------_._--_..-_._ _._-_.__._---_..__._--._-.-.__ _-
-25.0 to -43.0 Silty Sand / Sand with Silt / Sandy Silt 120 0 32_..-._.._.._--_..----_ _-_....... . _._- __ __ _.•.•.•...._ _ _-..__ _-_ _.__.__ - __ _._.._------_._--_..__._.._._._-_._ _.__._---------_._._--_.__.-----_.-
-43.0 to -55.0 Clayey Silt! Sandy Silt! Silty Sand 120 2,500 0__.__ .._ _.._._ __ _ __ _ _._ _ __. _.._..__ _.__.__.. · · ·__·~_.__._·_· M.__.._.__._.. ._M_

-55.0 to -65.0 Sand with Silt / Silty Sand / Sandy Silt 120 0 34
- _---_ _-_.._ _ __ _ _........•....._ _._..~ - __........•...._-_ _ _.._ __.._-_.-..-----_._----_.._------------------_.-_.__.._.._._-_._--- - .._-_.-

-65.0 to -150.0 Sand / Sand with Silt! Silty Sand 125 0 38
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Seismic Evaluation

As part of EMI's scope of work for the Schuyler Heim Bridge (Replace) project, a ground
motion study was performed in accordance to with the 2009 Caltrans Seismic Design Criteria
(Caltrans, 2009). Due to the weak near surface deposits encountered throughout the project area,
a site response analysis was performed to develop the design acceleration response spectra.

As described in Section 2, down-hole shear wave velocity measurements were taken.in six of the
rotary wash borings performed along the mainline bridge alignment. Shear wave velocity
profiles were generated for the upper 30 meters (100 ft) of the soil profile and input into the
program SHAKE91 along with the seven sets of spectrum compatible time histories to develop a
site specific ARS spectrum. The design ARS spectrum was generated by enveloping the mean
plus one standard deviation surface ground accelerations from the SHAKE analysis. Details of
the site specific ground motion study me summarized in a memorandum prepared by EMI, which
is included in Appendix E.

The site response analysis, performed in accordance with the 2009 SDC, results in a peak ground
acceleration (PGA) of 0.5g for the site. Liquefaction potential and seismic settlement analysis
were performed using a PGA of 0.5g resulting from a magnitude 7.0 event. Pseudo-static global
stability analyses were performed using a seismic coefficient of 0.17 equal to one-third the PGA
in accordance with Caltrans guidelines (Caltrans, 2006e),

Ground_ Rurrillre: No known active surface faults traverse the project area. The California
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the
proximity of the site. Therefore, the risk of ground surface rupture and related bazards is
considered low.

5.2 Soil Liquefaction Potential and Seismically-Induced Settlement

The liquefaction potential of the saturated, granular materials below the water table was
evaluated using the procedures outlined by Seed et al. (1983) and updated by NCEER (1997) and
Youd et al. (2001). For liquefaction potential evaluation of clayey soils, the procedure outlined in
Boulanger and Idriss (2006) was used. The seismically-induced soil settlement was estimated
using the procedures outlined by Tokimatsu and Seed (1987). As discussed in Section 4.2, the
design groundwater was assumed to be at the lower of elevation +5 ft or the ground surface for
the liquefaction potential evaluation.

Layers, pockets and lenses of saturated coarse-grained alluvial deposits above the dense Gaspur
Formation (located below approximate elevation -65 ft) are expected to be susceptible to
liquefaction. Seismically induced-settlements of a few to several inches are anticipated. The
elevations of the potentially liquefiable material and the corresponding anticipated seismic
settlements are shown in Table 5. The location of the potentially liquefiable material during the
design earthquake is also identified in the subsurface profile shown in Figure 9.
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TABLE 5. LIQUEFACTION AND SEISMIC SETTLEMENT ANALYSIS RESULTS

-45 to -55 1.8

Boring/CPT
Sounding No.

R-09-033

R-09-034

Approximate Elevations of
Liquefiable Zones

(ft)]

-16 to -31

-37 to -42

-10to-40

Layer Approximate
Seismically induced
Settlement (inches)

3.I

0.1

7.7

Total Approximate
Seismically induced
Settlement (inches)

3.2

9.5

R-09-035
+2 to -5 0.7-_ __•...,------_ __ __ _ _._ _..__ __.._.__ _._.._----_.__.._._--_._------

-25 to -40 5.6
6.3

-32 to -37 1.3
-------_.__ - _ _._.._ - _----_..-- _--_ _---A-09-056

-17to-27 3.4
4.7

-4.0 to - I0.0 0.5-_.._._--_._..__ _.._.......... . ..._.__ _-_ _ _ _..__ _._--_ _.-----
-22.6 to -24.8 0.6_.__ __ .__.._..__ _ -._ __ _ _-_ _._._._ _-_._._-

CPT-09-066 -28.5 to -33.5 0.6

-37.0 to -39.3 0.3

-47.8 to -52.2 0.2

-3.8 to -7.4 0.3
...._ _-_._- _.. . _ ___ _.._ _ _-_..__ _-_..__..-

CPT-09-098 -17.1 to -38.7 0.1-_._-_.._._._ _-_..__ ,._- _.._._ _._._._._ __.__._._-_._._--_._--_.
-41.3to-43.] 0.1

Notes: 1. Elevations are based on NAVD88.

5.3 Soil Corrosivity

2.0

0.5

Samples representative of soils throughout the project area were tested to determine corrosivity
including minimum resistivity, pH, soluble sulfate content, and soluble chloride content. Six soil
samples were tested for corrosivity using the procedures described in Califomia Test methods
417, 422, 532, and 643. The pH was determined to vary between 7.7 and 8.7, the minimum
resistivities were 230 and 670 ohm-ern, soluble chloride contents were 514 and 6,316 parts per
million (ppm) and soluble sulfate contents were 107 and 915 ppm.

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5
or less, or the chloride concentration is 500 parts per million (ppm) or greater, or the sulfate
concentration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered
to be corrosive.

The backfill for the reinforced soil mass should conform to the corrosion requirements per
Caltrans Standard Special Provision (SSP) for MSE walls. For MSE walls with metallic soil
reinforcement, the permeable backfill material should meet the following requirements:
minimum resistivity of 2,000 ohm-ern, chlorides less than 250 ppm, sulfates less than 500 ppm,
and pH between 5,5 and 10. Permeable material with geosynthetic soil reinforcement should
have a pH between 4.5 and 9.0.
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5.4 Mechanically Stabilized Earth Wall Recommendations

As discussed in Section 1.2, the maximum design height of the MSE is about 22 ft. Due to the
presence of compressible soil, construction of the proposed SR-103 Off-Ramp embankment is
expected to induce long-term consolidation settlement within the footprint of the proposed
approach. Several wall altematives were considered, and ultimately an MSE wall was selected
because of its ability to tolerate substantial amount of total and differential settlements.

The MSE wall should be designed based on Section 5 of the Caltrans BDS (Caltrans, 2004).

5.4.1 Lateral Earth Pressures

Using Section 5.5.5.8 of the Caltrans BDS (Caltrans, 2004), an active earth pressure coefficient
of 0.3 and a soil unit weight of 120 pcf is recommended for the proposed MSE wall (i.e., 36pcf
equivalent fluid pressure), which retains level backfill. An additional lateral uniform pressure of
75 psf due to a traffic surcharge equivalent to a vertical pressure of 250 psf should be added to
the above lateral earth pressure values, where applicable. The lateral active earth pressure
resultant should be applied to the back of the MSE wall at H/3 ft above the bottom of the wall (H
is the wall height in ft).

Per Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of earthquakes need to be
considered in the design of retaining walls which support bridge abutments, soundwalls, or other
installations for which there is a low tolerance for failure. Since the subject MSE wall does not
support any structure for which there is a low tolerance for failure, per Caltrans practice, the
MSE wall need not to be designed for seismic earth pressures.

5.4.2 Bearing Capacity

Bearing Capacity of MSE Structure: Using the maximum wall height of 26 ft and base width of
26 ft near the southem end of the walls at Sta. 426+06 ("E" Line), the bearing pressure induced
on the underlying foundation soil is 3.8 ksf. Using a base width of 26 ft and a remedial
excavation of 3 ft (see Section 5.4.8), the allowable bearing capacity of the soil directly beneath
the MSE wall is greater than 3.8 ksf. Therefore, the allowable bearing capacities exceed the
bearing pressures induced by the wall.

Bearing C-'ill.~9!J· of Leveling Pad: Leveling pads should be embedded to a depth ofO.lH (where
H = height of wall in feet), but not less than 3 ft below lowest adjacent grade. Using a remedial
excavation of 3 ft below the leveling pad, the allowable bearing capacity for the leveling pad is
recommended to be 2.5 ksf.
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TABLE 6. MSE WALL EIfE2 STABILITY ANALYSES

Approx.
"E"
Line

Station

426+25

Max MSE Bearing Capacity Global Stability

Wall Strap Factor of Safety Factor of Safety
Height Length

During During
Cft) Cft) Surcharge

Permanent
Surcharge

Static'! Psuedo-Static(l)

26 26 1.26 2.40 1.26 1.57 1.13

Notes:

(1) Factor of safety based upon level backfill and 240 psf equivalent vehicle surcharge for static condition. No
vehicle surcharge for psueudo-static condition.

(2) Governing psuedo-static factor of safety based upon static horizontal inertial force equal to one-third the
peak design ground acceleration; 0.17g per Caltrans guidelines (2006e).

(3) Demand bearing pressures for MSE walls as shown in Catrans Bridge Design Aids, 2002 for Loading
Condition 1.

(4) A remedial overexcavation of3 ft below the leveling pad and the MSE was considered in the analysis.

5.4.3 Settlement

Standard procedures were used to evaluate ground settlement of the underlying foundation soils
due to the proposed MSE and associated embankment fill placement. Generally, fills induce
immediate and consolidation settlement of underlying soils. Immediate settlement occurs during
grading and consolidation settlement occurs over varying time periods. Consolidation settlement
(magnitude and time period) is directly related to the depth of fill placed over compressible soil
and the thickness of compressible soil layers. Immediate settlement which is estimated to be
negligible in this case occurs during grading or shortly thereafter, while consolidation settlement,
which in this case is considerable, occurs over varying time periods.

One cross-section was selected to evaluate the potential settlement beneath the proposed wall
approximately 25 ft from the southern terminus of the wall near "E" Line Sta. 426+25 ..

Based on cross-sections provided by the roadway designers, the existing embankment at "E"
Line Sta. 426+25 will be approximately 57 feet wide at the crest and the embankment height is
approximately 20 feet above existing grade. Based on our calculations, the maximum settlement
of soils underlying the proposed embankment is estimated to be about 10 inches. The settlement
period is estimated to be about 20 weeks to reduce the remaining long-term settlement to less
than liz-inch. If a 5-ft embankment surcharge is applied, the settlement period is reduced to about
11 weeks. For a 7-ft embankment surcharge, the settlement periods is reduced to about 9 weeks.

The surcharge heights referred to in these recommendations are measured relative to the finished
grade of the proposed embankments. Settlement periods with surcharge begin once the full
surcharge height is completed. Waiting periods without surcharge begin once the project grade is
constructed to the top of the finished subgrade.

Settlement 110nitoring Recommendations: Based on our experience, the calculated settlements
and settlement periods are approximations of actual field observations. Due to the variability of
subsurface conditions and the thinly layered nature of soil deposits, settlement monitoring is
recommended.
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A settlement monitoring program should be implemented for the proposed MSE wall. Surface
monuments should be placed on the face of the MSE wall to measure any vertical or lateral
movement. In addition, surface settlement monuments, constructed in accordance with Caltrans
Standard Plan Sheet A74 or equivalent (CaItrans, 2006b), should be placed at the maximum wall
heights and at every 100 ft along the length of the MSE wall. The settlement monuments should
be installed in a timely manner upon completion of wall construction. Special care should be
exercised in the field to survey and protect these settlement devices. The monuments should be
monitored at the time of installation, on a weekly basis for a month, and then once every 2 weeks
thereafter until it has been verified by the Engineer that the remaining settlement for the
embankment is acceptable. The uppermost levels of wall facing, coping, roadway pavement,
hardscape, and any other improvements should not be constructed until the remaining settlement
is within acceptable limits (i.e., 'ii-inch or less).

5.4.4 Ovcrexcavation

Along the proposed wall alignment, the base of the MSE structure will be founded on native
soils. EMI recommends remedial grading consisting of a 3-ft overexcavation. The bottom of the
overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned to near
optimum moisture content, and compacted according to CaItrans Standard Specifications
(2006c). The overexcavation should be backfilled using granular, non-expansive soils. In the
event the bottom of remedial excavations become saturated due to the presence of shallow
groundwater or seepage, self compacting material such as gravel or lean concrete slurry can be
placed within the limits of the overexcation. The overexcavation should extend at least 3 ft
beyond the outer edge of the leveling pad and 3 ft beyond the back of the reinforced zone behind
the wall.

5.4.5 Global WaH Stability

The "global" stability of the MSE was evaluated for both static and pseudo-static conditions
using the computer program GSTABLE7 (Gregory, 2006). Strengths of liquefiable soils were
estimated using the method outlined in Seed and Harder (1990). The material used for the fill is
assumed to have a friction angle of 32 degrees and minimum cohesion of 200 psf. The cross
section selected for stability analysis was near "E" Line Sta. 426+25.

The soil strength within the reinforced earth zone is assumed to have a friction angle of 34
degrees and zero cohesion. The in-situ shear strengths of existing fill material and in-situ native
soils vary and are provided in Table 4.

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability analysis for
the seismic condition was performed using the pseudo-static approach with a seismic coefficient
of 0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peak horizontal
acceleration (0.5 g, based on the site specific ground motion study, see Appendix F) but not
exceeding 0.2.
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According to the results of the analyses and Caltrans guidelines, the slopes meet the minimum
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the
seismic condition per Caltrans Foundation Design Guidelines (2006e).

5.4.6 Drainage

Sufficient drainage should be provided at the roadway surface of the embankment and between
the pavement structure and the top of the MSE Wall to minimize accumulation of water within
the MSE mass during the life of the structure.

5.5 Settlement of Adjacent Utilities

Topko Pipe. An existing 60-inch Corrugated Metal Pipe (CMP), which contains an 8-inch
diameter Topko oil line and 8-inch diameter water line inside, crosses beneath the proposed MSE
at approximate "E" Line Sta. 427+65. At the location where the CMP crosses beneath the
proposed embankment, the embankment height is approximately 16 ft and the width of the
proposed embankment is approximately 57 ft.

Settlement of compressible fine-grained soils underlying the Topko pipe is estimated to be about
5 inches, 2.5 inches and 0.25 inches at the centerline of the embankment, beneath Retaining
Walls El/E2 and about 25 ft beyond the toe of Retaining Walls ElfE2, respectively.

A Technical Memorandum was prepared by EMl (EMl, 2009) that specifically addresses
settlement of foundation soils underlying the Topko Pipe. The memorandum includes cross
sections of locations where the CMP line crosses beneath the proposed embankment, and the
estimated settlement profile of the CMP at those locations. This memorandum is included in
Appendix F.

Proposed Drainage Structure No. 34. A 24-inch diameter reinforced concrete pipe (Rep) storm
drain, which runs in a north-south direction beneath the proposed MSE, will be abandoned due to
the proposed improvements. The existing storm drain will be capped and replaced with proposed
Drainage Structure No. 34 (DS 34) that will consist of a 24-inch diameter RCP that will connect
to another existing storm drain located to the east of proposed Retaining Wall E2. DS 34 will run
in an east-west direction crossing the "E" Line about 35 ft south of the proposed MSE (in front
of Abutment 27 of the SR-103 Off-Ramp) and then tum north, running parallel to the "E" Line
approximately 10 ft west of the toe ofRetaining Wall

Settlement estimates along the proposed aligmnent of DS 34 are anticipated to vary from less
than O.S-inch to a maximum of about 3-inches adjacent to Retaining Wall El. The estimated
maximum differential settlement along the alignment of DS 34 is approximately 2.S-inches over
a 100-ft oflength of pipe.

The proposed storm drain is expected to be sensitive to differential and total settlement due to
gravity flow within the Rep. If the proposed settlement magnitudes are determined to be outside
the tolerable limits of the storm drain, construction ofDS 34 should not be initiated until after the
settlement period f.JI the proposed MSE is complete or the surcharge has been released
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Settlement recommendations including embankment surcharge and settlement period estimates
for the proposed MSE are included in Section 5.4.7.

5.6 Pier A Development

As part of its future development plans, the Port of Long Beach is considering expanding Pier A
beneath the proposed Schuyler Heim Bridge Replacement south of the subject MSE walls. A
Technical Memorandum has been prepared by EMI (EMI, 201 Oc) that details the potential
development plans and the impact of the proposed development on the storm drain and sewer
lines and recommends appropriate mitigation measures.
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6.0 CONSTRUCTION CONSIDERATIONS

All work should be performed in accordance with the Caltrans Standard Specifications (Caltrans,
2006c) except as indicated in the Special Provisions prepared for the project improvements.

6.1 Earthwork

6.1.1 General

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard
Specifications (Caltrans, 2006c). Appropriate measures should be taken to prevent damage to
adjacent existing structures and utilities. Design and construction of temporary slopes or shoring
should be made the contractor's responsibility. It should be noted that it is the responsibility of
the contractor to oversee the safety of the workers in the field during construction. The contractor
shall conform to all applicable occupational safety and health standards, rules, regulations, and
orders established by the State of California. In addition, other State, County, or Municipal
regulations may supersede the recommendations presented in this section. If a trench shoring
design and safety plan is required, the geotechnical consultant should review the plan to confirm
that recommendations presented in this report have been applied to the design.

Heavy construction equipment should not be used immediately adjacent to shoring due to large
lateral pressures induced by such equipment unless the shoring is designed to accommodate
resulting pressures. Excavated soil or construction materials should not be stockpiled adjacent to
shoring or open excavations. Stockpiled soil and construction materials should be set back a
distance at least equal to the height of the excavation.

In fill areas, complete removal of compressible surficial materials including vegetation, topsoil,
loose or soft alluvium, and otherwise unsuitable material is required prior to fill placement. A
minimum overexcavation of 2 ft is recommended within all areas to receive compacted fill; the
overexcavation should extend horizontally 3. minimum distance of 2 ft from edges of new fills or
structures. Actual depths and extent of the required removals should be determined in the field
by qualified geotechnical personnel. Overexcavated areas should be cleaned of loose soils and
debris and should be observed to be finn and unyielding before receiving fill. The bottom of the
overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned to near.
optimum moisture content, and compacted in place to at least 90 percent relative compaction.

6.1.2 Cuts and Excavations

Preliminary plans do not show any permanent cuts necessary to achieve finish grades. However,
temporary cuts may be required to facilitate the construction of proposed improvements,
Temporary excavations, including temporary sloping or shoring, will need to be designed by the
contractor for local and global stability, once the means and methods of construction me
determined.
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6.1.3 Groundwater Control

Groundwater was encountered In all four of the borings performed near the proposed wall pair
between elevation -9.9 and -11.9 ft. Based on latest cmss_sediQns_pJ:m.Lided_b~Jhe_designers,_the_
bottom uf proposed leveling pad varies between about elevation +0 and -5 ft. 'The deepest
excavation for the proposed MSE wall is expected to be a couple of feet above the observed
groundwater elevations. However, due to the proximity of the site to the Cerritos Channel where
the water elevation is dictated by tidal fluctuations, higher groundwater elevations than those
encountered during the field investigation are likely; therefore, the contractor should be prepared
to control groundwater during footing construction. Any groundwater encountered during
tooting construction should be controlled in accordance with Section 19-3.04 of the Caltrans
Standard Specifications (2006c). Any seepage or groundwater removed from an excavation
should be tested and disposed of in compliance with all applicable local, state and federal
requirements. Free water should not be allowed to stand in any excavations. If excavations
become flooded, at least the bottom 6 inches of soil should be removed and replaced or re
compacted to 95 percent relative compaction. Additional removals may be required at the
discretion of the Engineer.

6.2 Review of Construction Plans

Recommendations contained herein are based on current design information. The geotechnical
consultant should review the final construction plans and specifications in order to confirm that
the general intent of the recommendations contained in this report have been incorporated into
the final construction documents.

6.3 Geotechnical Observation and Testing

Qualified geotechnical personnel should perform inspections and testing during the following
stages of construction:

III Grading operations, including excavations and placement of compacted fill.
• Placement of reinforcing elements for the MSE structure.
III Shoring installation.
It Removal or installation of support of buried utilities or structures.
.. When any unusual subsurface conditions are encountered.
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APPENDIX A. EARTHSPECTIVES SPT HAMMER ENERGY MEASUREMENT
REPORT



EARTHSPECTIVES
250 Goddard
Irvine, California 92618

Phone: (949) 777-1270
Fax: (949) 777-1283

EarthMechanic, Inc.
17660 Newhope, Suite E
Fountain Valley, California 92708

Attention: Mr. Ranjan Guneranjan

Dear Ranjan:

SPT Hammer Energy Measurement
Borings A-09-053, R-09-004, and R-09-009
ACTA Schuyler Heim Bridge Replacement
Long Beach, California
ES Project No. 09095-141

INTRODUCTION

November 12, 2009

This letter report summarizes the results of EarthSpectives' (ES) SPT hammer energy measurements

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It

provides a description of the test program and results.

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and

6066 test standards. Results are summarized in Table 1, while more details regarding energy records

are provided in Appendix A.

TESTING CONDITIONS

Test Borings
SPT hammer energy measurements were performed at three boring locations drilled by three different

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig

equipped with a Automatic trip hammer and HF2-5/8 drill rod, while C&L Drilling samplers were

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made

drill rod.

Instrumentation
SPT energy measurements were performed by placing a 2 ft instrumented section of drill rod at the top

of the drill string between the hammer and the existing sampling rods. The instruments consist of two
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sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The

raw data were stored directly on a portable field computer for subsequent analysis in the office.

RESULTS

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred

energy to rated energy of the hammer which is the product of the weight of the hammer times the

height of fall (140 Ib x 30 inches = 4200 lb-in = 0.35 kip-ft).

TABLE 1 - SUMMARY OF SPT HAMMER ENERGY MEASUREMTS

AVERAGE SPT HAMMER EFFICIENCY
(ENERGY TRANSFER RATIO

SAMPLING DEPTH
BORING A-09-053 BORING R-09-004 BORING R-09-009

(FT)
2R Drilling, Inc. So Cal drilling, Inc. C&L Drilling, Inc.

Hollow Stem Mud Rotary Mud Rotary
Automatic Trip hammer Automatic Trip hammer Rope and Cat-Head

Manual Hammer
5 77%, 92%, 87% -- --
10 72%, 95%, 87% 49%, 76%, 65% 50%, 64%, 58%
15 75%, 84%, 80% -- --
20 73%, 88%, 83% -- 48%, 69%, 61%
21 -- 77%, 80%, 79% --
25 71%,76%,74% -- --
30 70%, 86%, 82% 77%,81%,80% 49%,69%, 58%
35 80%, 84%, 82% -- --
40 79%, 85%, 83% 77%, 84%, 82% 56%,73%,65%
45 81%, 86%, 84% -- --
50 78%, 83%, 81% -- --
56 -- 79%, 82%, 80% --
60 -- 78%, 85%, 83% 49%,74%,64%
70 -- 78%,81%,80% 51%,73%,59%
80 -- 76%, 83%, 82% 47%, 78%, 65%
90 -. 78%, 82%, 80% 41%,76%,54%
100 -. -- 51%,76%,63%
105 -- 75%, 84%, 81% --
110 -. -- 51%,81 %,66%
115 -- 76%, 80%, 79% --
120 -- -- 36%,78%, 62%
125 -- 75%,81%,80% --
130 -- -- 51 %, 80%, 68%
135 -- 73%, 80%, 78% --
140 -- -- 43%,70%,61%
145 -- 75%,81%,80% --
155 -- 78%,84%,81% 36%,75%,62%

NOTE: Numbers in each cell are Min, Max, and Avg efficiency for that sampling depth
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Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of

blow number in Appendix A. Table immediately following the plot also provides the minimum,

maximum, and average values at each sampling depth in addition to raw data.

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall

average of 62 percent for boring hole R-09-009.

LIMITATIONS

Professional judgments represented in this report are based on evaluations of the technical

information gathered, our understanding of the proposed construction, and our general experience in

the qeotechnical field. We do not guarantee the performance of the project in any respect, only that

our engineering work and judqments are rendered while striving to meet the standard of care of our

profession at this time.

CLOSURE

It has been a pleasure serving you on this project and we look forward to working with you again.

Please call if you have any questions.

Sincerely Submitted for EarthSpectives

Hossein K. Rashidi, Ph.D., P.E.
Principal Engineer
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Pile: A-09-053 Proj: ACTA HElM BRIDGE PROJECT Pgl
Info: HOLLOW STEM SP: 0.492 k/ft~3

AR: 1.2 in~2 \'IS: 16808 ft/s
LE: 56.0 ft EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max Fl or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
------- ----------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft s- K-ft bl/min ksi ksi ksi0

1 4 5.00 AV 0.28 82 a 1. 50 204 54.7 20.06 20.13 6.81

25 4 10.00 AV 0.30 87 a 1.54 216 52.6 20.27 20.36 5.80
MX 0.32 92 a 2.70 261 55.2 24.00 24.26 9.85
MN 0.27 77 0 1. 41 204 0.0 19.70 19.82 3.41

62 7 15.00 AV 0.30 87 0 2.83 266 53.3 24.22 24.36 5.75
MX 0.33 95 0 2.92 299 55.2 24.79 25.01 14.34
MN 0.25 72 0 2.16 252 0.0 22.26 22.28 3.10

76 2 20.00 AV 0.28 80 0 2.22 314 51. 6 21.17 21.22 11.75
MX 0.30 84 0 2.32 324 55.0 22.68 22.69 14.29
MN 0.26 75 0 2.16 299 33.8 5.01 5.05 1. 41

113 7 25.00 AV 0.29 83 0 3.02 318 53.6 22.28 22.49 5.85
MX 0.30 88 a 3.24 332 55.4 22.69 22.94 14.43
MN 0.25 73 0 2.27 303 0.0 21.51 21.70 2.08

140 5 30.00 AV 0.26 74 0 2.18 309 53.9 21. 03 21.10 9.06
MX 0.30 76 0 2.29 319 54.2 22.26 22.37 12.58
MN 0.25 71 0 2.10 298 53.3 4.68 4.70 1. 80

153 2 35.00 AV 0.29 82 0 3.14 338 46.0 21.50 21.63 7.73
MX 0.30 86 0 3.19 354 54.7 23.23 23.37 9.57
MN 0.24 70 0 3.01 261 0.0 4.52 4.57 2.90

158 1 40.00 AV 0.28 82 a 2.62 351 43.3 22.84 22.99 13.57
MX 0.29 84 a 3.16 361 54.4 23.20 23.33 15.32
MN 0.28 80 0 2.46 345 0.0 22.64 22.86 9.31

176 3 45.00 AV 0.29 83 0 2.98 360 51. 4 22.73 22.89 8.15
MX 0.29 85 0 3.11 372 54.7 23.06 23.25 16.15
MN 0.27 79 a 2.50 347 0.0 22.24 22.29 7.37

186 2 50.00 AV 0.29 84 0 2.57 363 49.0 22.94 23.10 14.04
MX 0.30 86 a 2.89 375 54.6 23.38 23.42 15.32
MN 0.28 81 a 2.50 348 0.0 22.7l 22.83 10.26

203 2 58.50 AV 0.28 81 0 2.82 362 54.6 22.13 22.34 8.10
MX 0.29 83 0 2.87 372 55.0 22.7l 22.82 9.99
MN 0.27 78 a 2.74 349 54.2 21.74 21.93 7.46



Pile: A-09-053
Info: HOLLOW STEM

BL# COMMENTS
1 JC = 0.70
1 Sample at 5 ft

25 Sample at 10 ft
62 Sample at 15 ft
76 Sample at 20 ft

113 Sample at 25 ft
140 Sample at 30 ft
153 Sample at 35 ft
158 Sample at 40 ft
176 Sample at 45 ft
186 Sample at 50 ft

DRIVEN (2009-0ct-13 : A-09-053.MDF)

Proj: ACTA HElM BRIDGE PROJECT Pg2
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ACTA SCHUYLER HElM BRIDGE REPLACEMENT, BORING HOLE R-09-004. SOCAL DRILLING
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Pile: R-09-004 Proj : ACTA HElM BRIDGE PROJECT Pg1
Info: MUD ROTARY SP: 0.492 k/ft A3

AR: 1.4 in~2 WS; 16808 ft/s
LE: 163.0 it EM: 30000 KSI
---------------------- ------------------------------------------------------ -
EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F

A2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
-----------------------------------------------------------------------------
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft %" K-ft bl/min ksi ksi ksi

1 2 10.00 AV 0.20 59 0 2.79 164 0.0 26.20 32.04 11.83

33 2 21.00 AV 0.22 65 0 3.39 171 39.1 29.39 33.69 12.31
MX 0.26 76 0 4.97 176 40.6 35.16 35.16 18.20
MN 0.17 49 0 1. 90 156 0.0 21. 85 21.85 10.73

53 2 30.00 AV 0.27 79 0 5.19 163 38.4 33.90 33.90 18.14
MX 0.28 80 0 5.33 181 40.7 35.25 35.25 20.04
MN 0.27 77 0 4.95 156 0.0 31.94 31.94 16.83

85 3 40.00 AV 0.28 80 0 5.06 189 39.1 34.43 34.43 17.43
MX 0.28 81 0 5.14 192 40.5 35.24 35.24 20.17
MN 0.27 77 0 4.67 182 0.0 32.26 32.26 15.43

98 1 56.00 AV 0.28 82 0 4.69 207 35.4 32.93 32.93 19.77
MX 0.29 84 0 4.82 213 39.9 33.84 33.84 20.65
MN 0.27 77 0 4.52 184 0.0 32.31 32.31 16.68

120 5 60.00 AV 0.28 80 0 4.82 191 37.9 34.55 34.55 15.49
MX 0.28 82 0 4.93 202 39.9 35.30 35.30 21.62
MN 0.27 79 0 4.47 187 0.0 32.44 32.44 14.43

155 3 70.00 AV 0.29 83 0 4.53 215 39.0 32.96 32.96 18.89
MX 0.29 85 0 4.68 223 40.4 33.99 33.99 21.51
MN 0.27 78 0 4.06 206 0.0 31. 25 31.25 15.91

177 2 80.00 AV 0.28 80 0 4.19 216 38.2 32.36 32.36 14.68
MX 0.28 81 0 4.28 223 40.4 33.53 33.53 17.11
MN 0.27 78 0 4.09 206 0.0 31. 54 31.54 13.13

261 8 90.00 AV 0.28 82 0 4.30 238 39.4 32.11 32.11 13.60
MX 0.29 83 0 4.44 246 40.1 33.19 33.19 16.14
MN 0.26 76 0 4.12 212 0.0 31. 38 31. 38 11. 96

333 4 105.00 AV 0.28 80 0 4.28 235 39.3 32.88 32.88 11.18
MX 0.28 82 0 4.89 242 40.1 34.28 34.28 14.93
MN 0.27 78 0 4.19 202 0.0 31.69 31.69 9.08

414 8 115.00 AV 0.28 81 0 5.01 208 39.2 32.54 32.54 12.80
MX 0.29 84 0 5.27 223 40.0 35.90 35.90 14.87
MN 0.26 75 0 4.60 150 0.0 28.91 28.91 10.42

516 10 125.00 AV 0.27 79 0 5.39 163 39.3 36.22 36.22 12.06
MX 0.28 80 0 5.48 226 40.0 37.09 37.09 14.79
MN 0.26 76 0 4.70 157 0.0 32.53 32.53 9.07



Pile: R-09-004 Proj: ACTA HElM BRIDGE PROJECT Pg2
Info: MUD ROTARY
-----------------------------------~------------------ - - - - - - - - - - - - - - - - - - - - - - -

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft % K-ft bl/min ksi ksi ksi
575 5 135.00 AV 0.28 80 0 5.14 210 38.6 35.68 35.68 12.65

MX 0.28 81 0 5.38 222 39.4 36.75 36.75 14.02
MN 0.26 75 0 4.96 154 0.0 34.28 34.28 11.15

654 7 145.00 AV 0.27 78 0 5.48 156 39.1 35.48 35.48 8.50
MX 0.28 80 0 5.57 190 39.9 36.26 36.26 11.96
MN 0.25 73 0 5.01 142 0.0 34.11 34.11 5.84

738 8 155.00 AV 0.28 80 0 5.11 194 39.0 34.13 34.13 7.09
MX 0.28 81 0 5.29 213 39.7 35.36 35.36 9.97
MN 0.26 75 0 4.02 185 0.0 32.39 32.39 4.89

830 8 165.95 AV 0.28 81 0 4.07 221 39.7 32.50 32.50 6.57
MX 0.29 84 0 4.26 232 39.8 34.26 34.26 9.64
MN 0.27 78 0 3.82 207 39.2 30.05 30.05 4.79

BL# COMMENTS
1 JC = 0.70

53 Sample at 30 ft
98 Sample at 56 ft

177 Sample at 80 ft
261 Sample at 90 ft
333 Sample at 105 ft
414 Sample at 115 ft
516 Sample at 125 ft
575 Sample at 135 ft
654 Sample at 145 ft
738 Sample at 155 ft

DRIVEN (2009-0ct-22 : R-09-004.MDF)



EarthSpectives 2009-0ct-28

ACTA SCHUYLER HElM BRIDGE REPLACEMENT, BORING HOLE R-09-009. C&L DRILLING
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Pile: R-09-009 Proj: ACTA HElM BRIDGE PROJECT Pg1
Info: MUD ROTARY- rope and cathead SP: 0.492 k/ft~3

AR: 1.4 in-2 VW: 16808 ft/s
LE: 165.0 ft EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED

-------------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft 9- K-ft bl/min ksi ksi ksi0

1 3 10.00 AV 0.20 55 0 2.10 0 24.0 28.27 28.27 0.00

34 3 20.00 AV 0.20 58 0 1. 94 127 36.6 18.84 18.84 4.18
MX 0.22 64 0 2.67 178 38.2 21.77 21.77 6.58
MN 0.17 50 0 0.00 0 24.0 6.34 6.34 0.55

56 2 30.00 AV 0.21 61 0 2.26 194 34.2 18.69 18.69 6.31
MX 0.24 69 a 2.96 247 37.1 23.57 23.57 8.24
MN 0.16 48 a 0.00 0 0.0 14.23 14.23 0.51

65 1 40.00 AV 0.20 58 a 1. 89 164 30.2 19.71 19.71 7.25
MX 0.24 69 a 2.60 231 36.5 21.02 21.02 10.52
MN 0.17 49 a 0.00 0 0.0 18.44 18.44 0.90

81 1 60.00 AV 0.22 65 0 2.65 212 32.7 18.96 18.96 7.92
MX 0.25 73 a 3.57 263 36.2 27.82 27.82 9.45
MN 0.19 56 a 0.00 2 0.0 3.14 3.14 0.46

110 2 70.00 AV 0.22 64 a 2.88 219 30.1 21.46 21.46 7.54
MX 0.26 74 a 3.81 262 36.1 29.54 29.54 8.88
MN 0.17 49 0 0.00 a 0.0 17.26 17.26 3.92

147 3 80.00 AV 0.20 59 a 2.23 187 36.3 20.16 20.16 7.94
MX 0.25 73 a 3.15 253 39.1 25.27 25.27 10.30
MN 0.05 51 a 0.00 0 0.0 8.30 8.30 2.89

229 8 90.00 AV 0.22 64 a 2.62 234 36.4 19.28 19.28 5.25
MX 0.27 78 0 3.46 306 38.6 27.34 27.34 7.73
MN 0.16 47 a 0.00 16 0.0 3.27 3.27 0.37

310 8 100.00 AV 0.19 54 a 2.71 245 33.4 21.08 21.08 2.78
MX 0.26 76 0 3.57 351 37.7 26.83 26.83 7.62
MN 0.14 41 a 2.20 22 0.0 5.52 5.52 0.89

394 8 110.00 AV 0.22 63 0 2.83 231 34.5 20.95 20.95 4.04
MX 0.26 76 0 3.90 287 36.8 29.25 29.25 7.67
MN 0.17 51 a 0.00 184 0.0 15.45 15.45 1. 54

481 8 120.00 AV 0.23 66 a 2.72 246 36.9 20.99 20.99 3.31
MX 0.28 81 0 3.48 308 39.7 26.42 26.42 5.42
MN 0.18 51 0 0.00 178 0.0 15.88 15.88 1. 42

591 11 130.00 AV 0.21 62 a 2.87 214 36.6 21.08 21.08 2.77
MX 0.27 78 0 4.16 259 38.7 30.5l 30.51 7.35
MN 0.12 36 0 0.00 123 0.0 13.80 13.80 1.12



Pile: R-09-009 Proj: ACTA HEIM BRIDGE PROJECT Pg2
Info: MUD ROTARY- rope and cathead
-----------------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft !1- K-ft bl/min ksi ksi ksi0

687 9 140.00 AV 0.24 68 0 3.01 236 34.8 23.31 23.31 2.79
MX 0.30 80 0 3.69 303 38.8 28.09 28.09 5.59
MN 0.18 51 0 0.00 13 0.0 3.80 3.80 0.47

780 6 155.00 AV 0.21 60 0 2.86 188 38.0 20.27 20.27 3.95
MX 0.24 70 0 3.77 264 39.8 28.67 28.67 5.87
MN 0.15 43 0 0.00 1 36.0 4.85 4.85 0.56

840 6 164.57 AV 0.21 62 0 2.91 211 38.1 20.71 20.71 1.88
MX 0.26 75 0 3.72 291 39.5 28.13 28.13 3.30
J:'lIN 0.12 36 0 1. 60 121 35.6 13.42 13.42 0.77

BL# COMMENTS
1 JC = 0.70

34 Sample at 20 ft
81 Sample at 60 ft

147 Sample at 80 ft
229 Sample at 90 ft
310 Sample at 100 ft
394 Sample at 110 ft
481 Sample at 120 ft
591 Sample at 130 ft
687 Sample at 140 ft
780 Sample at 155 ft

DRIVEN (2009-0ct-28 : R-09-009.MDF)
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INTRODUCTION

Boring geophysical measurements were collected in six uncased borings for the Schuyler Heim

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisition was

performed between October 19 to November 6, 2009 by Victor Gonzalez and Charles Carter of

GEOVision. Data analysis was performed by Victor Gonzalez and reviewed by Robert Steller of

GEOVision. Report preparation was performed by Victor Gonzalez and reviewed by John Diehl

of GEO Vision. The work was performed under subcontract with Earth Mechanics, Inc. (EMI)

with G. 1. Gunaranjan serving as the point of contact for EM!.

This report describes the field measurements, data analysis, and results of this work.

GEOVision Report 9375-01 rev a Page 5 of 72 November 11,2009



SCOPE OF WORK

This report presents the results of boring geophysical measurements collected between October

19 and November 6, 2009 in six 4 7/8 -inch uncased borings, as detailed in Table 1. The purpose

of the study was to supplement stratigraphic information obtained during EMI's soil sampling

program and to acquire shear wave velocities and compressional wave velocities as a function of

depth.

Coordinates and elevations provided by EMI

ELEVATION - FEET COORDINATES - FEET (1)

BORING DATES MLLW(1)

DESIGNATION LOGGED NORTHING EASTING

R-09-007 10/19/2009 -0.79 1,735,625 6,488,980
R-09-014 10/20 - 10/21/2009 -1.33 1,736,114 6,489,009
R-09-021 10/21/2009 7.31 1,736,864 6,488,921
R-09-022 11/02 -11/03/2009 -4.11 1,737,853 6,488,768
R-09-025 11/05/2009 -3.90 1,738,368 6,488,737
R-09-028 11/06/2009 -3.32 1,738,869 6,488,698

\1)

Table 1 Boring locations and logging dates

The OYO Suspension Logging System was used to obtain in-situ horizontal shear and

compressional wave velocity measurements at 1.6-foot intervals. The acquired data were

analyzed and a profile of velocity versus depth was produced for both compressional and

horizontally polarized shear waves.

A detailed reference for the velocity measurement techniques used in this study is:

Guidelines for Determining Design Basis Ground Motions, Report TR-102293,

Electric Power Research Institute, Palo Alto, California, November 1993,

Sections 7 and 8.

GEOVision Report 9375-01 rev a Page 6 of72 November 11, 2009



INSTRUMENTATION

Suspension Instrumentation

Suspension soil velocity measurements were performed in all borings using the PS suspension

logging system, manufactured by OYO Corporation, and their subsidiary, Robertson

Geologging. This system directly determines the average velocity of a 3.3-foot high segment of

the soil column surrounding the boring of interest by measuring the elapsed time between

arrivals of a wave propagating upward through the soil column, The receivers that detect the

wave, and the source that generates the wave, are moved as a unit in the boring producing

relatively constant amplitude signals at all depths.

The suspension system probe consists of a combined reversible polarity solenoid horizontal

shear-wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet,

allowing average wave velocity in the region between the receivers to be deterrnined by

inversion of the wave travel time between the two receivers. The total length of the probe as used

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottom

end of the probe.

The probe receives control signals from, and sends the receiver signals to, instrumentation on the

surface via an armored 4 or 7 conductor cable. The cable is wound onto the drum of a winch and

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28

foot circumference sheave fitted with a digital rotary encoder.

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled

directly to the boring walls; rather, the source motion creates a horizontally propagating

impulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure

wave is converted to P and Swwaves in the surrounding soil and rock as it impinges upon the

wall of the boring. These waves propagate through the soil and rock surrounding the boring, in

turn causing a pressure wave to be generated in the fluid surrounding the receivers as the soil

GEOVision Report 9375-01 rev a Page 7 of 72 November 11, 2009



waves pass their location. Separation of the P and Swwaves at the receivers is performed using

the following steps:

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source,

maximizing the amplitude of the recorded SH -wave signals.

2. At each depth, Swwave signals are recorded with the source actuated in opposite

directions, producing Swwave signals of opposite polarity, providing a characteristic Sw

wave signature distinct from the P-wave signal.

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and

damp significantly before the slower Swwave signal arrives at the receiver. In saturated

soils, the received P-wave signal is typically of much higher frequency than the received

SH-wave signal, permitting additional separation of the two signals by low pass filtering.

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers

because the wavelength of the pressure pulse in fluid is significantly greater than the

dimension of the fluid annulus surrounding the probe, preventing significant energy

transmission through the fluid medium.

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:

1. The source is fired in one direction producing dominantly horizontal shear with some

vertical compression, and the signals from the horizontal receivers situated parallel to the

axis of motion of the source are recorded.

2. The source is fired again in the opposite direction and the horizontal receiver signals are

recorded.

3. The source is fired again and the vertical receiver signals are recorded. The repeated

source pattern facilitates the picking of the P and Swwave arrivals; reversal of the source

changes the polarity of the Swwave pattern but not the P-wave pattern.

The data from each receiver during each source activation is recorded as a different channel on

the recording system. The Suspension PS system has six channels (two simultaneous recording

channels), each with a 1024 sample record. The recorded data are displayed as six channels with

a common time scale. Data are stored on disk for further processing. Up to 8 sampling sequences

can be summed to improve the signal to noise ratio of the signals.
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Review of the displayed data on the recorder or computer screen allows the operator to set the

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize

the quality of the data before recording. Verification of the calibration of the Suspension PS

digital recorder is performed every twelve months using a NIST traceable frequency source and

counter, as outlined in Appendix B.
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MEASUREMENT PROCEDURES

Suspension Measurement Procedures

Six 4 7/8-inch uncased borings filled with freshwater drilling mud were logged. Measurements

followed the GEOVisiol1 Procedure for P-S Suspension Seismic Velocity Logging, revision 104.

Prior to each logging run, the probe was positioned with the top of the probe at the top of the

drilling mud tub, ground surface, or other stationary reference point. Subsequently, the electronic

depth counter was set to 8.2 feet, the distance between the mid-point of the receiver and the top

of the probe, minus the height of the stationary reference point, as verified with a tape measure,

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the

probe descent was inhibited (i.e., R-09-0l4), stopping at 1.6-foot intervals to collect data, as

summarized in Table 2.

At each measurement depth the measurement sequence of two opposite horizontal records and

one vertical record was performed, and the gains were adjusted as required. The data from each

depth were viewed on the computer display, checked, and recorded on disk before moving to the

next depth.

Upon completion of the measurements, the probe zero depth indication at the stationary

reference point was verified and recorded on the field logs prior to removal from the boring.

Field data were backed up to USB flash drive each day upon completion of data acquisition.

DEPTH
DEPTH TO

SAMPLE
BORING TOOL AND RUN BOTTOM OF DATE
NUMBER NUMBER

RANGE
BORING

INTERVAL
LOGGED

(FEET)
(FEET)

(FEET)

R-09-007 SUSPENSION PS 1 3.3 -136.2 150 1.6 10119/2009

R-09-014 SUSPENSION PS 1 3.3-118.1 165 1.6 10120/2009

R-09-021 SUSPENSION PS 1 6.6 -154.2 170 1.6 10121/2009

R-09-022 SUSPENSION PS 1 3.3 -162.4 175 1.6 11102/2009

R-09-025 SUSPENSION PS 1 3.3 -160.8 175 1.6 11105/2009

R-09-028 SUSPENSION PS 1 3.3 -162.4 175 1.6 1110612009

Table 2. Logging dates and depth ranges
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DATA ANALYSIS

Suspension Analysis

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms

were analyzed to locate the most prominent first minima, first maxima, or first break on the

vertical axis records, indicating the arrival ofP-wave energy. The difference in travel time

between receiver 1 and receiver 2 (R1-R2) arrivals was used to calculate the P-wave velocity for

that 3.3-foot segment of the soil column. When observable, P-wave arrivals on the horizontal

axis records were used to verify the velocities determined from the vertical axis data. The time

picks were then transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the

velocity calculations based on the arrival time picks made in PSLOG.

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-R1) was also picked

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity

derived from the travel time between receivers. In this analysis, the depth values as recorded

were increased by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel

times were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting

0.35 milliseconds, the calculated and experimentally verified delay from source trigger pulse

(beginning of record) to source impact. This delay corresponds to the duration of acceleration of

the solenoid before impact.

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to

locate the presence of clear Swwave pulses, as indicated by the presence of opposite polarity

pulses on each pair of horizontal records. Ideally, the Swwave signals from the 'normal' and

'reverse' source pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass

filtering can be used to remove the higher frequency P-wave signal from the Swwave signal.

Generally, the first maxima were picked for the 'normal' signals and the first minima for the

'reverse' signals, although other points on the waveform were used if the first pulse was distorted.

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds,

due to differences in the actuation time of the solenoid source caused by constant mechanical

bias in the source or by boring inclination. This variation does not affect the R1-R2 velocity
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determinations, as the differential time is measured between arrivals of waves created by the

same source actuation. The final velocity value is the average of the values obtained from the

'normal' and 'reverse' source actuations.

As with the P-wave data, Swwave velocity calculated from the travel time over the 6.33-foot

interval from source to receiver 1 was calculated and plotted for verification of the velocity

derived from the travel time between receivers. In this analysis, the depth values were increased

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel times were

obtained by picking the first break of the Swwave signal at the near receiver and subtracting

0.35 milliseconds, the calculated and experimentally verified delay from the beginning of the

record at the source trigger pulse to source impact.

These data and analysis were reviewed by Robert Steller as a component of GEOVision's in

house QA-QC program.

Figure 2 shows an example of R1 - R2 measurements on a sample filtered suspension record. In

Figure 2, the time difference over the 3.3-foot interval of 1.88 milliseconds for the horizontal

signals is equivalent to an Swwave velocity of 1745 feet/second. Whenever possible, time

differences were determined from several phase points on the Swwaveform records to verify the

data obtained from the first arrival of the Swwave pulse. Figure 3 displays the Saine record

before filtering of the Swwaveform record with a 1400 Hz FFT - IFFT digital lowpass filter,

illustrating the presence of higher frequency P-wave energy at the beginning of the record, and

distortion of the lower frequency Swwave by residual P-wave signal.
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RESULTS

Suspension Results..

Suspension RI-R2 P- and Swwave velocities are plotted in Figures 4, 5, 6, 7, 8, and 9. The

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8,

respectively. These plots and data are included in the EXCEL analysis files transmitted

separately.

P- and Swwave velocity data from RI-R2 analysis and quality assurance analysis of S-Rl data

are plotted together in Figures A-I through A-6 to aid in visual comparison. It should be noted

that RI-R1 data are an average velocity over a 3.3-foot segment of the soil column; S-RI data

are an average over 6.33 feet, creating a significant smoothing relative to the RI-R2 plots. S-RI

data are presented in Tables A-I through A-6, and included in the EXCEL analysis files.

Calibration procedures and records for the suspension PS measurement system are presented in

Appendix B.
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SUMMARY

Discussion of Suspension Results

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with

rotary mud (rotary wash) methods, as were these borings. Thus data collected in these uncased

borings was of very good quality.

Suspension PS velocity data quality is judged based upon 5 criteria:

1. Consistent data between receiver to receiver (Rl - R2) and source to receiver (S - Rl)

data.

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated

soils)

3. Consistency between data from adjacent depth intervals.

4. Clarity of P-wave and Swwave onset, as well as damping of later oscillations.

5. Consistency of profile between adjacent borings, if available.

These data show good con-elation between Rl - R2 and S - Rl. Additionally, there is a good

correlation between P-wave and Swwave velocities, as both show similar velocity inflections.

Data from adjacent depth intervals are generally similar. P-wave and Swwave onsets are clear

and later oscillations are well damped.

Velocity profiles between borings in the study area are generally similar. All borings exhibit Sw

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over

1,000 fps at depth. All borings show an increase to water velocities" in the P-wave profiles at 10

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a similar

decrease inP-wave velocity at approximately 45 - 55 feet bgs which typically indicates an

organic-rich zone.
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Quality Assurance

These boring geophysical measurements were performed usmg industry-standard or better

methods for measurements and analyses. All work was performed under CEO Vision quality

assurance procedures, which include:

• Use of NISI-traceable calibrations, where applicable, for field and laboratory

instrumentation

• Use of standard field data logs

• Use of independent verification of velocity data by comparison of receiver-to-receiver and

source-to-receiver velocities

• Independent review of calculations and results by a registered professional engmeer,

geologist, or geophysicist.

Suspension Data Reliability

p- and Swwave velocity measurement using the Suspension Method gives average velocities

over a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the

graphs. In uncased borings, individual measurements are very reliable, with estimated precision

of +/- 5%. Standardized field procedures and quality assurance checks contribute to the

reliability of the data.
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Flash drive
with Data

Overall Length - 25 ft

4 or 7-Conductor cable
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---~~------ Upper Geophone

+---h."~---- Weight

.,,---h."~------ Filter Tube
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Head Reducer
-ff---+I

Or Telemetry
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Figure 1: Concept illustration of P-S logging system
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Dep: 103.3
Up : 7132
Usn: 1745
Usr: 1745\1
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Figure 2: Example of filtered (1400 Hz lowpass) record
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Dep: 1B3.3
Up : 7132
Usn: 1745
Usr: 1745
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Figure 3. Example of unfiltered record
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SCHUYLER HElM BRIDGE BORING R-fJS-fJ07
Receiver to Receiver Va and Vp Analysis
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Figure 4: Boring R-09-007, Suspension R1-R2 P- and Swwave velocities
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Velocity

Midpoint Between . Poisson's
Receivers Vs Vn Ratio

(ft) (ftls! (ftls!

3.3 730 1470 0.34

4.9 510 1560 0.44

6.6 310 1810 0.49

8.2 220 2450 0.50

9.8 270 4760 0.50

11.5 320 4630 0.50

13.1 390 4690 0.50

14.8 450 4900 0.50

16.4 510 4980 0.49

18.0 480 5380 0.50

19.7 390 5330 0.50

21.3 410 5250 0.50

23.0 490 5210 0.50

24.6 500 5330 0.50

26.3 520 5380 0.50

27.9 540 5330 0.49

29.5 510 5250 0.50

31.2 560 5130 0.49

32.8 610 5090 0.49

34.5 540 5050 0.49

36.1 490 5050 0.50

37.7 520 4980 0.49

39.4 520 5010 0.49

41.0 540 4940 0.49

42.7 580 4900 0.49

44.3 630 4390 0.49

45.9 600 4220 0.49

47.6 530 4500 0.49

49.2 500 4570 0.49

50.9 580 4360 0.49

52.5 620 4360· 0.49

54.1 660 4220 0.49

55.8 670 5130 0.49

57.4 610 5130 0.49

59.1 630 5170 0.49

60.7 690 5130 0.49

62.3 700 5130 0.49

64.0 720 5130 0.49

65.6 680 5050 0.49

67.3 740 5290 0.49

68.9 740 5210 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vp Ratio

(m) (rn/s) (m/s!

1.0 220 450 0.34

1.5 150 470 0.44

2.0 90 550 0.49

2.5 70 750 0.50

3.0 80 1450 0.50

3.5 100 1410 0.50

4.0 120 1430 0.50

4.5 140 1490 0.50

5.0 150 1520 0.49

5.5 150 1640 0.50

6.0 120 1630 0.50

6.5 120 1600 0.50

7.0 150 1590 0.50

7.5 150 1630 0.50

8.0 160 1640 0.50

8.5 160 1630 0.49

9.0 160 1600 0.50

9.5 170 1560 0.49

10.0 190 1550 0.49

10.5 170 1540 0.49

11.0 150 1540 0.50

11.5 160 1520 0.49

12.0 160 1530 0.49

12.5 160 1510 0.49

13.0 180 1490 0.49

13.5 190 1340 0.49

14.0 180 1290 0.49

14.5 160 1370 0.49

15.0 150 1390 0.49

15.5 180 1330 0.49

16.0 190 1330 0.49

16.5 200 1290 0.49

17.0 200 1560 0.49

17.5 190 1560 0.49

18.0 190 1580 0.49

18.5 210 1560 0.49

19.0 210 1560 0.49

19.5 220 1560 0.49

20.0 210 1540 0.49

20.5 220 1610 0.49

21.0 220 1590 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ft/s) (ft/s)

70.5 670 5130 0049

72.2 720 5290 0049

73.8 810 5330 0049

75.5 710 5750 0049

77.1 740 5700 0049

78.7 740 5600 0049

8004 740 5420 0049

82.0 780 5330 0049

83.7 770 5560 0049

85.3 770 5460 0049

86.9 780 5510 0049

88.6 770 5460 0049

90.2 730 5420 0049

91.9 720 5460 0049

93.5 780 5700 0049

95.1 770 5850 0049

96.8 800 5800 0049

9804 950 5950 0049

100.1 920 5900 0049

101.7 920 5750 0049

10304 950 5700 OA9

105.0 940 5700 OA9

106.6 930 5750 OA9

108.3 910 5700 OA9

109.9 910 5850 OA9

111.6 840 6010 OA9

113.2 860 5900 OA9

114.8 960 5800 0049

116.5 970 5700 0049

118.1 970 5650 OA8

119.8 970 5560 0048

12104 1010 5700 OA8

123.0 1040 5700 OA8

124.7 1010 5700 OA8

126.3 1010 5750 OA8

128.0 1050 5950 OA8

129.6 1060 6230 OA8

131.2 1120 6170 0048

132.9 1100 6410 0048

134.5 1050 6350 OA9

136.2 1080 6540 0049

Metric Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

21.5 200 1560 OA9

22.0 220 1610 OA9

22.5 250 1630 OA9

23.0 220 1750 OA9

23.5 230 1740 OA9

24.0 230 1710 OA9

24.5 230 1650 OA9

25.0 240 1630 OA9

25.5 230 1690 OA9

26.0 230 1670 OA9

26.5 240 1680 OA9

27.0 230 1670 OA9

27.5 220 1650 OA9

28.0 220 1670 OA9

28.5 240 1740 OA9

29.0 230 1780 OA9

29.5 240 1770 OA9

30.0 290 1810 OA9

30.5 280 1800 OA9

31.0 280 1750 OA9

31.5 290 1740 OA9

32.0 290 1740 OA9

32.5 280 1750 OA9

33.0 280 1740 OA9

33.5 280 1780 OA9

34.0 260 1830 OA9

34.5 260 1800 OA9

35.0 290 1770 OA9

35.5 290 1740 OA9

36.0 300 1720 OA8

36.5 300 1690 OA8

37.0 310 1740 OA8

37.5 320 1740 OA8

38.0 310 1740 OA8

38.5 310 1750 OA8

39.0 320 1810 OA8

39.5 320 1900 OA8

40.0 340 1880 OA8

40.5 340 1950 . 0048

41.0 320 1940 OA9

41.5 330 1990 OA9
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SCHUYLER HElM BRIDGE BORING R-QS-014
Receiver to Receiver Vs and Vp Analysis
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Figure 5: Boring R-09-014, Suspension R1-R2 P- and Swwave velocities
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers V s Vn Ratio

(ft) (ft/sl (ft/s)

3.3 330 2350 0.49

4.9 560 2310 0.47

6.6 500 2980 0.49

8.2 280 5750 0.50

9.8 320 6060 0.50

11.5 330 4220 0.50

13.1 350 4760 0.50

14.8 370 5380 0.50

16.4 370 4900 0.50

18.0 420 5050 0.50

19.7 430 5290 0.50

21.3 400 5050 0.50

23.0 410 4980 0.50

24.6 450 5290 0.50

26.3 500 5380 0.50

27.9 530 5380 0.50

29.5 500 5380 0.50

31.2 520 5290 0.50

32.8 600 5380 0.49

34.5 630 5290 0.49

36.1 480 5130 0.50

37.7 460 4570 0.49

39.4 530 5290 0.49

41.0 540 5380 0.49

42.7 640 5290 0.49

44.3 670 5210 0.49

45.9 560 4980 0.49

47.6 520 4070 0.49

49.2 480 3470 0.49

50.9 510 4440 0.49

52.5 630 5380 0.49

54.1 650 5210 0.49

55.8 630 4830 0.49

57.4 650 4980 0.49

59.1 690 5380 0.49

61.0 670 5210 0.49

62.3 680 5290 0.49

64.0 720 5460 0.49

65.6 710 5290 0.49

67.3 730 5290 0.49

68.9 720 5460 0.49

Metric Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/sl (m/s)

1.0 100 720 0.49

1.5 170 710 0.47

2.0 150 910 0.49

2.5 90 1750 0.50

3.0 100 1850 0.50

3.5 100 1290 0.50

4.0 110 1450 0.50

4.5 110 1640 0.50

5.0 110 1490 0.50

5.5 130 1540 0.50

6.0 130 1610 0.50

6.5 120 1540 0.50

7.0 130 1520 0.50

7.5 140 1610 0.50

8.0 150 1640 0.50

8.5 160 1640 0.50

9.0 150 1640 0.50

9.5 160 1610 0.50

10.0 180 1640 0.49

10.5 190 1610 0.49

11.0 150 1560 0.50

11.5 140 1390 0.49

12.0 160 1610 0.49

12.5 160 1640 0.49

13.0 200 1610 0.49

13.5 200 1590 0.49

14.0 170 1520 0.49

14.5 160 1240 0.49

15.0 150 1060 0.49

15.5 160 1350 0.49

16.0 190 1640 0.49

16.5 200 1590 0.49

17.0 190 1470 0.49

17.5 200 1520 0.49

18.0 210 1640 0.49

18.6 200 1590 0.49

19.0 210 1610 0.49

19.5 220 1670 0.49

20.0 220 1610 0.49

20.5 220 1610 0.49

21.0 220 1670 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vp Ratio

(ft) (ftIs) (ftIs)

70.5 700 5460 0.49

72.2 750 5460 0.49

73.8 850 5560 0.49

75.5 870 5750 0.49

77.1 840 5750 0.49

78.7 800 5700 0.49

80.4 820 5700 0.49

82.0 870 5800 0.49

83.7 900 5800 0.49

85.3 920 5850 0.49

86.9 940 5800 0.49

88.6 920 5850 0.49

90.2 900 5850 0.49

91.9 890 5900 0.49

93.8 900 6010 0.49

95.1 870 5950 0.49

96.8 900 5950 0.49

98.4 940 6010 0.49

100.4 950 6010 0.49

101.7 970 5900 0.49

103.4 960 5850 0.49

105.0 990 6010 0.49

106.6 900 5950 0.49

108.3 860 5850 0.49

109.9 910 6010 0.49

111.6 1000 6010 0.49

113.2 960 6120 0.49

114.8 910 5900 0.49

116.5 980 5950 0.49

118.1 980 6060 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vp Ratio

(m) (m/s) (m/s)

21.5 210 1670 0.49

22.0 230 1670 0.49

22.5 260 1690 0.49

23.0 270 1750 0.49

23.5 260 1750 0.49

24.0 240 1740 0.49

24.5 250 1740 0.49

25.0 260 1770 0.49

25.5 270 1770 0.49

26.0 280 1780 0.49

26.5 290 1770 0.49

27.0 280 1780 0.49

27.5 280 1780 0.49

28.0 270 1800 0.49

28.6 270 1830 0.49

29.0 270 1810 0.49

29.5 270 1810 0.49

30.0 290 1830 0.49

30.6 290 1830 0.49

31.0 300 1800 0.49

31.5 290 1780 0.49

32.0 300 1830 0.49

32.5 280 1810 0.49

33.0 260 1780 0.49

33.5 280 1830 0.49

34.0 300 1830 0.49

34.5 290 1860 0.49

35.0 280 1800 0.49

35.5 300 1810 0.49

36.0 300 1850 0.49
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SCHUYLER HElM BRIDGE BORING R-QS-Q21
Receiver to Receiver Va and Vp Analysis
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Figure 6: Boring R-09-021, Suspension R1-R2 P- and Swwave velocities
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(tt) (ftIs) (ftIs)

6.6 410 3580 0.49

8.2 420 3750 0.49

9.8 410 3920 0.49

10.8 400 4270 0.50

13.1 600 4330 0.49

14.8 760 4390 0.48

16.4 650 4170 0.49

18.0 590 4900 0.49

19.7 520 4760 0.49

21.3 410 4630 0.50

23.0 420 4980 0.50

24.6 500 5050 0.49

26.3 510 5130 0.50

27.9 490 5210 0.50

29.5 580 5330 0.49

31.2 600 5250 0.49

32.8 550 5170 0.49

34.5 570 5250 0.49

36.1 580 5380 0.49

37.7 640 5460 0.49

39.4 650 5330 0.49

41.0 580 5290 0.49

42.7 620 5420 0.49

44.3 650 5330 0.49

45.9 520 5210 0.49

47.6 480 5210 0.50

49.2 580 5290 0.49

50.9 650 5380 0.49

52.5 720 5380 0.49

54.1 700 5290 0.49

55.8 550 5250 0.49

57.4 570 5380 0.49

59.1 740 5560 0.49

60.7 780 5650 0.49

62.3 820 5650 0.49

64.0 780 5560 0.49

65.6 750 5420 0.49

67.3 770 5460 0.49

68.9 780 5650 0.49

70.5 720 5560 0.49

72.2 670 5380 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

2.0 130 1090 0.49

2.5 130 1140 0.49

3.0 120 1200 0.49

3.3 120 1300 0.50

4.0 180 1320 0.49

4.5 230 1340 0.48

5.0 200 1270 0.49

5.5 180 1490 0.49

6.0 160 1450 0.49

6.5 120 1410 0.50

7.0 130 1520 0.50

7.5 150 1540 0.49

8.0 150 1560 0.50

8.5 150 1590 0.50

9.0 180 1630 0.49

9.5 180 1600 0.49

10.0 170 1580 0.49

10.5 180 1600 0.49

11.0 180 1640 0.49

11.5 200 1670 0.49

12.0 200 1630 0.49

12.5 180 1610 0.49

13.0 190 1650 0.49

13.5 200 1630 0.49

14.0 160 1590 0.49

14.5 150 1590 0.50

15.0 180 1610 0.49

15.5 200 1640 0.49

16.0 220 1640 0.49

16.5 210 1610 0.49

17.0 170 1600 0.49

17.5 170 1640 0.49

18.0 230 1690 0.49

18.5 240 1720 0.49

19.0 250 1720 0.49

19.5 240 1690 0.49

20.0 230 1650 0.49

20.5 230 1670 0.49

21.0 240 1720 0.49

21.5 220 1690 0.49

22.0 210 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (ftls) (ftls)

73.8 710 5420 0.49

75.5 750 5460 0.49

77.1 740 5510 0.49

78.7 770 5560 0.49

80.4 800 5510 0.49

82.0 840 5510 0.49

83.7 880 5560 0.49

85.3 850 5510 0.49

86.9 860 5510 0.49

88.6 910 5650 0.49

90.2 910 5750 0.49

91.9 930 5750 0.49

93.5 970 5800 0.49

95.1 970 5800 0.49

96.8 1000 5850 0.48

98.4 1030 5850 0.48

100.1 990 5850 0.49

101.7 990 5850 0.49

103.4 1020 5950 0.48

105.0 1040 5950 0.48

106.6 1040 5950 0.48

108.3 1050 5950 0.48

109.9 1030 5950 0.48

111.6 1030 6060 0.49

113.2 1050 6170 0.49

115.2 1080 5950 0.48

116.5 1070 5950 0.48

118.1 1080 6060 0.48

119.8 1080 5950 0.48

121.4 1080 6170 0.48

123.0 1100 6060 0.48

124.7 1180 6410 0.48

126.3 1120 6230 0.48

128.0 1110 6060 0.48

129.6 1090 5950 0.48

131.2 1030 6060 0.49

132.9 1130 6350 0.48

134.5 1180 6410 0.48

136.2 1140 6540 0.48

137.8 1150 6410 0.48

139.4 1150 6410 0.48

141.1 1190 6410 0.48

142.7 1260 6730 0.48

144.7 1230 6670 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers V s VD Ratio

(m) (m/s) (rn/s)

22.5 220 1650 0.49

23.0 230 1670 0.49

23.5 230 1680 0.49

24.0 230 1690 0.49

24.5 240 1680 0.49

25.0 260 1680 0.49

25.5 270 1690 0.49

26.0 260 1680 0.49

26.5 260 1680 0.49

27.0 280 1720 0.49

27.5 280 1750 0.49

28.0 280 1750 0.49

28.5 290 1770 0.49

29.0 300 1770 0.49

29.5 310 1780 0.48

30.0 310 1780 0.48

30.5 300 1780 0.49

31.0 300 1780 0.49

31.5 310 1810 0.48

32.0 320 1810 0.48

32.5 320 1810 0.48

33.0 320 1810 0.48

33.5 310 1810 0.48

34.0 310 1850 0.49

34.5 320 1880 0.49

35.1 330 1810 0.48

35.5 330 1810 0.48

36.0 .- 330 1850 0.48

36.5 330 1810 0.48

37.0 330 1880 0.48

37.5 340 1850 0.48

38.0 360 1950 0.48

38.5 340 1900 0.48

39.0 340 1850 0.48

39.5 330 1810 0.48

40.0 310 1850 0.49

40.5 340 1940 0.48

41.0 360 1950 0.48

41.5 350 1990 0.48

42.0 350 1950 0.48

42.5 350 1950 0.48

43.0 360 1950 0.48

43.5 380 2050 0.48

44.1 370 2030 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ftls) (ftls)

146.0 1180 6600 0.48

148.0 1280 6730 0.48

149.3 1290 6730 0.48

150.9 1280 6730 0.48

152.6 1340 6670 0.48

154.2 1330 6730 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers V s Vo Ratio

(m) (m/s) (m/s)

44.5 360 2010 0.48

45.1 390 2050 0.48

45.5 390 2050 0.48

46.0 390 2050 0.48

46.5 410 2030 0.48

47.0 400 2050 0.48
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SCHUYLER HElM BRIDGE BORING R-D9-D22
Receiver to Receiver Vs and Vp Analysis
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Figure 7: Boring R-09-022, Suspension R1-R2 P- and Swwave velocities
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ft/s) (ft/s)

3.3 440 1720 0.47

4.9 500 2490 0.48

6.6 250 5050 0.50

8.2 210 5560 0.50

10.2 290 2870 0.49

11.5 260 2980 0.50

13.1 310 5050 0.50

14.8 290 5380 0.50

16.4 410 4900 0.50

18.0 400 5050 0.50

19.7 520 5380 0.50

21.3 570 5210 0.49

23.0 600 5130 0.49

24.6 650 5290 0.49

26.3 580 5050 0.49

27.9 610 4980 0.49

29.5 690 5010 0.49

31.2 680 5250 0.49

32.8 700 5290 0.49

34.1 780 5210 0.49

36.1 640 5210 0.49

37.7 570 5090 0.49

39.4 550 5130 0.49

41.0 550 5460 0.49

42.7 660 5210 0.49

44.3 650 5420 0.49

45.9 550 4570 0.49

47.6 590 4870 0.49

49.2 560 5130 0.49

50.9 580 5560 0.49

52.5 650 5380 0.49

53.5 690 5380 0.49

55.8 730 5420 0.49

57.4 760 5380 0.49

59.1 680 5210 0.49

60.7 610 5210 0.49

62.3 670 5330 0.49

64.0 820 4940 0.49

65.6 740 5460 0.49

67.3 700 5290 0.49

68.9 720 5380 0.49

Metric Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(rn) (m/s) Im/s)

1.0 130 520 0.47

1.5 150 760 0.48

2.0 80 1540 0.50

2.5 60 1690 0.50

3.1 90 880 0.49

3.5 80 910 0.50

4.0 90 1540 0.50

4.5 90 1640 0.50

5.0 130 1490 0.50

5.5 120 1540 0.50

6.0 160 1640 0.50

6.5 180 1590 0.49

7.0 180 1560 0.49

7.5 200 1610 0.49

8.0 180 1540 0.49

8.5 190 1520 0.49

9.0 210 1530 0.49

9.5 210 1600 0.49

10.0 210 1610 0.49

10.4 240 1590 0.49

11.0 200 1590 0.49

11.5 170 1550 0.49

12.0 170 1560 0.49

12.5 170 1670 0.49

13.0 200 1590 0.49

13.5 200 1650 0.49

14.0 170 1390 0.49

14.5 180 1480 0.49

15.0 170 1560 0.49

15.5 180 1690 0.49

16.0 200 1640 0.49

16.3 210 1640 0.49

17.0 220 1650 0.49

17.5 230 1640 0.49

18.0 210 1590 0.49

18.5 180 1590 0.49

19.0 200 1630 0.49

19.5 250 1510 0.49

20.0 220 1670 0.49

20.5 210 1610 0.49

21.0 220 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (ft/s) (ft/s)

70.5 740 5420 OA9

72.2 830 5250 OA9

73.8 780 5130 OA9

75.5 740 5210 OA9

77.1 800 5130 OA9

78.7 840 5250 OA9

80A 890 5210 OA8

82.0 960 5380 OA8

83.7 980 5380 OA8

85.3 940 5460 OA8

86.9 970 5420 OA8

88.6 1040 5650 OA8

90.2 1050 5560 OA8

91.9 1000 5650 OA8

93.5 1040 5560 OA8

95.1 1100 5600 OA8

96.1 1040 5600 OA8

98A 1030 5750 OA8

100.1 1020 5700 OA8

101.7 1110 5950 OA8

103A 1100 5900 OA8

105.0 1150 5950 OA8

106.6 1080 5850 OA8

108.3 1080 5800 OA8

109.9 1100 6010 OA8

111.6 1250 6670 OA8

113.2 1340 6470 OA8

114.8 1200 6540 OA8

116.5 1090 6290 OA8

118.4 1110 5850 OA8

119.8 1130 5950 OA8

121.4 1190 5850 OA8

123A 1280 6060 OA8

124.7 1310 6290 OA8

126.3 1290 6410 OA8

128.0 1310 6350 OA8

129.6 1240 5950 OA8

131.2 1160 5800 OA8

132.9 1160 5800 OA8

134.5 1170 5850 OA8

136.2 1170 5850 OA8

137.8 1350 6410 OA8

139.4 1470 6800 OA8

141.4 1450 6800 OA8

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

21.5 230 1650 OA9

22.0 250 1600 OA9

22.5 240 1560 OA9

23.0 230 1590 OA9

23.5 240 1560 OA9

24.0 250 1600 OA9

24.5 270 1590 OA8

25.0 290 1640 OA8

25.5 300 1640 OA8

26.0 290 1670 OA8

26.5 290 1650 OA8

27.0 320 1720 OA8

27.5 320 1690 OA8

28.0 310 1720 OA8

28.5 320 1690 OA8

29.0 340 1710 OA8

29.3 320 1710 OA8

30.0 310 1750 OA8

30.5 310 1740 OA8

31.0 340 1810 OA8

31.5 340 1800 OA8

32.0 350 1810 OA8

32.5 330 1780 OA8

33.0 330 1770 OA8

33.5 330 1830 OA8

34.0 380 2030 OA8

34.5 410 1970 OA8

35.0 370 .:1990 OA8

35.5 330 1920 OA8

36.1 340 1780 OA8

36.5 340 1810 OA8

37.0 360 1780 OA8

37.6 390 1850 OA8

38.0 400 1920 OA8

38.5 390 1950 OA8

39.0 400 1940 OA8

39.5 380 1810 OA8

40.0 350 1770 OA8

40.5 350 1770 OA8

41.0 360 1780 OA8

41.5 360 1780 OA8

42.0 410 1950 OA8

42.5 450 2070 OA8

43.1 440 2070 OA8
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (Ws) (Ws)

142.7 1520 6670 0.47

144.4 1340 6730 0.48

146.0 1270 6470 0.48

147.6 1250 6230 0.48

149.3 1350 6170 0.47

150.9 1390 6410 0.48

152.6 1270 6410 0.48

154.2 1310 6350 0.48

155.8 1340 6670 0.48

157.5 1560 7580 0.48

159.1 1470 6800 0.48

160.8 1290 6010 0.48

162.4 1310 5900 0.47

Metric Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

43.5 460 2030 0.47

44.0 410 2050 0.48

44.5 390 1970 0.48

45.0 380 1900 0.48

45.5 410 1880 0.47

46.0 430 1950 0.48

46.5 390 1950 0.48

47.0 400 1940 0.48

47.5 410 2030 0.48

48.0 470 2310 0.48

48.5 450 2070 0.48

49.0 390 1830 0.48

49.5 400 1800 0.47
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SCHUYLER HElM BRIDGE BORING R-QS-Q25
Receiver to Receiver Vs and Vp Analysis
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Figure 8: Boring R-09-025, Suspension R1-R2 P- and Swwave velocities

GEOVision Report 9375-01 rev a Page 33 of 72 November 11, 2009



• '...,J ............ ~ ,"II..... ,' .......... , ...,..... --, &-v

Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ft/s) (ft/s)

3.3 510 2140 0.47

4.9 370 2690 0.49

6.6 330 2450 0.49

8.2 410 2600 0.49

9.8 380 4470 0.50

11.5 340 4300 0.50

13.1 400 4360 0.50

14.8 390 5560 0.50

16.4 430 5460 0.50

18.0 540 5130 0.49

19.7 560 5210 0.49

21.3 460 5090 0.50

23.0 470 5330 0.50

24.6 510 5170 0.50

26.3 550 5010 0.49

27.9 620 5380 0.49

29.5 650 5420 0.49

31.2 550 5250 0.49

32.8 500 5330 0.50

34.5 550 5250 0.49

36.1 580 5290 0.49

37.7 590 5210 0.49

39.4 550 5050 0.49

41.0 530 5170 0.49

42.7 610 5330 0.49

44.3 610 5170 0.49

45.9 540 5210 0.49

47.6 530 5170 0.49

49.2 530 5210 0.49

50.9 630 5170 0.49

52.5 700 5330 0.49

54.1 730 5380 0.49

55.8 720 5170 0.49

57.4 750 5170 0.49

59.1 680 5170 0.49

60.7 630 5210 0.49

62.3 720 5290 0.49

64.0 750 5380 0.49

65.6 730 5380 0.49

67.3 730 5330 0.49

68.9 740 5290 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

1.0 150 650 0.47

1.5 110 820 0.49

2.0 100 750 0.49

2.5 130 790 0.49

3.0 120 1360 0.50

3.5 100 1310 0.50

4.0 120 1330 0.50

4.5 120 1690 0.50

5.0 130 1670 0.50

5.5 170 1560 0.49

6.0 170 1590 0.49

6.5 140 1550 0.50

7.0 140 1630 0.50

7.5 160 1580 0.50

8.0 170 1530 0.49

8.5 190 1640 0.49

9.0 200 1650 0.49

9.5 170 1600 0.49

10.0 150 1630 0.50

10.5 170 1600 0.49

11.0 180 1610 0.49

11.5 180 1590 0.49

12.0 170 1540 0.49

12.5 160 1580 0.49

13.0 190 1630 0.49

13.5 190 1580 0.49

14.0 170 1590 0.49

14.5 160 1580 0.49

15.0 160 1590 0.49

15.5 190 1580 0.49

16.0 210 1630 0.49

16.5 220 1640 0.49

17.0 220 1580 0.49

17.5 230 1580 0.49

18.0 210 1580 0.49

18.5 190 1590 0.49

19.0 220 1610 0.49

19.5 230 1640 0.49

20.0 220 1640 0.49

20.5 220 1630 0.49

21.0 220 1610 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ftIs) (ftIs)

70.5 730 5090 0.49

72.2 760 5050 0.49

73.2 760 5130 0.49

75.5 740 5210 0.49

77.1 740 5170 0.49

78.7 770 5170 0.49

80.4 800 5250 0.49

82.0 840 5250 0.49

83.7 860 5380 0.49

85.3 890 5510 0.49

86.9 940 5750 0.49

88.6 1010 5650 0.48

90.2 1000 5700 0.48

91.9 1090 5700 0.48

93.5 1060 5800 0.48

95.1 1040 5800 0.48

96.8 1060 5850 0.48

98.4 1060 5800 0.48

100.1 1080 5850 0.48

101.7 1060 5850 0.48

103.4 1120 5850 0.48

105.0 1130 5950 0.48

106.6 1250 6060 0.48

108.3 1180 5950 0.48

109.9 1100 5900 0.48

111.6 1120 5950 0.48

113.2 1170 6060 0.48

114.8 1230 6170 0.48

116.5 1210 6060 0.48

118.1 1130 5900 0.48

119.8 1140 5850 0.48

121.4 1160 5900 0.48

123.0 1240 6060 0.48

124.7 1350 6290 0.48

126.3 1360 6410 0.48

128.0 1360 6230 0.47

129.6 1230 6060 0.48

131.2 1220 6120 0.48

132.9 1320 6230 0.48

134.5 1260 6800 0.48

136.2 1350 6940 0.48

137.8 1240 6540 0.48

139.4 1180 6290 0.48

141.1 1170 6290 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

21.5 220 1550 0.49

22.0 230 1540 0.49

22.3 230 1560 0.49

23.0 230 1590 0.49

23.5 220 1580 0.49

24.0 230 1580 0.49

24.5 240 1600 0.49

25.0 260 1600 0.49

25.5 260 1640 0.49

26.0 270 1680 0.49

26.5 290 1750 0.49

27.0 310 1720 0.48

27.5 310 1740 0.48

28.0 330 1740 0.48

28.5 320 1770 0.48

29.0 320 1770 0.48

29.5 320 1780 0.48

30.0 320 1770 0.48

30.5 330 1780 0.48

31.0 320 1780 0.48

31.5 340 1780 0.48

32.0 340 1810 0.48

32.5 380 1850 0.48

33.0 360 1810 0.48

33.5 340 1800 0.48

34.0 340 1810 0.48

34.5 360 1850 0.48

35.0 380 1880 0.48

35.5 370 1850 0.48

36.0 350 1800 0.48

36.5 350 1780 0.48

37.0 350 1800 0.48

37.5 380 1850 0.48

38.0 410 1920 0.48

38.5 410 1950 0.48

39.0 410 1900 0.47

39.5 370 1850 0.48

40.0 370 1860 0.48

40.5 400 1900 0.48

41.0 380 2070 0.48

41.5 410 2120 0.48

42.0 380 1990 0.48

42.5 360 1920 0.48

43.0 360 1920 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(tt) (ftls) (ftls)

142.7 1280 6540 0.48

144.4 1370 6470 0.48

146.0 1310 6350 0.48

147.6 1440 6800 0.48

149.3 1720 7170 0.47

150.9 1640 6940 0.47

152.6 1680 6870 0.47

154.2 1650 6470 0.47

155.8 1430 5950 0.47

157.5 1320 5600 0.47

159.1 1320 5510 0.47

160.8 1270 5560 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

43.5 390 1990 0.48

44.0 420 1970 0.48

44.5 400 1940 0.48

45.0 440 2070 0.48

45.5 520 2180 0.47

46.0 500 2120 0.47

46.5 510 2090 0.47

47.0 500 1970 0.47

47.5 440 1810 0.47

48.0 400 1710 0.47

48.5 400 1680 0.47

49.0 390 1690 0.47
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) lfUs) Ift/s)

3.3 330 2470 0.49

4.9 290 2310 0.49

6.6 300 2300 0.49

8.2 460 2640 0.48

9.8 310 3130 0.49

11.5 340 4250 0.50

13.1 400 3940 0.49

14.8 430 5090 0.50

16.4 410 4760 0.50

18.0 440 4500 0.50

19.7 500 4940 0.49

21.3 540 4090 0.49

23.0 660 3790 0.48

24.6 550 4830 0.49

26.3 500 4870 0.49

27.9 580 5010 0.49

29.5 630 5130 0.49

31.2 710 5330 0.49

32.8 770 4830 0.49

34.5 660 5050 0.49

36.1 510 4870 0.49

37.7 520 4940 0.49

39.4 560 5050 0.49

41.0 610 4830 0.49

42.7 740 4980 0.49

44.3 660 5010 0.49

45.9 580 5010 0.49

47.6 630 5210 0.49

49.2 670 5250 0.49

50.9 670 5210 0.49

52.5 740 5130 0.49

54.1 760 5210 0.49

55.8 790 5250 0.49

57.4 810 5250 0.49

59.1 790 5210 0.49

60.7 790 5250 0.49

62.3 850 5330 0.49

64.0 910 5380 0.49

65.6 870 5330 0.49

67.3 910 5420 0.49

68.9 870 5330 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(rn) (m/s) Im/s)

1.0 100 750 0.49

1.5 90 710 0.49

2.0 90 700 0.49

2.5 140 800 0.48

3.0 100 950 0.49

3.5 100 1290 0.50

4.0 120 1200 0.49

4.5 130 1550 0.50

5.0 130 1450 0.50

5.5 130 1370 0.50

6.0 150 1510 0.49

6.5 170 1250 0.49

7.0 200 1150 0.48

7.5 170 1470 0.49

8.0 150 1480 0.49

8.5 180 1530 0.49

9.0 190 1560 0.49

9.5 220 1630 0.49

10.0 230 1470 0.49

10.5 200 1540 0.49

11.0 160 1480 0.49

11.5 160 1510 0.49

12.0 170 1540 0.49

12.5 190 1470 0.49

13.0 230 1520 0.49

13.5 200 1530 0.49

14.0 180 1530 0.49

14.5 190 1590 0.49

15.0 200 1600 0.49

15.5 200 1590 0.49

16.0 230 1560 0.49

16.5 230 1590 0.49

17.0 240 1600 0.49

17.5 250 1600 0.49

18.0 240 1590 0.49

18.5 240 1600 0.49

19.0 260 1630 0.49

19.5 280 1640 0.49

20.0 270 1630 0.49

20.5 280 1650 0.49

21.0 270 1630 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (Ws) (fils)

70.5 860 5330 0.49

72.2 850 5330 0.49

73.8 890 5460 0.49

75.5 960 5460 0.48

77.1 900 5380 0.49

78.7 890 5560 0.49

80.4 870 5460 0.49

82.0 780 5330 0.49

83.7 790 5330 0.49

85.3 720 5290 0.49

86.9 680 5250 0.49

88.6 760 5420 0.49

90.2 930 5560 0.49

91.9 1080 5800 0.48

93.5 1150 5950 0.48

95.1 1160 5900 0.48

96.8 1040 5600 0.48

98.4 920 5460 0.49

100.1 990 5700 0.48

101.7 1080 6010 0.48

103.4 1080 5900 0.48

105.0 1120 5950 0.48

106.6 1050 5900 0.48

108.3 1050 5850 0.48

109.9 1020 5850 0.48

111.6 1050 5850 0.48

113.2 1090 5900 0.48

114.8 1110 5900 0.48

116.5 1110 5900 0.48

118.1 1060 5850 0.48

119.8 1040 5800 0.48

121.4 1050 5850 0.48

123.0 1010 5850 0.48

124.7 1080 5950 0.48

126.3 1190 6120 0.48

128.0 1090 6230 0.48

129.6 1110 6470 0.48

131.2 1330 6600 0.48

133.2 1420 6600 0.48

134.5 1390 6410 0.48

136.2 1380 6410 0.48

137.8 1490 6600 0.47

139.4 1380 6540 0.48

141.1 1270 6010 0.48

Metric Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

21.5 260 1630 0.49

22.0 260 1630 0.49

22.5 270 1670 0.49

23.0 290 1670 0.48

23.5 270 1640 0.49

24.0 270 1690 0.49

24.5 260 1670 0.49

25.0 240 1630 0.49

25.5 240 1630 0.49

26.0 220 1610 0.49

26.5 210 1600 0.49

27.0 230 1650 0.49

27.5 280 1690 0.49

28.0 330 1770 0.48

28.5 350 1810 0.48

29.0 350 1800 0.48

29.5 320 1710 0.48

30.0 280 1670 0.49

30.5 300 1740 0.48

31.0 330 1830 0.48

31.5 330 1800 0.48

32.0 340 1810 0.48

32.5 320 1800 0.48

33.0 320 1780 0.48

33.5 310 1780 0.48

34.0 320 1780 0.48

34.5 330 1800 0.48

35.0 340 1800 0.48

35.5 340 1800 0.48

36.0 320 1780 0.48

36.5 320 1770 0.48

37.0 320 1780 0.48

37.5 310 1780 0.48

38.0 330 1810 0.48

38.5 360 1860 0.48

39.0 330 1900 0.48

39.5 340 1970 0.48

40.0 410 2010 0.48

40.6 430 2010 0.48

41.0 430 1950 0.48

41.5 420 1950 0.48

42.0 460 2010 0.47

42.5 420 1990 0.48

43.0 390 1830 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(tt) (ftls) (ftls)

142.7 1280 5800 0.47

144.4 1320 5750 0.47

146.3 1420 5850 0.47

147.6 1340 5650 0.47

149.3 1270 5600 0.47

150.9 1390 5700 0.47

152.6 1360 5560 0.47

154.2 1330 5510 0.47

155.8 1340 5420 0.47

157.5 1340 5380 0.47

159.1 1350 5510 0.47

160.8 1340 5750 0.47

162.4 1320 5700 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

43.5 390 1770 0.47

44.0 400 1750 0.47

44.6 430 1780 0.47

45.0 410 1720 0.47

45.5 390 1710 0.47

46.0 420 1740 0.47

46.5 410 1690 0.47

47.0 410 1680 0.47

47.5 410 1650 0.47

48.0 410 1640 0.47

48.5 410 1680 0.47

49.0 410 1750 0.47

49.5 400 1740 0.47
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APPENDIXA

SUSPENSION VELOCITY MEASUREMENT
QUALITY ASSURANCE SUSPENSION SOURCE

TO RECEIVER ANALYSIS RESULTS
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Figure A-1. Boring R-09-007, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-1. Boring R-09-007, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (fUs) (fUs)

8.5 290 1630 0.48

10.1 280 2720 0.49

11.8 330 4710 0.50

13.4 390 4940 0.50

15.1 410 4900 0.50

16.7 420 5040 0.50

18.3 420 5390 0.50

20.0 430 5230 0.50

21.6 440 5230 0.50

23.3 460 5150 0.50

24.9 520 5390 0.50

26.6 530 5430 0.50

28.2 530 5170 0.49

29.8 570 5080 0.49

31.5 560 5170 0.49

33.1 550 5100 0.49

34.8 560 5080 0.49

36.4 530 5080 0.49

38.0 530 4950 0.49

39.7 560 5060 0.49

41.3 580 5170 0.49

43.0 590 5170 0.49

44.6 580 4460 0.49

46.2 570 4120 0.49

47.9 540 4380 0.49

49.5 540 4280 0.49

51.2 560 4270 0.49

52.8 610 4280 0.49

54.4 620 4540 0.49

56.1 630 4890 0.49

57.7 660 5120 0.49

59.4 660 5060 0.49

61.0 680 5210 0.49

62.6 710 5190 0.49

64.3 700 5170 0.49

65.9 720 5170 0.49

67.6 690 5330 0.49

69.2 690 5350 0.49

70.8 730 5350 0.49

72.5 720 5370 0.49

74.1 750 5490 0.49

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

2.6 90 500 0.48

3.1 90 830 0.49

3.6 100 1440 0.50

4.1 120 1500 0.50

4.6 120 1490 0.50

5.1 130 1540 0.50

5.6 130 1640 0.50

6.1 130 1590 0.50

6.6 140 1590 0.50

7.1 140 1570 0.50

7.6 160 1640 0.50

8.1 160 1650 0.50

8.6 160 1580 0.49

9.1 170 1550 0.49

9.6 170 1580 0.49

10.1 170 1550 0.49

10.6 170 1550 0.49

11.1 160 1550 0.49

11.6 160 1510 0.49

12.1 170 1540 0.49

12.6 180 1580 0.49

13.1 180 1580 0.49

13.6 180 1360 0.49

14.1 170 1260 0.49

14.6 170 1330 0.49

15.1 160 1310 0.49

15.6 170 1300 0.49

16.1 190 1310 0.49

16.6 190 1380 0.49

17.1 190 1490 0.49

17.6 200 1560 0.49

18.1 200 1540 0.49

18.6 210 1590 0.49

19.1 220 1580 0.49

19.6 210 1580 0,49

20.1 220 1580 0.49

20.6 210 1620 0.49

21.1 210 1630 0.49

21.6 220 1630 0.49

22.1 220 1640 0.49

22.6 230 1670 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ft/s) (ft/s)

75.8 770 5640 0.49

77.4 770 5530 0.49

79.0 780 5250 0.49

80.7 770 5310 0.49

82.3 740 5430 0.49

84.0 780 5450 0.49

85.6 800 5550 0.49

87.2 790 5530 0.49

88.9 800 5510 0.49

90.5 790 5550 0.49

92.2 790 5550 0.49

93.8 820 5760 0.49

95.4 870 5850 0.49

97.1 880 5950 0.49

98.7 890 5950 0.49

100.4 890 5850 0.49

102.0 950 5780 0.49

103.7 950 5780 0.49

105.3 950 5760 0.49

106.9 940 5830 0.49

108.6 930 5880 0.49

110.2 900 5900 0.49

111.9 920 5880 0.49

113.5 930 5880 0.49

115.1 940 5830 0.49

116.8 930 5800 0.49

118.4 980 5800 0.49

120.1 1000 5800 0.48

121.7 1010 5730 0.48

123.3 1020 5800 0.48

125.0 1030 5780 0.48

126.6 1030 5760 0.48

128.3 1040 5800 0.48

129.9 1080 6100 0.48

131.5 1070 6130 0.48

133.2 1080 6160 0.48

134.8 1110 6100 0.48

136.5 1120 6320 0.48

138.1 1140 6350 0.48

139.7 1140 6350 0.48

141.4 1130 6240 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

23.1 230 1720 0.49

23.6 240 1690 0.49

24.1 240 1600 0.49

24.6 240 1620 0.49

25.1 230 1650 0.49

25.6 240 1660 0.49

26.1 240 1690 0.49

26.6 240 1690 0.49

27.1 240 1680 0.49

27.6 240 1690 0.49

28.1 240 1690 0.49

28.6 250 1750 0.49

29.1 260 1780 0.49

29.6 270 1810 0.49

30.1 270 1810 0.49

30.6 270 1780 0.49

31.1 290 1760 0.49

31.6 290 1760 0.49

32.1 290 1750 0.49

32.6 290 1780 0.49

33.1 280 1790 0.49

33.6 280 1800 0.49

34.1 280 1790 0.49

34.6 280 1790 0.49

35.1 290 1780 0.49

35.6 280 1770 0.49

36.1 300 1770 0.49

36.6 300 1770 0.48

37.1 310 1750 0.48

37.6 310 1770 0.48

38.1 310 1760 0.48

38.6 310 1750 0.48

39.1 320 1770 0.48

39.6 330 1860 0.48

40.1 330 1870 0.48

40.6 330 1880 0.48

41.1 340 1860 0.48

41.6 340 1930 0.48

42.1 350 1930 0.48

42.6 350 1930 0.48

43.1 340 1900 0.48
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SCHUYLER HElM BRIDGE BORING R-QS-Q14
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Figure A-2. Boring R-09-014, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-2. Boring R-09-014, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(tt) (ftls) Ift/sl

8.1 300 4830 0.50

9.8 250 4310 0.50

11.4 260 4430 0.50

13.0 340 4370 0.50

14.7 300 4590 0.50

16.3 370 4760 0.50

18.0 370 4760 0.50

19.6 400 4830 0.50

21.2 400 4910 0.50

22.9 410 4870 0.50

24.5 450 5020 0.50

26.2 470 5060 0.50

27.8 490 5190 0.50

29.4 510 5190 0.50

31.1 520 5230 0.49

32.7 540 5190 0.49

34.4 490 5020 0.50

36.0 510 5020 0.49

37.6 490 4950 0.50

39.3 480 4950 0.50

40.9 560 5100 0.49

42.6 570 4910 0.49

44.2 530 5060 0.49

45.8 540 4370 0.49

47.5 490 4370 0.49

49.1 510 4220 0.49

50.8 530 4280 0.49

52.4 560 4830 0.49

54.0 610 5280 0.49

55.7 630 5100 0.49

57.3 630 5100 0.49

59.0 620 5410 0.49

60.6 660 5320 0.49

62.2 660 5410 0.49

63.9 670 5150 0.49

65.9 690 5360 0.49

67.2 690 5360 0.49

68.8 720 5410 0.49

70.5 740 5460 0.49

72.1 740 5410 0.49

73.7 760 5500 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

2.5 90 1470 0.50

3.0 80 1310 0.50

3.5 80 1350 0.50

4.0 100 1330 0.50

4.5 90 1400 0.50

5.0 110 1450 0.50

5.5 110 1450 0.50

6.0 120 1470 0.50

6.5 120 1500 0.50

7.0 120 1480 0.50

7.5 140 1530 0.50

8.0 140 1540 0.50

8.5 150 1580 0.50

9.0 150 1580 0.50

9.5 160 1590 0.49

10.0 160 1580 0.49

10.5 150 1530 0.50

11.0 150 1530 0.49

11.5 150 1510 0.50

12.0 150 1510 0.50

12.5 170 1560 0.49

13.0 170 1500 0.49

13.5 160 1540 0.49

14.0 160 1330 0.49

14.5 150 1330 0.49

15.0 150 1290 0.49

15.5 160 1300 0.49

16.0 170 1470 0.49

16.5 190 1610 0.49

17.0 190 1560 0.49

17.5 190 1560 0.49

18.0 190 1650 0.49

18.5 200 1620 0.49

19.0 200 1650 0.49

19.5 200 1570 0.49

20.1 210 1640 0.49

20.5 210 1640 0.49

21.0 220 1650 0.49

21.5 220 1660 0.49

22.0 230 1650 0.49

22.5 230 1680 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(tt) (ftls) (ftls)

75.4 790 5650 0.49

77.0 790 5650 0.49

78.7 820 5650 0.49

80.3 850 5750 0.49

81.9 870 5750 0.49

83.6 900 5700 0.49

85.2 920 5700 0.49

86.9 910 5700 0.49

88.5 940 5810 0.49

90.1 910 5700 0.49

91.8 900 5890 0.49

93.4 910 5890 0.49

95.1 920 5970 0.49

96.7 920 5860 0.49

98.7 930 6000 0.49

100.0 960 5920 0.49

101.6 950 5920 0.49

103.3 960 5890 0.49

105.2 950 5810 0.49

106.5 940 5860 0.49

108.2 950 5890 0.49

109.8 960 5890 0.49

111.5 960 6000 0.49

113.1 1010 5920 0.49

114.7 980 5970 0.49

116.4 980 6000 0.49

118.0 960 5730 0.49

119.7 1010 6090 0.49

121.3 1010 6090 0.49

122.9 1030 6210 0.49

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

23.0 240 1720 0.49

23.5 240 1720 0.49

24.0 250 1720 0.49

24.5 260 1750 0.49

25.0 260 1750 0.49

25.5 270 1740 0.49

26.0 280 1740 0.49

26.5 280 1740 0.49

27.0 280 1770 0.49

27.5 280 1740 0.49

28.0 270 1790 0.49

28.5 280 1790 0.49

29.0 280 1820 0.49

29.5 280 1790 0.49

30.1 280 1830 0.49

30.5 290 1800 0.49

31.0 290 1800 0.49

31.5 290 1790 0.49

32.1 290 1770 0.49

32.5 290 1790 0.49

33.0 290 1790 0.49

33.5 290 1790 0.49

34.0 290 1830 0.49

34.5 310 1800 0.49

35.0 300 1820 0.49

35.5 300 1830 0.49

36.0 290 1750 0.49

36.5 310 1860 0.49

37.0 310 1860 0.49

37.5 310 1890 0.49
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SCHUYLER HElM BRIDGE BORING R-QS-Q21
Source to Receiver and Receiver to Receiver Analysis
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Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftls) (ftls)

11.8 430 3950 0.49

13.4 460 4040 0.49

15.1 490 3910 0.49

16.1 530 4340 0.49

18.3 490 4680 0.49

20.0 450 4530 0.50

21.6 440 4590 0.50

23.3 440 4530 0.50

24.9 440 4740 0.50

26.6 490 4940 0.50

28.2 530 4870 0.49

29.8 530 5040 0.49

31.5 550 4990 0.49

33.1 580 5100 0.49

34.8 560 5040 0.49

36.4 590 5150 0.49

38.0 590 5120 0.49

39.7 590 5120 0.49

41.3 600 5270 0.49

43.0 560 5270 0.49

44.6 540 5250 0.49

46.2 540 5230 0.49

47.9 540 5210 0.49

49.5 560 5310 0.49

51.2 630 5330 0.49

52.8 630 5290 0.49

54.4 600 5310 0.49

56.1 630 5350 0.49

57.7 630 5410 0.49

59.4 660 5530 0.49

61.0 750 5600 0.49

62.6 740 5580 0.49

64.3 740 5510 0.49

65.9 730 5470 0.49

67.6 700 5510 0.49

69.2 690 5550 0.49

70.8 690 5620 0.49

72.5 690 5470 0.49

74.1 690 5430 0.49

75.8 710 5470 0.49

77.4 760 5580 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

3.6 130 1200 0.49

4.1 140 1230 0.49

4.6 150 1190 0.49

4.9 160 1320 0.49

5.6 150 1430 0.49

6.1 140 1380 0.50

6.6 130 1400 0.50

7.1 130 1380 0.50

7.B 130 1440 0.50

8.1 150 1500 0.50

8.6 160 1480 0.49

9.1 160 1540 0.49

9.6 170 1520 0.49

10.1 180 1550 0.49

10.6 170 1540 0.49

11.1 180 1570 0.49

11.6 180 1560 0.49

12.1 180 1560 0.49

12.6 180 1610 0.49

13.1 170 1610 0.49

13.6 160 1600 0.49

14.1 170 1590 0.49

14.6 170 1590 0.49

15.1 170 1620 0.49

15.6 190 1620 0.49

16.1 190 1610 0.49

16.6 180 1620 0.49

17.1 190 1630 0.49

17.6 190 1650 0.49

18.1 200 1690 0.49

18.6 230 1710 0.49

19.1 230 1700 0.49

19.6 230 1680 0.49

20.1 220 1670 0.49

20.6 210 1680 0.49

21.1 210 1690 0.49

21.6 210 1710 0.49

22.1 210 1670 0.49

22.6 210 1650 0.49

23.1 220 1670 0.49

23.6 230 1700 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ftls) (ftls)

79.0 770 5580 0.49

80.7 820 5550 0.49

82.3 830 5620 0.49

84.0 850 5550 0.49

85.6 880 5580 0.49

87.2 880 5670 0.49

88.9 890 5710 0.49

90.5 920 5760 0.49

92.2 930 5850 0.49

93.8 950 5880 0.49

95.4 960 5880 0.49

97.1 970 5850 0.49

98.7 980 5880 0.49

100.4 1000 5800 0.48

102.0 1000 5930 0.49

103.7 1020 5830 0.48

105.3 1020 5930 0.48

106.9 1030 5970 0.48

108.6 1030 5730 0.48

110.2 1040 5930 0.48

111.9 1040 5880 0.48

113.5 1040 5970 0.48

115.1 1060 5970 0.48

116.8 1060 5970 0.48

118.4 1060 6030 0.48

120.4 1080 5930 0.48

121.7 1090 5970 0.48

123.3 1090 5970 0.48

125.0 1100 6130 0.48

126.6 1090 6080 0.48

128.3 1050 5970 0.48

129.9 1050 5850 0.48

131.5 1110 6050 0.48

133.2 1110 6100 0.48

134.8 1140 6160 0.48

136.5 1150 6210 0.48

138.1 1160 6410 0.48

139.7 1160 6380 0.48

141.4 1160 6580 0.48

143.0 1170 6680 0.48

144.7 1180 6710 0.48

146.3 1210 6550 0.48

147.9 1200 6550 0.48

149.9 1210 6580 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

24.1 240 1700 0.49

24.6 250 1690 0.49

25.1 250 1710 0.49

25.6 260 1690 0.49

26.1 270 1700 0.49

26.6 270 1730 0.49

27.1 270 1740 0.49

27.6 280 1750 0.49

28.1 280 1780 0.49

28.6 290 1790 0.49

29.1 290 1790 0.49

29.6 300 1780 0.49

30.1 300 1790 0.49

30.6 300 1770 0.48

31.1 310 1810 0.49

31.6 310 1780 0.48

32.1 310 1810 0.48

32.6 310 1820 0.48

33.1 310 1750 0.48

33.6 320 1810 0.48

34.1 320 1790 0.48

34.6 320 1820 0.48

35.1 320 1820 0.48

35.6 320 1820 0.48

36.1 320 1840 0.48

36.7 330 1810 0.48

37.1 330 1820 0.48

37.6 330 1820 0.48

38.1 330 1870 0.48

38.6 330 1850 0.48

39.1 320 1820 0.48

39.6 320 1780 0.48

40.1 340 1840 0.48

40.6 340 1860 0.48

41.1 350 1880 0.48

41.6 350 1890 0.48

42.1 350 1950 0.48

42.6 350 1940 0.48

43.1 350 2010 0.48

43.6 360 2030 0.48

44.1 360 2040 0.48

44.6 370 2000 0.48

45.1 370 2000 0.48

45.7 370 2010 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(tt) (ftls) (ftls)

151.2 1230 6490 0.48

153.2 1230 6460 0.48

154.5 1250 6520 0.48

156.1 1290 6520 0.48

157.8 1300 6580 0.48

159.4 1260 6490 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

46.1 370 1980 0.48

46.7 370 1970 0.48

47.1 380 1990 0.48

47.6 390 1990 0.48

48.1 400 2010 0.48

48.6 380 1980 0.48
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SCHUYLER HElM BRIDGE BORING R-DS-D22
Source to Receiver and Receiver to Receiver Analysis
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Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and SH-wave data
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ft/s) (ft/s)

8.1 320 2410 0.49

9.8 290 3540 0.50

11.4 310 3790 0.50

13.0 330 4140 0.50

15.0 360 4760 0.50

16.3 420 4910 0.50

18.0 430 4910 0.50

19.6 450 5060 0.50

21.2 520 5060 0.49

22.9 560 5150 0.49

24.5 540 5060 0.49

26.2 570 5150 0.49

27.8 580 5150 0.49

29.4 580 5150 0.49

31.1 670 5150 0.49

32.7 640 5100 0.49

34.4 600 5130 0.49

36.0 590 5040 0.49

37.6 550 4930 0.49

39.0 550 4950 0.49

40.9 570 4960 0.49

42.6 560 5060 0.49

44.2 560 4960 0.49

45.8 540 4950 0.49

47.5 510 4870 0.49

49.1 530 4950 0.49

50.8 560 5150 0.49

52.4 610 5150 0.49

54.0 640 5150 0.49

55.7 650 5170 0.49

57.3 640 5170 0.49

58.3 630 5100 0.49

60.6 650 5170 0.49

62.2 650 5150 0.49

63.9 650 5340 0.49

65.5 690 5300 0.49

67.2 690 5360 0.49

68.8 700 5340 0.49

70.5 750 5320 0.49

72.1 740 5230 0.49

73.7 760 5190 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

2.5 100 730 0.49

3.0 90 1080 0.50

3.5 90 1160 0.50

4.0 100 1260 0.50

4.6 110 1450 0.50

5.0 130 1500 0.50

5.5 130 1500 0.50

6.0 140 1540 0.50

6.5 160 1540 0.49

7.0 170 1570 0.49

7.5 160 1540 0.49

8.0 170 1570 0.49

8.5 180 1570 0.49

9.0 180 1570 0.49

9.5 200 1570 0.49

10.0 200 1560 0.49

10.5 180 1560 0.49

11.0 180 1540 0.49

11.5 170 1500 0.49

11.9 170 1510 0.49

12.5 170 1510 0.49

13.0 170 1540 0.49

13.5 170 1510 0.49

14.0 170 1510 0.49

14.5 150 1480 0.49

15.0 160 1510 0.49

15.5 170 1570 0.49

16.0 190 1570 0.49

16.5 190 1570 0.49

17.0 200 1580 0.49

17.5 190 1580 0.49

17.8 190 1560 0.49

18.5 200 1580 0.49

19.0 200 1570 0.49

19.5 200 1630 0.49

20.0 210 1610 0.49

20.5 210 1640 0.49

21.0 210 1630 0.49

21.5 230 1620 0.49

22.0 230 1590 0.49

22.5 230 1580 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ft/s) (ft/s)

7504 770 5080 0049

77.0 790 5130 0049

78.7 850 5170 0.49

80.3 890 5320 0.49

81.9 920 5360 0048

83.6 960 5460 0.48

85.2 1000 5550 0048

86.9 1020 5600 0048

88.5 1020 5730 0048

90.1 1050 5780 0048

91.8 1050 5730 0048

9304 1050 5630 0048

95.1 1030 5730 0048

96.7 1050 5730 0048

98.3 1060 5730 0048

100.0 1080 5730 0048

101.0 1090 5780 0048

103.3 1080 5860 0048

104.9 1060 5810 0048

106.5 990 5600 0048

108.2 1090 5700 0048

109.8 1130 6060 0048

111.5 1160 6180 0048

113.1 1160 6180 0048

114.7 1130 6180 0048

11604 1120 6000 0048

118.0 1120 6090 0048

119.7 1130 5830 0048

121.3 1210 6030 0048

123.3 1310 6060 0048

124.6 1310 6180 0048

126.2 1280 6180 0048

128.2 1270 5940 0048

129.5 1230 5940 0048

131.1 1200 5940 0048

132.8 1160 5860 0048

13404 1170 5940 0048

136.1 1230 6210 0048

137.7 1370 6390 0048

139.3 1470 6430 0047

141.0 1510 6530 0047

142.6 1420 6730 0048

144.3 1360 6660 0.48

146.2 1350 6490 0048

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

23.0 240 1550 0049

23.5 240 1560 0049

24.0 260 1580 0049

24.5 270 1620 0049

25.0 280 1640 0048

25.5 290 1660 0048

26.0 310 1690 0048

26.5 310 1710 0048

27.0 310 1750 0048

27.5 320 1760 0048

28.0 320 1750 0048

28.5 320 1720 0048

29.0 310 1750 0048

29.5 320 1750 0048

30.0 320 1750 0048

30.5 330 1750 0048

30.8 330 1760 0048

31.5 330 1790 0048

32.0 320 1770 0048

32.5 300 1710 0048

33.0 330 1740 0048

33.5 340 1850 0048

34.0 350 1880 0048

34.5 350 1880 0048

35.0 340 1880 0048

35.5 340 1830 0048

36.0 340 1860 0048

36.5 340 1780 0048

37.0 370 1840 0048

37.6 400 1850 0048

38.0 400 1880 0048

38.5 390 1880 0048

39.1 390 1810 0048

39.5 380 1810 0.48

40.0 370 1810 0.48

40.5 350 1790 0.48

41.0 360 1810 0.48

41.5 380 1890 0.48

42.0 420 1950 0.48

42.5 450 1960 0.47

43.0 460 1990 0.47

43.5 430 2050 0.48

44.0 410 2030 0.48

44.6 410 1980 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ftls) (ftls)

147.6 1300 6360 0.48

149.2 1310 6270 0.48

150.8 1280 6390 0.48

152.5 1310 6530 0.48

154.1 1310 6490 0.48

155.8 1350 6660 0.48

157.4 1460 6880 0.48

159.0 1440 6700 0.48

160.7 1310 6300 0.48

162.3 1210 5860 0.48

164.0 1250 5780 0.48

165.6 1210 5810 0.48

167.2 1190 5860 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

45.0 400 1940 0.48

45.5 400 1910 0.48

46.0 390 1950 0.48

46.5 400 1990 0.48

47.0 400 1980 0.48

47.5 410 2030 0.48

48.0 450 2100 0.48

48.5 440 2040 0.48

49.0 400 1920 0.48

49.5 370 1790 0.48

50.0 380 1760 0.48

50.5 370 1770 0.48

51.0 360 1790 0.48
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SCHUYLER HElM BRIDGE BORING R-DS-D26
Source to Receiver and Receiver to Receiver Analysis
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Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(tt) Ift/s) Ift/s)

8.1 340 3260 0.49

9.8 340 3520 0.50

11.4 360 4110 0.50

13.0 370 4520 0.50

14.7 400 4470 0.50

16.3 430 4690 0.50

18.0 420 4690 0.50

19.6 450 4830 0.50

21.2 470 4810 0.50

22.9 460 5060 0.50

24.5 500 5040 0.50

26.2 550 5040 0.49

27.8 570 5230 0.49

29.4 550 5210 0.49

31.1 530 5100 0.49

32.7 510 5040 0.49

34.4 500 5080 0.50

36.0 510 5080 0.49

37.6 510 5060 0.49

39.3 510 5040 0.49

40.9 540 5060 0.49

42.6 510 5040 0.49

44.2 530 5080 0.49

45.8 540 5060 0.49

47.5 530 5060 0.49

49.1 570 5040 0.49

50.8 600 5060 0.49

52.4 660 5190 0.49

54.0 710 5230 0.49

55.7 700 5230 0.49

57.3 640 5130 0.49

59.0 660 5150 0.49

60.6 690 5320 0.49

62.2 670 5340 0.49

63.9 700 5410 0.49

65.5 750 5430 0.49

67.2 740 5430 0.49

68.8 750 5360 0.49

70.5 760 5280 0.49

72.1 780 5250 0.49

73.7 770 5210 0.49

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) Im/s)

2.5 100 990 0.49

3.0 110 1070 0.50

3.5 110 1250 0.50

4.0 110 1380 0.50

4.5 120 1360 0.50

5.0 130 1430 0.50

5.5 130 1430 0.50

6.0 140 1470 0.50

6.5 140 1470 0.50

7.0 140 1540 0.50

7.5 150 1540 0.50

8.0 170 1540 0.49

8.5 170 1590 0.49

9.0 170 1590 0.49

9.5 160 1560 0.49

10.0 160 1540 0.49

10.5 150 1550 0.50

11.0 150 1550 0.49

11.5 150 1540 0.49

12.0 160 1540 0.49

12.5 160 1540 0.49

13.0 160 1540 0.49

13.5 160 1550 0.49

14.0 160 1540 0.49

14.5 160 1540 0.49

15.0 170 1540 0.49

15.5 180 1540 0.49

16.0 200 1580 0.49

16.5 220 1590 0.49

17.0 210 1590 0.49

17.5 200 1560 0.49

18.0 200 1570 0.49

18.5 210 1620 0.49

19.0 200 1630 0.49

19.5 210 1650 0.49

20.0 230 1660 0.49

20.5 230 1660 0.49

21.0 230 1640 0.49

21.5 230 1610 0.49

22.0 240 1600 0.49

22.5 230 1590 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(tt) (ftIs) (ftIs)

75.4 770 5320 0.49

no 770 5360 0.49

78.0 780 5250 0.49

80.3 810 5360 0.49

81.9 820 5300 0.49

83.6 860 5550 0.49

85.2 900 5650 0.49

86.9 930 5730 0.49

88.5 950 5650 0.49

90.1 990 5730 0.48

91.8 1000 5860 0.48

93.4 990 5920 0.49

95.1 970 5890 0.49

96.7 990 5890 0.49

98.3 1000 5920 0.49

100.0 1010 5970 0.49

101.6 1050 5920 0.48

103.3 1070 5920 0.48

104.9 1090 6000 0.48

106.5 1110 6030 0.48

108.2 1110 6030 0.48

109.8 1120 6000 0.48

111.5 1150 6090 0.48

113.1 1190 6120 0.48

114.7 1160 6150 0.48

116.4 1160 6030 0.48

118.0 1180 6000 0.48

119.7 1170 5970 0.48

121.3 1190 5920 0.48

122.9 1250 6120 0.48

124.6 1310 6240 0.48

126.2 1330 6460 0.48

127.9 1300 6360 0.48

129.5 1310 6390 0.48

131.1 1280 6270 0.48

132.8 1350 6490 0.48

134.4 1410 6730 0.48

136.1 1380 6730 0.48

137.7 1240 6660 0.48

139.3 1170 6490 0.48

141.0 1170 6490 0.48

142.6 1190 6560 0.48

144.3 1260 6430 0.48

145.9 1330 6660 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

23.0 230 1620 0.49

23.5 240 1640 0.49

23.8 240 1600 0.49

24.5 250 1640 0.49

25.0 250 1610 0.49

25.5 260 1690 0.49

26.0 270 1720 0.49

26.5 280 1750 0.49

27.0 290 1720 0.49

27.5 300 1750 0.48

28.0 310 1790 0.48

28.5 300 1800 0.49

29.0 300 1790 0.49

29.5 300 1790 0.49

30.0 310 1800 0.49

30.5 310 1820 0.49

31.0 320 1800 0.48

31.5 330 1800 0.48

32.0 330 1830 0.48

32.5 340 1840 0.48

33.0 340 1840 0.48

33.5 340 1830 0.48

34.0 350 1860 0.48

34.5 360 1860 0.48

35.0 350 1870 0.48

35.5 350 1840 0.48

36.0 360 1830 0.48

36.5 360 1820 0.48

37.0 360 1800 0.48

37.5 380 1860 0.48

38.0 400 1900 0.48

38.5 410 1970 0.48

39.0 400 1940 0.48

39.5 400 1950 0.48

40.0 390 1910 0.48

40.5 410 1980 0.48

41.0 430 2050 0.48

41.5 420 2050 0.48

42.0 380 2030 0.48

42.5 360 1980 0.48

43.0 360 1980 0.48

43.5 360 2000 0.48

44.0 380 1960 0.48

44.5 410 2030 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(ft) (ftIs) (ftIs)

147.6 1380 6660 0.48

149.2 1450 6730 0.48

150.8 1550 7030 0.47

152.5 1610 7030 0.47

154.1 1490 6700 0.47

155.8 1420 6150 0.47

157.4 1330 6000 0.47

159.0 1320 5700 0.47

160.7 1280 5600 0.47

162.3 1330 5680 0.47

164.0 1320 5600 0.47

165.6 1360 5630 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) (m/s)

45.0 420 2030 0.48

45.5 440 2050 0.48

46.0 470 2140 0.47

46.5 490 2140 0.47

47.0 450 2040 0.47

47.5 430 1870 0.47

48.0 410 1830 0.47

48.5 400 1740 0.47

49.0 390 1710 0.47

49.5 410 1730 0.47

50.0 400 1710 0.47

50.5 420 1720 0.47
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SCHUYLER HElM BRIDGE BORING R-QS-Q28
Source to Receiver and Receiver to Receiver Analysis
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Figure A-5. Boring R-09-028, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-5. Boring R-09-028, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(tt) (ft/s) Ift/s)

8.1 370 2440 0.49

9.8 370 3660 0.49

11.4 350 4590 0.50

13.0 350 4490 0.50

14.7 410 4400 0.50

16.3 400 4650 0.50

18.0 420 4760 0.50

19.6 470 4720 0.49

21.2 520 4670 0.49

22.9 510 4690 0.49

24.5 540 4670 0.49

26.2 550 4780 0.49

27.8 570 4950 0.49

29.4 660 4980 0.49

31.1 690 4930 0.49

32.7 610 4910 0.49

34.4 570 4870 0.49

36.0 550 4670 0.49

37.6 520 4780 0.49

39.3 550 4760 0.49

40.9 600 4950 0.49

42.6 590 4870 0.49

44.2 570 4950 0.49

45.8 580 5000 0.49

47.5 570 5040 0.49

49.1 600 5020 0.49

50.8 670 5100 0.49

52.4 690 5130 0.49

54.0 730 5250 0.49

55.7 780 5250 0.49

57.3 780 5210 0.49

59.0 790 5300 0.49

60.6 800 5230 0.49

62.2 830 5250 0.49

63.9 870 5230 0.49

65.5 890 5390 0.49

67.2 880 5390 0.49

68.8 890 5320 0.49

70.5 890 5360 0.49

72.1 890 5340 0.49

73.7 890 5390 0.49

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(rn) (m/s) (m/s)

2.5 110 740 0.49

3.0 110 1120 0.49

3.5 110 1400 0.50

4.0 110 1370 0.50

4.5 120 1340 0.50

5.0 120 1420 0.50

5.5 130 1450 0.50

6.0 140 1440 0.49

6.5 160 1420 0.49

7.0 160 1430 0.49

7.5 160 1420 0.49

8.0 170 1460 0.49

8.5 170 1510 0.49

9.0 200 1520 0.49

9.5 210 1500 0.49

10.0 190 1500 0.49

10.5 170 1480 0.49

11.0 170 1420 0.49

11.5 160 1460 0.49

12.0 170. 1450 0.49

12.5 180 1510 0.49

13.0 180 1480 0.49

13.5 170 1510 0.49

14.0 180 1530 0.49

14.5 170 1540 0.49

15.0 180 1530 0.49

15.5 200 1560 0.49

16.0 210 1560 0.49

16.5 220 1600 0.49

17.0 240 1600 0.49

17.5 240 1590 0.49

18.0 240 1610 0.49

18.5 250 1590 0.49

19.0 250 1600 0.49

19.5 260 1590 0.49

20.0 270 1640 0.49

20.5 270 1640 0.49

21.0 270 1620 0.49

21.5 270 1640 0.49

22.0 270 1630 0.49

22.5 270 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ftls) (ftls)

75.4 890 5480 0.49

77.0 900 5500 0.49

78.7 860 5430 0.49

80.3 830 5460 0.49

81.9 800 5320 0.49

83.6 730 5210 0.49

85.2 730 5190 0.49

86.9 730 5340 0.49

88.5 760 5410 0.49

90.1 850 5460 0.49

91.8 980 5630 0.48

93.4 1030 5810 0.48

95.1 1010 5700 0.48

96.7 960 5460 0.48

98.3 950 5480 0.48

100.0 940 5630 0.49

101.6 1030 5780 0.48

103.3 1090 6030 0.48

104.9 1120 6090 0.48

106.5 1120 6090 0.48

108.2 1030 5970 0.48

109.8 1030 6000 0.48

111.5 1030 5940 0.48

113.1 1030 5970 0.48

114.7 1030 6120 0.49

116.4 1110 6060 0.48

118.0 1080 6120 0.48

119.7 1080 6090 0.48

121.3 1010 6000 0.49

122.9 1030 6090 0.49

124.6 1090 6090 0.48

126.2 1110 6120 0.48

127.9 1160 6330 0.48

129.5 1210 6560 0.48

131.1 1230 6700 0.48

132.8 1280 6730 0.48

134.4 1340 6660 0.48

136.1 1360 6560 0.48

138.0 1330 6300 0.48

139.3 1330 6270 0.48

141.0 1310 . 6060 0.48

142.6 1310 5920 0.47

144.3 1300 5780 0.47

145.9 1360 5700 0.47

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

23.0 270 1670 0.49

23.5 270 1680 0.49

24.0 260 1660 0.49

24.5 250 1660 0.49

25.0 250 1620 0.49

25.5 220 1590 0.49

26.0 220 1580 0.49

26.5 220 1630 0.49

27.0 230 1650 0.49

27.5 260 1660 0.49

28.0 300 1720 0.48

28.5 310 1770 0.48

29.0 310 1740 0.48

29.5 290 1660 0.48

30.0 290 1670 0.48

30.5 290 1720 0.49

31.0 310 1760 0.48

31.5 330 1840 0.48

32.0 340 1860 0.48

32.5 340 1860 0.48

33.0 310 1820 0.48

33.5 310 1830 0.48

34.0 310 1810 0.48

34.5 310 1820 0.48

35.0 310 1860 0.49

35.5 340 1850 0.48

36.0 330 1860 0.48

36.5 330 1860 0.48

37.0 310 1830 0.49

37.5 310 1860 0.49

38.0 330 1860 0.48

38.5 340 1860 0.48

39.0 350 1930 0.48

39.5 370 2000 0.48

40.0 370 2040 0.48

40.5 390 2050 0.48

41.0 410 2030 0.48

41.5 410 2000 0.48

42.1 400 1920 0.48

42.5 410 1910 0.48

43.0 400 1850 0.48

43.5 400 1800 0.47

44.0 400 1760 0.47

44.5 410 1740 0.47
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs vo Ratio

(tt) (ftIs) (ftIs)

147.6 1360 5750 0.47

149.2 1370 5700 0.47

151.2 1360 5600 0.47

152.5 1350 5580 0.47

154.1 1360 5550 0.47

155.8 1350 5390 0.47

157.4 1340 5410 0.47

159.0 1370 5430 0.47

160.7 1350 5410 0.47

162.3 1360 5630 0.47

164.0 1360 5650 0.47

165.6 1370 5650 0.47

167.2 1360 5700 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

45.0 410 1750 0.47

45.5 420 1740 0.47

46.1 410 1710 0.47

46.5 410 1700 0.47

47.0 410 1690 0.47

47.5 410 1640 0.47

48.0 410 1650 0.47

48.5 420 1660 0.47

49.0 410 1650 0.47

49.5 410 1720 0.47

50.0 410 1720 0.47

50.5 420 1720 0.47

51.0 410 1740 0.47
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APPENDIX B

BORING GEOPHYSICAL LOGGING
SYSTEMS - NIST TRACEABLE CALIBRATION
PROCEDURES AND CALIBRATION RECORDS
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~!;:~I EDISON ESr
;\ SOUTIiUIN (";\/./I'OIINI/\ (o/)/SON!' ('0111}'1I11)'

Metrology
7300 Fenwick Lane
Westminster, CA 92683
foil Free: 866-723-2257

Calibration Report

GEOVision Geophysical Services
1124 Olympic Drive

Corona, CA 92881-3390

• , ....J~ ....~. " ...., I , ..................

Page 1 of 4

1IIIIIIIImiliu m~i111111i11111111l1
573794

Lab Code: 105014-0

Manufacturer:
Model Number:
Description:
Asset Number:
Serial Number:
Cal. Procedure:
PO Number:

Oyo
3403
Unit, Suspension Telemetry

160023
160023
Customer

9200-090716-01

Ambient Temnerature:
Ambient Humidity:
Condition As Found:
Condition As Left:
Calibration Date:
Calibration Due Date:
Calibration Interval:

23° C

56% RH
In Tolerance

In Tolerance - No Adjustment

07/17/2009

07/17/2010
12 Months

Remarl{s:
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SCE Document M013987. The data can be found on pages 2 and 3 of this report with the original observation data on page 4.

Standards Utilized

81-01252

81-01347

81-03686

Hewlett Packard

Hewlett Packard

Fluke

5335A OPT 010,203040

3325A

910

Counter, Universal

Generator, Function, 8ynthesizer

Standard, Frequency, Controlled, Gps

01/29/2009 07/29/2009

05/04/2009 11/04/2009

01/24/2009 01/24/2010

Metrologist
Title

714-895-0714
Phone

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the
items tested or calibrated. Measurements reported herein are traceable to 81 units via national standards maintained by NI8T. This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014-0, and in compliance with 180llEC 17025:2005, ANSIINCSL Z540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided,
the uncertai~¥:o1{}ted is~he eXP~:!7ded uncertainty of the measurement, where k=2.
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Page 2 of 4

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

Test No. 573794
Asset No. 160023

Out CALIBRATIONSTEP FUNCTION NOMINAL
AS FOUND AS LEFT of

TOLERANCENUM TESTED VALUE Tol --------j-

49.50 to 50.50 HzCHHN
Frequency 50.00 Hz 50.00 Same [EMU 0.000250]Sine Wave

99.0 to 101.0 Hz
I 100.0 Hz 100.0 Same [EMU 0.000500]

----

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same [EMU 0.001000]

------ -

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same

[EMU 0.002500]
--_.-_0

990 to 1010 Hz
I 1000 Hz 1000 Same

[EMU 0.005000]
.__._.. -

1980 to 2020 Hz
I 2000Hz 2000 Same

[EMU 0.010000]
.._-_._--_.

CRRR 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave

--

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500]

--____._0r----

198.0 to 202.0 HzI 200.0 Hz 200.0 Same
[EMU 0.001000]

--------

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same [EMU 0.002500]

-----_.-1-0

990 to 1010 HzI 1000 Hz 1000 Same [EMU 0.005000]
.__0-

1980 to 2020 HzI 2000 Hz 2000 Same [EMU 0.010000]-_.._--.__.._-- -------
CRY 49.50 to 50.50 Hz

Frequency 50.00 Hz 50.00 Same [EMU 0.000250]Sine Wave
----------_.

99.0 to 101.0 Hz
I 100.0 Hz 100.0 Same [EMU 0.000500]

---_.-._0_--_- --

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same [EMU 0.001000]

----

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same [EMU 0.002500]

------ -r·------ --
Remarks:

Mlu/ems CPM: Vcrsioll 2.J.2 (Professional)

Src DUI: (9548AF3D·C74D-4C9F./IEEF.JlEF560BC451j (c)

Doc DUJ: (AB10F47E·4C5F·4650.91CB.A05A72E361Clj (0)

ATTACHMENT 2
Page 1 of2

Customer
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Test No. 573794
Asset No. 160023

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4

STEP FUNCTION NOMINAL Out CALIBRATION
AS FOUND AS LEFT of

NUM TESTED VALUE Tol TOLERANCE
--------

CRY 990 to 1010 Hz
Frequency 1000 Hz 998.9 Same
Sine Wave [EMU 0.005000]

----- --- _ ..._-

I 2000 Hz 2000 Same
1980 to 2020 Hz
[EMU 0.010000]

------------

1---

---

---- --

t-. --

_._----1--- --

~~_._-------. -.-

1-------- r---- ----------

1--- --

-

f--------_.------ ---

I

---

-----t-- ... -

-------1---- /---- ------------

----'-- ---------
Remarks:

!11m/Cats CPM: Version 2.2.2 (Professional)

Src DUI: (9548AF3D-C74D-4C9F-AEEF-2IEF560BC45I) (c)

Doc DUI: (ABJOF47E-4C5F·4650·9ICB.A05.·j72E36ICI) (o)

GEOVision Report 9375-01 rev a

ATTACHMENT 2
Page 2 of2
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ge@phy~iC@,j, eerotce«

SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.:
Serial no.:
By:

Oyo
160023
Craig Branson

3403
7/17/2009
7/17/2010

Hewlett-Packard
2652A25647
SCE #S1-01347

Hewlett-Packard
2626A09881
SCE #S1-01252

Counter mfg.:
Serial no.:
By:

Signal generator mfg.:
Serial no.:
By:

SYSTEM SETTINGS:
Gain:
Filter
Range:
Delay:
Stack (1 std)
System date =correct date and time

8
10KHz
See sample period in table below
o

7/17/2009

5335A
1/29/2009
7/29/2009

3325A
5/4/2009
11/4/2009

/010(

PROCEDURE:
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG .EXE program, note duration on data form, and save as
.sps file. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*100)% As found -0, (I/' As left
_0 f ,,(

Target Actual Sample File Time for Average Time for Average Time for Average
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 9 cycles Frequency

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr (Hz) V (msec) V (Hz)
50.00 50.00 200 401 1<g0.00 'i"0.00 18°.DO :)0.00 1'80. 0 0 5'0 0 0
100.0 100.0 100 402 ~UJoo 100.0 <:te, 00 IDo, 0 tto. DO ItPo.o
200.0 200.0 50 403 Lf'i.oo 2.. 0 0 . 0 4'.00 l:.oo.o 4 '5.0 0 LCD. 0

500.0 500.0 20 404 , ~.oo 5"0 0 , 0 / ~.OO ':)00.0 t e.e» 5'"00,0

1000 1000 10 405 q.ooo /ODO '1,000 11900 't.oIO qqx q
2000 2000 5 406 4.?00 z.eeo Lf,o)oo 2...ooc» ~.'ioo 2...Iboo

Calibrated by: Craig Branson
Name

7/17/2009
Date Signature

Witnessed by: Robert Steller 7/17/2009
Name Date

Suspension PS Seismic Recorder/Logger Calibration Data Form

yiJL--
Signature

Rev 2.0 July 21 ,2008
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EDISON ESr"
,\ SUlfTliFII.·\! C,\UI'ONN!A {:Ii/SON'.' COrlll'lIll)'

Metrology
7300 Fenwick Lane
Westminster, CA 92683

roll Free: 866-723-2257

Calibration Report

GEOVision Geophysical Services
1124 Olympic Drive

Corona, CA 92881-3390

Page 1 of 4

I111111 IllllllIl m~~11111I11111111I1
573795

Lab Code: 105014-0

Manufacturer:
Model Number:
Description:
Asset Number:
Serial Number:
Cal. Procedure:
PO Number:

ayo
3403
Unit, Suspension Telemetry

160024

160024

Customer

9200-090716-01

Ambient Temperature:
Ambient Humidity:
Condition As Found:
Condition As Left:
Calibration Date:
Calibration Due Date:
Calibration Interval:

23° C
56% RH
In Tolerance
In Tolerance - No Adjustment

07/17/2009

07/17/2010

12 Months

Remarks:
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SCE Document M013987. The data can be found on pages2 and 3 of this report with the original observation data on page 4.

Standards Utilized

S1-01252

S1-01347

S1-03686

Hewlett Packard

Hewlett Packard

Fluke

5335A OPT 010,203040

3325A

910

Counter, Universal

Generator, Function, Synthesizer

Standard, Frequency, Controlled, Gps

01/29/2009 07/29/2009

05/04/2009 11/04/2009

01/24/2009 01/24/2010

Title

Branson, Craig A f\ A'S Metrologist
------~....:-------
Nnme

714-895-0714

Phone

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014-0, and in compliance with ISO/IEG 17025:2005, ANSI/NGSL Z540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided,
the uncerta~~cr{}lted i~the eX6anded uncertainty of the measurement, where k=2.
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Page 2 of 4

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

Test No. 573795
24Asset No. 1600

Out CALIBRATIONSTEP FUNCTION NOMINAL
AS FOUND AS LEFT of

TOLERANCENUM TESTED VALUE Tal
--

CHHN 49.50 to 5050 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave

--

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500]

---- ----- ---

198.0 to 202.0 HzI 200.0 Hz 200.2 Same
[EMU 0.001000]

----1-------1-----

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same

[EMU 0.002500]
f----

990 to 1010 HzI 1000 Hz 1000 Same
[EMU 0.005000]

--_.---

1980 to 2020 HzI 2000 Hz 2000 Same
[EMU 0.010000]

---1------

49.50 to 50.50 HzCHHR
Frequency 50.00 Hz 50.00 Same

[EMU 0.000250]Sine Wave
---

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500]

_......._--

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same [EMU 0.001000]

..._--~--._--------

495.0 to 505.0 HzI 500.0 Hz 500.0 Same
[EMU 0.002500]-_ ..__.-

990 to 1010 Hz
I 1000Hz 1001 Same

[EMU 0.005000]
-----1----

1980 to 2020 HzI 2000 Hz 2000 Same [EMU 0.010000]
-- -----------

CHV 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same [EMU 0.000250]Sine Wave .
-"._-1-------- ---

99.0 to 101.0 Hz
I 100.0 Hz 100.0 Same

[EMU 0.000500]
--_.--_._--_._-

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same [EMU 0.001000]

"_._--

495.0 to 505.0 HzI 500.0 Hz 500.0 Same
[EMU 0.002500]

---_.-
Remarks:

;'>'fur/ems CPM: Version 2.1.2 (Professional}

Src DU/: 19548AF3D-C74D-4C9F-AEEF-2/EF560BC45/} Ie)
Doc DW: (/269COB2-3AJ3-416A-B/BF-409D9BB7DDDA) (o)

ATTACHMENT 2
Page 1 of2

Customer

GEOVision Report 9375-01 rev a Page 70 of 72 November 11, 2009



Test No. 573795
Asset No. 160024

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4

STEP FUNCTION NOMINAL Out CALIBRATION
AS FOUND AS LEFT of

NUM TESTED VALUE Tal TOLERANCE
1--.. .- ..- .-

CHV 990 to 1010 HzFrequency 1000 Hz 1000 Same
Sine Wave [EMU 0.005000]

--- . ..-

I 2000 Hz 2000 Same
1980 to 2020 Hz
[EMU 0.010000]

.----

.- ...-

.. ..-- .-

..._------

1---.. -- . ..

---- .. _...._--- •._-_._-

J- ... ..

- ._-----_ ...

... ._. -------.._-

f--. . .•-

f-----.. - .._--- •..-

- .._--

\---... - . __.._--_...._-- .- .._---. ....-

Remarks:

MlUICnls CPM: Version2.2.2 (Professional)
Src DU/: (9548,fF3D.C74D-4C9F-,fEEF-2JEF560BC45J) (c)

Doc DUJ: (J269COB2-3AJ3-4/6A-8JBF-409D9887DDDA) (0)

GEOVision Report 9375-01 rev a

ATTACHMENT 2
Page 2 of2

Page 71 of 72

Customer

November 11, 2009



-{+e~~C:~i

573/Cl5

ge®p'hysie:J:Xi,l, siervices

SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.:
Serial no.:
By:

Counter mfg.:
Serial no.:
By:

Oyo
160024
Craig Branson

Hewlett-Packard
2626A09881
SCE #S1-01252

3403
7/17/2009
7/17/2010

5335A
1/29/2009
7/29/2009

Hewlett-Packard
2652A25647
SCE #S1-01347

Signal generator mfg.:
Serial no.:
By:

SYSTEM SETTINGS:
Gain:
Filter
Range:
Delay:
Stack (1 std)
System date =correct date and time

8
10KHz
See sample period in table below
o
1
7/17/2009

3325A
5/4/2009
11/4/2009

PROCEDURE:
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as
.sps file. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*100)% As found b. /0 'I. As left o (0"(

Target Actual Sample File Time for Average Time for Average Time for Average
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 9 cycles Frequency

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr (Hz) V (msec) V (Hz)
50.00 50.00 200 501 Ieo 1)0 '0.00 18°,00 $"0.00 I SO. ae» 5"0. DO

100.0 100.0 100 502 9/).00 10D,O qc,Oo 10 0 .° 9o.o~ 1 0 0 , 0

200.0 200.0 50 503 L( '1. 'l5 Zoo.'Z... '-\ 5".0 o z..C:>t:>.O '-'5".00 2. (>0.0

500.0 500.0 20 504 (~.oo 5'co.o ( 'f/,00 '!)oc.o J '8. D 0 5"00.0

1000 1000 10 505 '1. 0 {)tJ lOOt:) 9. ~c:;o I a o I q,ooo /000

2000 2000 5 506 '-f. ?,t::J0 2-00 0 '-t. ;;00 z.oOQ 4,5"00 2-0 0 0

Calibrated by:

Witnessed by:

Craig Branson
Name

Robert Steller

7/17/2009
Date

7/17/2009

Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 July 21, 2008

GEOVision Report 9375-01 rev a Page 72 of 72 November 11, 2009



APPENDIX C. LABORATORY SOIL TEST RESULTS



SUMMARY OF LASORATORY TEST RESULTS

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc

DATE: 11/23/2009 SUMMARIZED BY: JT

*LL,PL,PI - liquid limit, Plastic Limit, Plastlcity Index

MOISTURE DRY %PASSING ATTERBERG
CONTENT DENSITY #200 LIMIT

BORING SAMPLE DEPTH ASTM ASTM ASTM ASTM
No. No. (ft) D2216 D2937 D1140 D4318

(%) (PCF) (%) (LL,PL,PI)*
R-09-033 S-01 5.0 12.7
R-09-033 D-02 10.0 12.7 104.6 21.4
R-09-033 U-04 20.0 61,26,35
R-09-033 D-05 25.0 10.9
R-09-033 S-08-1 40.0 47.8 41,23,18
R-09-033 U-09 45.0 25,24,1
R-09-033 D-10-1 50.0 55.5
R-09-033 S-11-1 55.0 31.9 29,28,1
R-09-033 S-11-2 55.8 30.5 24,23,1
R-09-033 D-12-1 60.0 25.5 100.4
R-09-033 S-13-1 65.0 38.6 38,24,14
R-09-033 S-16 80.0 20.7
R-09-033 S-17-2 90.6 35.5 33,22,11
R-09-033 8-19 100.0 14.2

..



GRAVEL I SAND I SILT OR CLAY
ICOARSE FINE COARS MEDIUM FINE

IJ.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER

3" 1-%" %U "r« #4 #10 #20 #40 #100 #200

I I

,= II J I

100

- I 1'-
909 -

~ -- 80

\l-
I I-I---- 70CJ

I I

I
ill ,
S

60>-

I I
ro II'i
0::: f\ui 50z

~~LL

I-z 40
iu

I I I I I ""0 1\0:::
W 30
0...

t
tl

20

I I t I 10

III I I 0

100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

SYMBOL
BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY

No. No. (FT) TYPE TYPE LIMIT INDEX

D R-09-033 U-04 20
Shelby

CH 61 35
Tube

Project Name:

qe ENVIRONMENTAL
ACTA Heim Bridge Replacement

GEOTECHNOLOGY
Client: Earth Mechanics, Inc.~..."..... .,. LABORATORY......... r-_....
Job No: 06-123-03
EGL Project No: 09-230-008A

GRAINSIZE
DISTRIBUTION CURVE

12/21/09 (ASTM 0422) FIGURE



GRAVEL I SAND SILT OR CLAY
ICOARSE FINE COARS MEDIUM FINE

ILS STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER

3" 1-Y:," :xu 3/a" #4 #10 #20 #40 #100 #200
~ 100

I

,~ ~

I rI I
-" I I I

~~
I'a.- 90

I - "" 1--- 80-,

II- ,
I 70(9

w \s
60>-

I I I \co
a:
w 50z

I I I II I ~u:::
I-
Z

II
I~I\

40w
0

~a:
w 300...

I II
t-,

I

-

~
20

10

II I II I I I I I 0
100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

SYMBOL
BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY

No. No. (FT) TYPE TYPE LIMIT INDEX

0 R-09-033 S-08-1 40 Bag CL 41 18

Project Name:

-@~ii ENVIRONMENTAL
ACTA Helm Bridge Replacement

GEOTECHNOLOGY
Client: Earth Mechanics, Inc.It....... • r

LABORATORY............... r-..-.....
Job No: 06-123-03

EGL Project No: 09-230-008A

GRAINSIZE
DISTRIBUTION CURVE

12/21/09 (ASTM 0422) FIGURE



GRAVEL I SAND SILT OR CLAY
ICOARSE FINE GOARS MEDIUM FINE

II.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER

3" 1-%" %" 3/s " #4 #10 #20 #40 #100 #200

I

I I I~I

I~I\ III
100

90

\
80

l-
I - I- 700

I
ill
5

60>-

I
co

\0:::
ill --r--- - 50z
u::: \I-
Z

I I I

-

I

40
ill
0 \0:::
ill - 30
0-

I I I I

~

- 1\ 20

I tl
I ~I"a- .

~ 10

I I I I I I I I
I~--t--s

I 0

100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

SYMBOL
BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY

No. No. (FT) TYPE TYPE LIMIT INDEX

D R-09-033 U-09 45
Shelby

ML 24 1
Tube

Project Name:

::::::::~::/::;:::~ ENVIRONMENTAL
ACTA Heim Bridge Replacement

:....:v:~~:: GEOTECHNOLOGY...~................ .,.........
Client: Earth Mechanics, Inc.~.*.... ... . r LABORATORY"".........r----- Job No: 06-123-03

EGL Project No: 09-23D-008A

GRAINSIZE
DISTRIBUTION CURVE

12/22109 (ASTM 0422) FIGURE



GRAVEL I SAND SILT OR CLAY
ICOARSE FINE COARS MEDIUM FINE

lJ.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER

3" 1-%" %11 3/B" #4 #10 #20 #40 #100 #200
~ 100

I I I I I
'\

t
I1\ 90

I ~- 80

Il-
I - - - t- 70o

I I
\m

S
60>-

I
rn
0:::
ill - - 50z

I
I

LL
I-
Z 40
ill

I
\

I
o
0:::

1\ill - 30D...

\ 20
"Is~I

I I I

10

I I~I~I
0

100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

SYMBOL
BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY

No. No. (FT) TYPE TYPE LIMIT INDEX

0 R-09-033 0-12-1 60 Ring SM N/A N/A

Project Name:

::;:;:::$<:;:;:;:;:; ENVIRONMENTAL
ACTA Heim Bridge Replacement

....~ .... GEOTECHNOLOGY~;:::.. ::::;;
Client:~...... . .,.

LABORATORY
Earth Mechanics, Inc."".......~---- Job No: 06-123-03

EGL Project No: 09-230-008A

GRAINSIZE
DISTRIBUTION CURVE

12/21/09 (ASTM 0422) FIGURE



GRAVEL I SAND SILT OR CLAY
ICOARSE FINE COARS MEDIUM FINE

II S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER

3" 1-%" %" 3/8" #4 #10 #20 #40 #100 #200
~ r' ~

I I
-j~11 ~ I II I

100

I - 90

I III
"~I

iD\ 80

f- I I ~I 70o

I I \m
S

60>-

~
-

I

n
OJ

II[(
ui 50z I

u::
f- ~z 40
ui

~l\o
[(
ui 30
0...

I
<,

- - ~- 20

- 10

I I I I I I I 0

100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

SYMBOL
BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY

No. No. (FT) TYPE TYPE LIMIT INDEX

D R-09-033 S-13-1 65 Bag CL 38 14

Project Name:

~e~
ENVIRONMENTAL

ACTA Heim Bridge Replacement

GEOTECHNOLOGY
Client: Earth Mechanics, Inc.~..... .,..

LABORATORY""........r........,..
Job No: 06-123-03

EGL Project No: 09-230-008A

GRAINSIZE
DISTRIBUTION CURVE

12/21/09 (ASTM 0422) FIGURE



GRAVEL I SAND I SILTOR CLAY
ICOARSE FINE COARS MEDIUM FINE

I1.S STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER

3" 1-%" 0/.," 3/8" #4 #10 #20 #40 #100 #200
~ 100

I
r-' r- r'

I t I It' I II I 90

I
1\

\
l-

I
1\1

- 80

-ן

1m:r: 70o

I I \ms
>-

I

- 60
OJ

~0::
W - i-I--- 50z

I I \u::
I-
Z 40w

I II
~

I
o
0:: Iw 300...

I I i\
20

I ~ I
I'Er-,

'-s
10

I I II 0
100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

SYMBOL
BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY

No. No. (FT) TYPE TYPE LIMIT INDEX

D R-09-033 S-17-2 90.6 Bag CL 33 11

Project Name:

.@;~. ENVIRONMENTAL
ACTA Heim Bridge Replacement

GEOTECHNOLOGY
Client:" ........ or .r LABORATORY

Earth Mechanics, Inc.
..*4....,...........

Job No: 06-123-03
EGL Project No: 09-230-008A

GRAINSIZE
DISTRIBUTION CURVE

12/21/09 (ASTM 0422) FIGURE



I GRAVEL SAND T SILT OR CLAYI COARSE I FINE COARSE MEDIUM I FINE I

i1.S STANDARD SiEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER

3" i-YEt :y.," 3/8" #4 #10 #20 #40 #60 #100 #200

100

----~ I I 1 90-- ~

~11\ 80- -

I

~

I- 1\I

~LL
-~ 70o

W
S 60>-

I~
co
a:
w 50z
u::
I-

40z
w

~0
a:

30w

'I I0...

20

"-t 10--

1 I 0
100 10 1 0.1 0.01

GRAIN SIZE (mm)

DEPTH SAMPLE SOIL LIQUID PLASTIC
SYMBOL BORING NO SAMPLE NO

(FT) TYPE TYPE LIMIT INDEX

D R-09-033 S-16 80 Bag SM N/A N/A

Project Name:;. ENVIRONMENTAL ACTA Heim Bridge Replacement

GEOTECHNOLOGY Client Job No.: 06-123-03

LABORATORY Client Name: Earth Mechanics, Inc.

EGL Project No: 09-230-008A

GRAIN SIZE
DISTRIBUTION CURVE

Dec-09 (ASTM 0422) FIGURE



I GRAVEL I SAND SILT OR CLAYI COARSE FINE I COARSE MEDIUM I FINE

II s ~TANDARD ~IEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER

3" 1-%" '%" 3/a " #4 #10 #20 #40 #60 #100 #200

I I hk~11 I I I

100

90-c-r-~

.....

\ +
80

l-
I 70(9 '\ I

I
iIi
S

60>-
\ill

0::: i\w 50Z

I
\LL

l- f\. 40z
w

\0
0:::
w 30CL

" -- 20

~

I I

10

0

100 10 1 0.1 0.01

GRAIN SIZE (mm)

DEPTH SAMPLE SOIL LIQUID PLASTIC
SYMBOL BORING NO SAMPLE NO

(FT) TYPE TYPE LIMIT INDEX

D R-09-033 S-19 100 Bag SM N/A N/A

Project Name:

ql» ENVIRONMENTAL ACTA Heim Bridge Replacement

GEOTECHNOLOGY Client Job No.: 06-123-03

LABORATORY Client Name: Earth Mechanics, Inc.

EGL Project No: 09-230-008A

GRAIN SIZE
DISTRIBUTION CURVE

Dec-09 (ASTM 0422) FIGURE



PROJECT NAME:

PROJECT NO.:

SUMMARY OF CORROSION TEST RESULTS

ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008A

06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 12/18/2009 Summarized By: RJ

Chloride Sulfate Minimum
pH Content Content Resistivity

BORING SAMPLE DEPTH CalTrans CalTrans CalTrans CalTrans
NO NO 643 422 417 643

(ft) (ppm) (% by weight) (ohm-ern)

R-09-033 U-03 15 8.40 605 0.018 630



SUMMARY OF LABORATORY TEST RESULTS
POCKET PENETROMETER

PROJECT NAME ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 12/22/2009 SUMMARIZED BY: JT

POCKET

BORING SAMPLE DEPTH PENETROMETER

NO NO (ft) Ton/ft*2 (TSF)

R-09-033 U-04 20 0.5

R-09-033 U-09 45 1.75



SUMMARY OF LABORATORY TEST RESULTS
SPECIFIC GRAVITY

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008A

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 12/22/2009 SUMMARIZED BY: JT

SPECIFIC

BORING SAMPLE DEPTH GRAVITY

NO NO (ft) ASTM

D 854

R-09-033 U-04 20 2.697

R-09-033 U-09 45 2.746
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o Peak
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o
o 1000 2000 3000 4000 5000 6000 7000 8000

NORMAL PRESSURE (PSF)

Boring No.:
Sample

Depth (ft)
Sample

Soil Type Symbol
Cohesion Friction

No. Type (PSF) Angle

R-09-033 0-07
0 286 34

35 Ring SP-SM
138 30D

Project Name:
ACTA Heim Bridge Replacement

Client: Earth Mechanics, Inc.

DIRECT SHEAR
(ASTM D3080)

Normal Initial Final
Stress Moisture Moisture
(psf) (%) (%)

2400 21.4 26.4
4000 21.4 25.8
8000 21.4 25.5

12/09

ENVIRONMENTAL

GEOTECHNOLOGY

LABORATORY Project No: 06-123-03

EGL Project No: 09-230-008

Fi ure
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COMPRESSIVE STRESS (KSF)

Symbol
Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void

No. No. (Ft.) Type Content (%) Density (PCF) Ratio

0 R-09-033 U-03 15.0 CL-ML 47.8 77.3 1.179

Project Name:
ACTA Heim Bridge Replacement

::::';:;;;::. ENVIRONMENTAL Client: Earth Mechanics, Inc.

@~) GEOTECHNOLOGY Job No: 06-123-03
~~~;r LABORATORY EGL Project No: 09-230-008A

I
CONSOLIDATION

12/09 (ASTM 02435) Figure
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Project Name: ACTA Heim Bridge

EGL project No: 09-230-008A

06-123-03

Earth Mechanics, Inc

Replacement

GEOTECHNOLOGY Project No:

LABORATORY

ENVIRONMENTAL Client:

Boring No: R-09-033

Sample No: U-03

Depth (ft): 15

Soil Type: CL-ML

Normal Stress: 1.0

TIME DEFORMATION CURVE

12/09 (ASTM 02435) Fiqure
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Project Name: ACTA Heim BridgeBoring No: R-09-033

Sample No: U-03

Depth (ft): 15

Soil Type: CL-ML

Normal Stress: 4.0 ksf

SQUARE ROOT OF TIME (MINUNTE)

ENVIRONMENTAL Client:

GEOTECHNOLOGY Project No:

LABORATORY

Replacement

Earth Mechanics, Inc

06-123-03

09-230-008A

TIME DEFORMATION CURVE

12/09 (ASTM 02435) Figure



-2

-1

0
~)I T[Lf1ATED

!~~~L1-L~~~ 1z ~0
~I- ~«

2 2 I'...
cr:

-l "-0 e....r-- ~~LL ........w r-.i'...0
I

........~~3 ...........r-- ~U '"
~ ).......

N~i'"r........ ~4
....;.~

---

5 - f-f---

6

0.1 1 10 100

COMPRESSIVE STRESS (KSF)

Symbol
Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void

No. No. (Ft.) Type Content (%) Density (PCF) Ratio

0 R-09-033 D-10-2 50.5 ML 27.1 95.7 0.761

Project Name:

ACTA Heim Bridge Replacement

::::'::'~:::::).:.:-. ENVIRONMENTAL Client: Earth Mechanics, Inc.

~~! GEOTECHNOLOGY Job No: 06-123-03
~i~; LABORATORY EGL Project No: 09-230-008A

I
CONSOLIDATION

12109 (ASTM 02435) Figure
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Depth (ft): 50.5

Soil Type: ML

Normal Stress: 4.0 ksf
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GEOTECHNOLOGY Project No:
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Earth Mechanics, Inc
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Boring Depth Sample Soil Sample Moisture Dry Effective Maximum Strain Initial

Content Density Confined Deviator Rate Saturation

No (ft) No Type Type (%) (pcf) Pressure (psi) Stress (psi) (in/min) (%)
R-09-

20 U-04 CH
Shelby

59.44 64.1 7.0 11.1 0.06 98.4
033 Tube
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ENVIRONMENTAL Project Address:

GEOTECHNOLOGY

LABORATORY Client:

ACTA Heim Bridge Replacement

Earth Mechanics, Inc.

Job No: 06-123-03

EGL Project No: 09-230-008A

UNCONSOLIDATED UNDRAINED
(ASTM 02850)

12/21/09 Figure



Project Name: ACTA Heim Bridge Replacement
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Project Name: ACTA Heim Bridge Replacement
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Boring Depth Sample Soil Sample Moisture Dry Effective Maximum Strain Initial

Content Density Confined Deviator Rate Saturation

No (ft) No Type Type (%) (pcf) Pressure (psi) Stress (psi) (in/rnin) (%)
R-09-

45 U-09 ML
Shelby

30.47 92.2 14.0 53.7 0.06 99.3
033 Tube
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Project Name: ACTA Heim Bridge Replacement

Boring: R-09-033 Sample 10: U-09 Depth (ft): 45
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Project Name: ACTA Heim Bridge Replacement

Boring: R-09-033 Sample 10: U-09 Depth (ft): 45
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AP Engineering & Testing, Inc.

MOISTURE AND DENSITY TEST RESULTS

Client Name: Earth Mechanics, Inc. Laboratory No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date: 11/17/09

Project Number: 06-123-03

Boring Sample Sample Moisture Dry Density
No. No. Depth (ft.) Content (%) (pet)

R-09-034 0-04 20 24.1 98.5

R-09-034 8-05 25 26.6 NA

R-09-034 8-07 35 33.5 NA

R-09-034 0-12 60 26.7 117.8

R-09-034 8-13 65 26.6 NA

R-09-034 0-16 80 21.1 98.3

R-09-034 8-18 100 34.9 NA

R-09-034 8-20 120 13.3 NA

R-09-034 8-22 150 14.6 NA



AP Engineering & Testing, Inc.

POCKET PENETROMETER DATA

Client Name:

Project Name:

Project Number:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

Laboratory No.:

Date:

29-1121

11/17/09

Boring
No.

R-09-034

R-09-034

R-09-034

Sample
No.

0-02

U-03

0-12

Depth
(feet)

10

16

60

Pocket
Penetrometer (tsf)

0.31

1.38

2.96



~~ - AP Engineering & Testing, Inc.

PERCENT PASSING NO. 200 SIEVE

Client Name: Earth Mechanics, Inc. Laboratory No.: 29-1121
Project Name: ACTA Heim Bridge Replacement Date: 11/17/09
Project Number: 06-123-03

Boring Sample Sample Percent Fines
No. No. Depth (ft) (%)

R-09-034 8-05 25 45.21
R-09-034 0-06 30 5.96
R-09-034 8-07 35 41.20
R-09-034 0-10 50 42.15
R-09-034 0-12 60 58.30
R-09-034 8-15 75 13.73

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:

Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

GRAVEL

COARSE FINE

I
SIEVE OPENING

SAND

ljOARSE I MEDIUM FINE

I I
SIEVE NUMBER

SILT OR CLAY

HYDROMETER

3" 21l1~" 111%11 %11%" #4 #8#10#16 #30 #50 #100 #200

100 -J~lnrr - ~

,~~ JI I
r-,

'&90

'\
~ '\

80
~~ I

I-
\ \

:r: ~ ~o 70

)0ill
~~s 1\>- ..... j{

m 60

II
~ 1\o

1\z

"Cf) 50 --
Cf)

~ \
,

<
0...
I- 1\z 40

I I 1\
ill ), \o
0:: \ill 300...

1

1 \20 ~ 1\
~II ~\~

10 ~-fOO:-.,~ .a:

I
--.:::J

O-rr
100 10 0.1 0.01 0.001

PARTICLE SIZE (mm)

Symbol Boring No. Sample Sample Percent Atterberg Limits Soil Type
No. Depth

Gravel Sand Fines
LL:PL:PI ASTM

(feet) D 2487

0 R-09-034 U-03 16 0.00 21.36 78.64 NIP ML

D R-09-034 S-18 100 9.40 77.23 13.37 N/A SM

6. R-09-034 S-22 150 36.20 51.38 12.42 N/A SM
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AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03

..::....:.~=-=--=-=---------

Tested By: _D_K _
Checked By: _A_P _

Date: 11/24/09
Date: 12/01/09

60 -r----,----,---,.....---,----.-----,---,-----;-----;----,

50 -I---t-----+----t-----I----I----I----f-----j---~'----____l

Cl

MH or CH

10 -I---t-----+----t--c;/''-----I-----I----l----+----j-----\-----I

10

CL-MI I

20 30

MlorOl

40 50 60

LIQUID LIMIT (ll)

70 80 90 100

PROCEDURE USED

D Wet Preparation

70 --r-------;--;--,--,--;---;----;----;----;--o

/-------\--+--+--+--1--+-+----

Dry Preparation

Procedure A

Multipoint Test

D Procedure 8

One-point Test

~ 65 -
....
c::
.l!l
c::
0 60 -o
e
.a
l/l
'0 55 -2:

50 -,

10

-.....

25

Number of Blows
100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

R-09-034 0-02 10 62 29 33 CH

R-09-034 U-03 16 NP NP NP

* NP denotes "non-plastic"



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03------------

Tested By: ..;..O..;..K-'-- _
Checked By: _A_P _

Date: 11/24/09
Date: 12/01/09

I V
--/

V

I
y V

I
CL

~
-:

___V
MH orCH

.-'4-=-
I CL-ML I .......... 1 TL orOL
I I

60

50

~ 40
><w
Cl
z
;: 30
I-
U
i=
~ 20
....I
a,

10

o
o 10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 90 100

,
I

I

I

I

I

PROCEDURE USED

D Wet Preparation

o Dry Preparation

o Procedure A
Multipoint Test

D Procedure B

One-point Test

40

:::<: 350

....
c:
.s
c:
0 30o
e
:l
ti
'0 252

20
10 25

Number of Blows
100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Symbol

R-09-034 S-07 35 NP NP NP

* NP denotes "non-plastic"



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03-=-=--=-==-=-.:....:..._-------

Tested By:
Checked By:

WJO

AP
Date: 01/06/10
Date: 01/08/10

60 -..----,----,----,---.....,-----r---,----,---,----,-------,

MH orOH

CL

~ 40 -I----j----+----+-----I----I---_+----+---:~~f__--+__--I
><
W
Cl
Z
;: 30 -I---+----t----t----j----I----J.,r---t------cf----t------j
l-
e::;
i=
~ 20 -I---+----t----t----j---A"""'I----I----t------'f----t----I
...J
a.

CL.ML I

10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 90 100

PROCEDURE USED

25 -I-------j--j--+--+--+---+-+_+-+--I

~ 35 -j-----+__-+---j-~f__-+---+-t-f_+-I

10025

Number of Blows

20 -l-------+--+--+----!--+---+--+--+-_+_I
10

....
I::

.El
I::

8 30 +-----t---t---t-----c--+--t--t-t-+-I
e
::s
ti
'0
::iE

D Procedure B
One-point Test

D Wet Preparation

o Dry Preparation

o Procedure A

Multipoint Test

Symbol Boring
Number

Sample
Number

Depth
(feet)

LL PL PI U.S.C.S
Symbol

R-09-034 0-12 60 NP NP NP

* NP denotes "non-plastic"



~'~r*8==- - AP Engineering & Testing, Inc.

SPECIFIC GRAVITY
ASTM 0854

AP Number: 29-1121

Client: Name: Earth Mechanics, Inc. Tested By: KM Date: 11/25/09

Project Name: ACTA Heim Bridge Replacement Data Input By: KM Date: 11/30/09

Project No. : 06-123-03 Checked By: . AP Date: 11/30/09

BORING NUMBER R-09-034

SAMPLE NUMBER U-03

DEPTH (FT) 16

SOIL CLASSIFICATION
Silt with

sand

METHOD (A OR B) B

FLASK NUMBER 1

WT. FLASK+WATER+SOIL, 9 388.13
TEMPERATURE,oC 20.0

CORRECTION FACTOR 1.0000

WT. DRY SOIL, 9 41.27

WT. FLASK + WATER, 9 249.36

% RETAINED #4 0.00

% PASSING #4 100.00

MATERIAL EXCLUDED None

SPECIFIC GRAVITY (GS,20'C ) I 2.72 II II II II II I

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318
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==~ - AP Engineering & Testing, Inc.

CORROSION TEST RESULTS

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date 11/16/09

Project No.: 06-123-03

Boring Sample Depth Soil Type Minimum pH Sulfate Content Chloride Content
No. No. (ft) Resistivitv (ohm-em) (ppm) (ppm)

R-09-034 0-02 10 CH 470 7.7 107 1281

R-09-034 S-07 35 SM 620 7.7 915 6316

NOTES: Resistivity Test and pH: California Test Methods 532 and 643

Sulfate Content California Test Method 417

Chloride Content: California Test Method 422

NO = Not Detectable

NA = Not Sufficient Sample

NR = Not Requested

2607 Pomona Boulevard, Pomona, CA 91768
Tel. (909) 869-6316 Fax. (909)869-6318



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST DATA
ASTM D 3080

Project Name:

Boring No.:

Sample No.:

ACTA Heim Bridge Replacement Tested By

R-09-034 Checked By

0-06 Depth (ft): 30

OK

AP

Date: 11/19/09

Date: 12/01/09

Description: Gray Poorly-Graded Sand w/silt

Sample Type: Cal. Mod.------------
Test Condition: Saturated

~-'-'------------

Sample Diameter (in) 2.415 Moisture Determination Before Test After Test

Sample Heiqht (in) 1.00 Cant. Weiqht (g) 179.16 104.26

Total Soil+Ring Weiqht(q) 586.70 Wet Soil+Cont. (g) 346.93 532.23

Total Ring Weight (g) 139.93 Dry Soil+Cont. (g) 314.13 439.98

Wet Density (pcf) 123.85 Moisture Content (%) 24.3 27.5

Dry Density (pcf) 99.64 Degree Saturation 94.8 100.6

METHOD OF SHEARING

[8] Regular Shearing

D Residual Shearing 5 Passes

Shear Rate (in/min):

Shear Distance (in):

0.005

0.3

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear Remarks

Number RingWt. (ksf) Reading (psf) Reading (psf)

1

2

3

196.74

194.81

195.15

47.59

46.29

46.05

2.0

4.0

6.0

1308

3012

4080

1236

2376

3840



~...~--- ------ AP Engineering & Testing, Inc.

DIRECT SHEAR TEST RESULTS
ASTM D 3080

Project Name:
Boring No.:
Sample No.:
Depth (ft):
Sample Type:
Soil Description:
Test Condition:

ACTA Heim Bridge Replacement
R-09-034
D-06
30
Cal. Mod.
Gray Poorly-Graded Sand w/silt
Saturated

Initial Dry Density:
Moisture Content (before):
Moisture Content (after):

99.6
24.3
27.5

pcf
%
%

CIl
CIl
E

+-'en 2.0 +----;::I't7lr-l---_+---_I_---t-----f----_+_---+-----J

0.1 0.2

Shear Deformation (inches)
0.3 0.4

II. Peak 0 Ultimate
4 +-_+-_+_-+-_+--+--+-_+--+---t---I--_I_-;"'~'_+-_I_-I____+-_I_-I

/1 '
3 -1--+-_1_-1____+-+---1'--_+-_~If---:.,..,....~

./1/
I---f--_I_-I____+--+--II----b"-.~::----+--+---+--+--+--+--f--+---+--IVy 0

2 -1--j--t---j--t---If--~-A,;/-t-I----+--+---+-+--+--+---f---I---II----1

~ I

-~
tn
Ul
III...

+-'
(J)...
m
III

J::
(J)

1 - ~_+--+--j--_+--t--I---_+_--I-___t-_j--+____t---+--+____t
#A,

2 3 4 5 6 7 8 9

Normal Stress (ksf)

Peak Ultimate

50 0
34 0 33 0

~

A0, .

o

Strength Parameters

Cohesion (psf):
Friction Angle:



AP Engineering & Testing, Inc.

DIRECT SHEAR TEST DATA
ASTM D 3080

Project Name: ACTA Heim Bridge Replacement Tested By

Boring No.: R-09-034 Checked By

Sample No.: D-08 Depth (ft): 40

Description: Gray Silty Sand

Sample Type: Cal. Mod.------------
Test Condition: Saturated

"';;"';'--'--~--'----------

DK
AP

Date: 11/19/09

Date: 12/01/09

Sample Diameter (in) 2.415 Moisture Determination Before Test After Test

Sample Heiqht (in) 1.00 Cont. Weiqht (q) 50.44 104.78

Total Soil+Ring Weight(g) 576.23 Wet Soil+Cont. (g) 201.97 530.31

Total Ring Weight (g) 133.93 Dry Soil+Cont. (g) 166.82 431.86

Wet Density (pcf) 122.61 Moisture Content (%) 30.2 30.1

Dry Density (pcf) 94.17 Degree Saturation 98.8 100.6

METHOD OF SHEARING

[KI Regular Shearing

D Residual Shearing 5 Passes

Shear Rate (in/min):

Shear Distance (in):

0.005

0.3

Sample Sample + Ring Wt. Normal Load Max. Shear Ultimate Shear
Remarks

Number Ring Wt. (ksf) Reading (psf) Reading (psf)

1

2

3

192.96

193.96

189.31

43.62

46.65

43.66

2.0

4.0

8.0

1392

2868

5184

1236

2448

4800



/tt...~
-~-~"'~- AP Engineering & Testing, Inc.

DIRECT SHEAR TEST RESULTS
ASTM D 3080

40
D-08

Cal. Mod.

pcf
%
%

94.2
30.2
30.1

Initial Dry Density:
Moisture Content (before):
Moisture Content (after):

Gray Silty Sand
Saturated

ACTA Heim Bridge Replacement
R-09-034

Project Name:
Boring No.:
Sample No.:
Depth (ft):
Sample Type:
Soil Description: ....=....:~...=..:.:~::...:.:.:..:.::.... _

Test Condition:

6.0 ,--------;-------,----,----,------;-----,---,..------,

.;:- ,."ceP'-
~ 4.0 +-----1~'>,f<F----+----+-----+----f-----1-----I-----l
- 0""

1.0 -J{<>--~-·--+----f----+----+__--_1_---+---__+----1
{E.g;

0.0 ~-----!----+----....L----j------L----+----..L------!

o 0.1 0.2
Shear Deformation (inches)

0.3 0.4

J I_ Peak 0 Ultimate I
5 +-+--+--f--I--+--+--+--+-+-~__t___t-f--1____::_},I£Arj--f-.---!--l---f__+--f---1

YI..P
1--+--+--+--1-+--+--+-+--1-+-+--+-

1

~-+;~

(jj 4 - V +--+----!--!---+--+----!--!---+--I
~ ~ /
-; V -/-=+--_1_--1---1-+--_1_--1---1-+---1---1--1---1

l/) 1//
~ 3 -I-+--+--+--f-t---+--+--y;;;k-A"ii~"""-

m l/' ~~I--1--+--f--f---+---+--+--+--+--+-+-+--I----!--1
t5 2 -1--+-_+_--+-+--

1

--+1/-"'1"-,7'"

1-+--+--I--,..,...;/;-!-"'::;";-+-t---+--I--+-t---I--I--e--I---I---1---+--I--.-j--+---1--+---1

1 •~dY~l----1--+--+--+--I--I--+--I---I--f--+-!---l---f--1---!--I--I---I--1.vr¥
o -, . , . , .

o 2 3 4 5 6 7

Normal Stress (ksf)

8 9 10 11 12

Strength Parameters

Cohesion (psf):
Friction Angle:

Peak

100
33 0

Ultimate

50
31 0
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AP Engineering & Testing, Inc.

UNCONSOLIDATED UNDRAINED TRIAXIAL TEST (UU,Q)
ASTM D 2850

Client Name: Earth Mechanics, Inc. Tested By: KK Date: 11/17/09

Project Name: ACTA Heim Bridge Replacement Checked by: AP Date: 12/02/09

Project No.: 06-123-03

Boring No.: R-09-034

Sample No.: U-03 Depth (feet): 16

Soil Description Gray Silt with sand Sample Type: Shelby

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 117.9

Sample Hieght (inch): 5.9 Dry Unit Weight (pcf): 87.7

Sample Weight (gms): 1182.02 Moisture Content (%): 34.4

Wt. Wet Soil+Container(gms) 1373.35 Void Ratio for Gs=2.7: 0.92

Wt. Dry Soil+Container(gms) 1071.47 % Saturation: 100.9

Wt. Container (gms) 194.37

TEST DATA
Deviator Axial

Cell Pressure (ksf): 0.72 Load Def. Area Stress Strain

Back Pressure (ksf): 0.0 (Ibs) (inch) (sq.in) (ksf) (%)

Eff. Confining Pressure (ksf): 0.72 0 0.000 6.49 0.00 0.00

Shear Rate (%/min): 0.3 4 0.005 6.50 0.09 0.09

Maximum Deviator Stress (ksf): 1.5 8 0.010 6.50 0.18 0.17

Ultimate Deviator Stress (ksf): 1.4 9 0.020 6.51 0.20 0.34

Ultimate Undrained Shear Strength (ksf): 0.7 11 0.025 6.52 0.24 0.43

Axial Strain @ Maximum Stress (%) 17.01 12 0.030 6.53 0.26 0.51

14 0.060 6.56 0.31 1.02

2.0 21 0.090 6.59 0.46 1.53

26 0.120 6.63 0.56 2.04

31 0.150 6.66 0.67 2.55

36 0.200 6.72 0.77 3.40

1.5 38 0.250 6.78 0.81 4.25

V
~ 41 0.300 6.84 0.86 5.10

(j:"
Ul 44 0.350 6.90 0.92 5.95..loI:

Ul 46 0.400 6.97 0.95 6.80
Ul ,.CIl... 48 0.450 7.03 0.98 7.65en 1.0

~0 52 0.500 7.10 1.06 8.50- (
l\l

54 0.550 7.16 1.09 9.35's
CIl
Cl 57 0.600 7.23 1.14 10.20

0.5
61 0.650 7.30 1.20 11.05

V 63 0.700 7.37 1.23 11.90

66 0.750 7.44 1.28 12.76

68 0.800 7.51 1.30 13.61
~ 74 0.850 7.59 1.40 14.46

0.0
0 5 10 15 20 76 0.900 7.67 1.43 15.31

Axial Strain (%) 79 0.950 7.74 1.47 16.16

80 1.000 7.82 1.47 17.01



SUMMARY OF LABORATORY TEST RESULTS

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc

DATE: 11/23/2009 SUMMARIZED BY: JT

*LL,PL,PI =Liquid Limit, Plastic Limit, Plasticity Index

MOISTURE DRY %PASSING ATTERBERG
CONTENT DENSITY #200 LIMIT

BORING SAMPLE DEPTH ASTM ASTM ASTM ASTM
No. No. (ft) D2216 D2937 D1140 D4318

(%) (PCF) (%) (LL,PL,PI)*
R-09-035 S-01 5.0 25.4 9.3
R-09-035 D-02 10.0 38,29,10
R-09-035 U-03 15.0 28,23,5
R-09-035 D-04 20.0 43.1 80.0
R-09-035 D-06 30.0 33.3 90.2 24,22,2
R-09-035 S-07 35.0 48.8
R-09-035 D-08 40.0 31.1 92.7
R-09-035 S-09 45.0 39.7
R-09-035 U-10 50.0 NP
R-09-035 S-11 55.0 33.4 37.0
R-09-035 D-12 60.0 21.9 105.4
R-09-035 S-13 65.0 19.9
R-09-035 D-14 70.0 27.0 98.7

..



PROJECT NAME:

PROJECT NO.:

SUMMARY OF CORROSION TEST RESULTS

ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008

06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 11/30/2009 Summarized By: RJ

Chloride Sulfate Minimum
pH Content Content Resistivity

BORING SAMPLE DEPTH CalTrans CalTrans CalTrans CalTrans
NO NO 643 422 417 643

(ft) (ppm) (% by weight) (ohm-em)

R-09-035 0-02 10 7.88 465 0.051 610
R-09-035 S-09 45 8.65 2215 0.056 230



SUMMARY OF LABORATORY TEST RESULTS
SPECIFIC GRAVITY

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 12/1/2009 SUMMARIZED BY: JT

SPECIFIC
BORING SAMPLE DEPTH GRAVITY

NO NO (ft) ASTM
D 854

R-09-035 U-03 15 2.763
R-09-035 U-10 50 2.742
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Project Name:
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:::::::~lliiJ: ENVIRONMENTAL
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Job No: 06-123-03

EGL Project No: 09-230-008
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Boring Depth Sample Soil Sample Moisture Dry Effective Maximum Strain Initial

Content Density Confmed Deviator Rate Saturation

No (ft) No Type Type (%) (pcf) Pressure (psi) Stress (psi) (in/min) (%)

R-09-
15 U-03 ML

Shelby
41.01 80.0 5.0 8.5 0.06 100.0

035 Tube

.... ENVIRONMENTAL Project Address: ACTA Heim Bridge Replacement

i~:. GEOTECHNOLOGY
';~1' LABORATORY Client: Earth Mechanics, Inc.

Job No: 06-123-03

EGL Project No: 09-230-008

UNCONSOLIDATED UNDRAINED
(ASTM 02850)

11/29/09 Figure



Project Name: ACTA Heim Bridge Replacement

Boring: R-09-035 Sample 10: U-03 Depth (ft): 15
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Project Name: ACTA Heim Bridge Replacement

Boring: R-09-035 Sample ID: U-03 Depth (ft): 15
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Content Density Confined Deviator Rate Saturation

No (ft) No Type Type (%) (pcf) Pressure (psi) Stress (psi) (in/min) (%)
R-09-

50 V-lO ML
Shelby

22.25 106.6 14.0 62.1 0.06 103.5
035 Tube

'. ENVIRONMENTAL Project Address: ACTA Heim Bridge Replacement

GEOTECHNOLOGY

LABORATORY Client: Earth Mechanics, Inc.

Job No: 06-123-03

EGL Project No: 09-230-008
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(ASTM 02850)

11/29/09 Figure



Project Name: ACTA Heim Bridge Replacement

Boring: R-09-035 Sample 10: U-10 Depth (ft): 50
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Project Name: ACTA Heim Bridge Replacement

Boring: R-09-035 Sample ID: U-10 Depth (ft): 50
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Sample No: 0-02 Replacement

Depth (ft): 10 @. ENVIRONMENTAL Client: Earth Mechanics, Inc

Soil Type: ML GEOTECHNOLOGY Project No: 06-123-03
~i5P'

LABORATORY
Normal Stress: 4.0 ksf EGL Project No: 09-230-008

TIME DEFORMATION CURVE

12/09 (ASTM 02435) Figure
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0 R-09-035 U-03 15.0 ML 40.8 78.1 1.157

Project Name:
ACTA Heim Bridge Replacement
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12/09 (ASTM 02435) Figure
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Project Name:
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TABLE! SUMMARY OF LABORATORY TEST RESULTS

Project No. : 06-123-3 Project Name: ACTA Schuyler Heim Bridge Project

Soil-
Soil-

Soil
Moisture Soil- Moisture

Sample
Identification

Content
Total Unit Grain Size Sand Atterberg

Minimum Soil-pH CT-
Soluble

Free
Boring No. Sample Depth (group symbol) Weight ASTM

Pocket
Torvane Shear Distribution Equivalent Limits ASTM Sulfate

No. ASTM Penetrometer Resisivity 532 Chloride
ASTM

02216
02937 GR:SA:FI (CT-217) D4318

CT-S32
Content

Content
D2488/D2487 CT-417

CT-422

(ft) ( 'x. ) (pel) (tsf) (Kg/cm2) ('11,,) (LL/PLlPI) (ohm-em) (ppm) (ppm)

A-09-o55 S-1 5 SP-SM 23.1 37:52:11

A-09-o55 0-2 10 0 2100 7.7 50 380

A-09-055 S-3 15 SP 24.3 0:99:1

A-09-055 0-4 20 SP-SM 21.8 122.9

A-09-055 S-5 25 SP 24.9 0:96:4

A-OB-055 S-7-2 35.5 CL 36.6

A-09-055 S-9 45 CH 31.3 0:6:94 59129130

A-09-o55 0-10 50 CL 1.0

A-09-o55 S-11 55 ML 33.0 0:6:94 32127/5

A-09-o55 0-12 60 ML 2.0 22/2012

A-09·056 S-1 5 SM 13:46:41 670 7.8 580 514

A-09-o56 0-2 10 ML <0.25 49/32/17

A-OB-056 S-3 15 CL 44.9 0:13:87 41125116
::, A-oB-056 0-4 20 'S.M (\.'. N.P.
/

A-OB-056 S-5 25 SP-SM 29.4 0:B3:7
A-09-o58 S-1 5 SP 0:96:4 9300 8.6 30 248

A-OB-058 S-3 15 CH 65.2 0:1:99 93134/59
A-09-058 S-5 25 CL 34.2 0:7:93 47124/23
A-09-058 0-6 30 ML 0.5
A-09-058 S-7 35 ML 23.9 N.P.
A-OB-058 o-e 40 ML 1.5 0:26:74
A-09-o58 S-9 45 SM 29.5
A-09-058 0-10 50 SC-SM 0:72:28
A-09-o59 S-1 5 SM 3:81 :16 1300 8.1 380 542
A-09-o59 8-3 15 MH 47.0 0:17:83 98/49149
A-OB-059 S-6 30 MH 37.2 0:4:96 50130120
A-09-059 SoB 40 SM 28.2 1:72:27 N.P.
A-09-059 0-9 45 CL 0.5 0:6:94 40/24/16
A-09-o59 S-10 50 ML 37.3 0:31 :69



ATTERBERG LIMITS
ASTM 0·4318·841 CT-204

Project Name' ACTA/Schuyler Heim Bridge Project061233Project No' - -

Boring Number: A-09-056 Depth (ftIm): 10 ft 3m 1
Sample Number: 0-2 Description: ML

Prepared By: PA Date: Checked By: R.J. Date:
Pulverized By: PA Date: Container Number

Tested By: PA Date: Air: G-2
Computed By: JF Date: Field:

Plastic Limit
Trial Number

Field Moisture 1 2 3 4 1 2

Number of Blow ---- 31 24 17 10 ----Can Number 13 14 15 16 17 18

WI. Wet Soil +Can (gm) 43.87 41.20 39.38 40.44 34.01 33.00

WI. Dry Soil +Can (gm) 38.74 35.31 34.14 34.57 31.93 30.96

Weight of Can (gm) 28.05 23.43 23.88 23.56 25.46 24.55
Water Content (%) 48.0 49.6 51.1 53.3 32.1 31.8

I Liquid Limit (LL, %): 49 II Plastic Limit (PL, %): 32 II Plastic Index (PI, %): 17 I

1>-00.. i , ,

--..........
~ ,

~
~

,

~
,

54.0

~ 53.0

1:: 52.0
2
c 51.0a
U 50.0
l!:!
.a 49.0en

~ 48.0

47.0
10 20

Number of Blow

25 30 40 50 60 70 80 90 100

Remark:

Boring Number: A-09-056 Depth (ftIm): 15 ft 4.5m . 1
Sample Number: S~3 Description: CL ..

Prepared By: PA
'.. Date: ":", :.. Checked By: R.J. Date:

Pulverized By: PA Date: Container Number

Tested By: PA Date:
...... :

Air: G-9

Computed By: JF Date: <>.
Field:

'.

Trial Number
Plastic Limit

Field Moisture 1 2 3 4 1 2
Number of Blow ---- ..

23 17 11 ---30

Can Number 31 .... 32 33. '34 35 36
.,

WI. Wet Soil +Can (gm) ; 41.51 38.51 37.85 38.97 29.60 . 31.26

36.06
..

WI. Dry Soil +Can (gm) 33.78 32.96 33.93 27.91 29.60
Weight of Can (gm) 22.27 22.31 21.37 22.47 21.14 22.94
Water Content (%) 39.5 41.2 42.2 44.0 25.0 24.9

I Liquid Limit (LL, % ) 41 II Plastic Limit PL,%) 25 II Plastic Index (PI,%) 16 I

i ;
,

--.......... ,,

~
~ o

, ........
I'--....

~
70 an nn 100flO

Number of Blow

?~ ~O 40?O

40.0

39.0
10

45.0

~ 44.0

~ 43.0
C
8 42.0

~ 41.0
1il
'0
:2

Remark:



ATTERBERG LIMITS
ASTM0·4318·84/ CT-204

Project Name' ACTA/Schuyler Heim Bridge Project061233Project No' - -

Boring Number: A-09-056 Depth (film): 20 3m 1
Sample Number: 0-4 Description: SM

Prepared By: PA Date: Checked By: R.J. Date:

Pulverized By: PA Date: Container Number

Tested By: PA Date: Air: G-2
Computed By: JF Date: NO PLASTIC Field:

Trial Number
Plastic Limit

Field Moisture 1 2 3 4 1 2

Number of Blow ---- ----Can Number

WI. Wet Soil +Can (gm)

WI. Dry Soil +Can (gm)

Weight of Can (gm) -.

Water Content (%)

I Liquid Limit (ll, %): II Plastic Limit (Pl, %): II Plastic Index (PI, %): I

.......
~ , ,

............... ,,

~ ,

...............,
~

54.0

';:F. 53.0

C 52.0
OJ
C 51.0a
U 50.0
l!:.a 49.0
UJ
'0:2 48.0

47.0
10 20

Number of Blow

25 30 40 50 60 70 80 90 100

Remark:

Boring Number: A-09-054·· Depth (film): 45 4.5m I 1

Sample Number: 8-9 Description: Ml ,

Prepared By: PA
'"

Date: Checked By: R.J. Date: .,
"

Pulverized By: PA Date: Container Number

Tested By: PA Date: Air: G-9

Computed By: JF Date: NO PLASTIC Field: :

Trial Number
Plastic Limit

Field Moisture 1 2 3 4 1 2
Number of Blow --- ., .' --Can Number

"..... ; . ,

WI. Wet Soil +Can (gm)

WI. Dry Soil +Can (gm)

Weight of Can (gm)
...

Water Content (%)

I Liquid Limit [Ll., %): II Plastic Limit (Pl, %): II Plastic Index (PI, %): I

~ ,

~
~ ,

.........
'- -:

7n an nn 100finfin

Number of Blow

?fi ~n 4n?n

40.0

39.0
in

45.0

~ 44.0
C
OJ 43.0
C
8 42.0

~ 41.0.a
UJ
'0
:2

Remark:



Amount of Material in Soil Finer Than No. 200 Sieve
(ASTM D-1140-97)

Project No. : 06-123-3 Project Name: ACTA/Schuyler Heim Bridge Project

Boring No. : A-09-056 Prepared By: PA Date: Percentage of Maximum

Sample No. : S-1 Washed By: PA Date: Gravel Sand Fine Size

Depth (ft) : 5.0 I Tested By: PA Date: 13 46 41
3/8"

Depth (m) : 1.53 I Checked By: Date:

Description : Olive, SILTY SAND (SM)
Sample

Retained On

X IMethod (A) - Soaked by Water No. 200 No.4

IMethod (B) - Soaked by DefloeeuJating Agent (Minimum 2 Hours) Tested I Moisture Sieve

Container Number S-5 S-5 S-5 S-5

Wet Weight of Soil + Container (gm) 308.92 308.92

Dry Weight of Soil + Container (gm) - 282.16 214.06

Weight of Container (gm) 117.80 117.8 117.8

Weight of Dry Soil (gm) 164.36 164.36 96.26 22.15

Moisture Content (%) 16.28

(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 41.43 13.48

Remark : 1

Boring No. : A-09-056 Prepared By : PA Date: Percentage of Maximum

Sample No. : S-5 Washed By : PA Date: Gravel Sand Fine Size

Depth (ft) : 25.0 I Tested By : PA Date: 0 93
..

7 #30

Depth (m) : I Checked By: Date:

Description : Olive-gray, Poorly graded SAND with SILT (SP-SM) Retained On

\Method (A) - Soaked by Water
Sample

No. 200 No.4

IMethod (B) - Soaked by DefloeeuJating Agent (Minimum 2 Hours) Tested Moisture Sieve

Container Number
8-6 ·8-8 ti1IiII

Wet Weight of Soil+ Container (gm) 365.39 365.39
_ 308.86 295.04Dry Weight of Soil+ Container (gm)

116.77116.77 116.77Weight of Container (gm)

Weight of Dry Soil (gm) ~o.oo
Moisture Content (%) 29.43 ..
(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 7.19 0.00

Remark: 2

Boring No. : A-09-058 Prepared By: PA I Date: Percentage of Maximum

Sample No. : S-1 Washed By: PA Date: Gravel Sand Fine Size

Depth (ft) : 25.0 I Tested By : PA Date: 0 96 4
#10

Depth (m) : 7.63 I Checked By: Date:

Description : Olive-gray, Poorly graded SAND (SP)
Sample

Retained On

~Method (A) - Soaked by Water No. 200 No.4

[Method (B) - Soaked by Defloeeulatiug Agent (Minimum 2 Hours) Tested I Moisture Sieve

Container Number S-8 S-8 S-8 8-8

Wet Weight of Soil+ Container (gm)

~
358.92

Dry Weight of Soil + Container (gm) 351.07 341.94

Weight of Container (gm) 118.29 118.29 118.29

Weight of Dry Soil (gm) ~223.65 0.00

Moisture Content(%) 3.37 1.1I ~
(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 3.92 0.00

Remark: 3



REGULAR HYDROMETER TEST
ASTM D-422-63 (Reapproved 1990) / CT - 203

1 - 1

Project Name : ACTA/Schuyler Heim Bridge Project

Project No. : 06-123-3 Tested Standard: D ASTM 0 CAL-TRANS.

Boring No. : A-09-056 Prepared By : PA Date:

Sample No. : S-3 Tested By : PA Date:

Depth below Declo: 15.0 I Sieved By : RJ Date:

Description : darkoiive-gray, Lean CLA Y (CL) Calculated By : JF Date: 12/07/09

Deflocculant 125cc oj 4% Sodium Hexmnetnphosplune Solution Checked By: R.J. Date:

Sample for Hydrometer should passing (No.1 0 -ASTM) & (No.4 -Cal. Trtm.), 65 gin for fine& 115 gillJar Sand. 1

Setup Container No. : S-15 Sample Before Washing After Washing Specific Gravity

Test Cylinder No. : 3 No.8 & 10 Retained Hydrometer Retained Hydrometer 2.70

Computer File No. :1 Tested Moisture Tested Moisture No.4& 10 Sample Correction factor

Container No. S-11 S-15 34 S-21 for difference S.G.

Wt, of Wet Soil + Container (gm) 228.27 76.25 154.19~- 0.99

Wt. of Dry Soil + Container (gm) •...\' ..............•;. 153.31 128.30 Hydrometer Type<
Wt, of Container (gm) ·\i······i •.··•· ••

i 57.35 114.62 152H

we of Dry Soil (gm) 226.20 ..........• 75.56 •·....·.·i.>.••.•.. 13.68 (K) Value Temp. DC

Moisture Content (°1.1)
......................... ..;

0.92 0.01328 21.0.0· .

U.S. Sieve Cumulative Wt. Wt.ofDry 'Yil Finer Liquid U.S. Sieve Cumulative Weight Wt.ofDry %1 Finer 'X,Total
Size ofDry Soil (gm) Soil(gm) Than Limit Size ofDry Soil(gm) Soil(gm) Than Sample

2.5"
41

No.16 0.02 99.97 99.97

2.0" No. 20

1.5" Plastic No.30 0.04 99.95 99.95

1.0" Limit No.40

3/4" 25
No. 50 0.10 99.87 99.87

112" No. 60

3/8" Plastic No.IOO 0.92 98.78 98.78

No.4 0.00 100.00 Index No. 140

No.8 0.00 100.00
16

No. 200 9.84 86.98 86.98
......No.IO Pan

Obersved EL. Temp. Hydrometer Reading IOORa 'X, Total Grain
Correction Coefficient

Correction

Time Time (min.) ( oc)
Composite Correction --- Sample Diameter Dia.(mm)

•• ··,;.c (T)
Orginal

Correction (R)
...·.·.,u;UJ W (mm) (K) (L) (D)

0:00:00 '.,. 5.0 ....... .............. .....• .. '. . ...., ~14:06 ......, .............. .... .... ,.
2 21.0 52.0 5.0 47.0 61.58 61.58 0.05500 0.01328 8.6 0.02752

5 21.0 46.0 5.0 41.0 53.72 53.72 0.03500 0.01328 9.6 0.01838

15 21.0 37.0 5.0 32.0 41.93 41.93 0.02000 0.01328 11.0 0.01140

30 22.0 31.0 5.0 26.0 34.07 34.07 0.01400 0.01328 12.0 0.00841

60 23.0 27.0 5.0 22.0 28.83 28.83 0.01000 0.01328 12.7 0.00611

120 23.0 24.0 5.0 19.0 24.90 24.90 0.00700 0.01328 13.2 0.00440

240 23.5 21.0 5.0 16.0 20.96 20.96 0.00500 0.01328 13.7 0.00311

1440 21.5 17.0 5.0 12.0 15.72 15.72 0.00100 0.01328 14.3 0.00132

I
Cu: Gravel Sand Fine

Remark:
13Cc: 0 87



I II us Standard Sieve Sizes Hydrometer Analysis

6" 5" 4" 3" 2.5"2" 1.5" 1" 3/4 1/2" 3IB" #4 1181110 1116 1120 1130 #40 11501/60 11100 #200
.. ~ .

100.0 -- <,
90.0

'\
80.0

\
::::;:70.0

'\ ~....
fn
'0;60.0 -, ::::...

., CQ

50.0 --

\
~
c
~....
c40.0 .

"
..........

ll.o
30.0 <.20.0

10.0

0.0

1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)

I Gravel Sand I Silt or ClayCobbles I Coarse I Fine Coarse I •Medium I Fine I

Symbol
Boring Sample Depth

Soil Color Soil Description U.S.C.S.
Number Number (ft).. A-09-056 8-3 ===t==j-

darkolive-gray Leanclay CL

----_ ..._,.-

=1= I
I
I

Remark 0.00

.",.IJ~}'j Earth Mechanics, Inc. ACTA/Schuyler Heim Bridge Project GRAIN SIZE ANALYSIS
'~)\if~~~l' Geotechnienl nnd Earthquake Engineering (ASTM D-422-63)

Project No. : 06-123-3 I Date: 12107109 Figure No.:



ONE-DIMENSIONAL CONSOLIDATION OF SOIL
ASTM D-2435 I CT-219

Device No. : 2

1

Date: 12/3/2009
Date : 12/3/09-12/13/09
Date: 12/6/09,12/8/09
Date: 12/9/2009
Date: 1

J.F
J.F/R.J.

J.F
JF

R.J.

Set up By : __-=..:.:. _

Tested By: _---=.:.:...:..:...:.:..::-'--_

Time Rate Took By :__--=..:-'--__

Computer By :__----=.'--__

Checked By :__--=-.::=.:-__

13.05

: A-09-056

: ACTAISchuylerHeim Bridge Project
: 06-123-3

: 0-2
: 10.0

Project Name
Project No.
Boring No.
Sample No.
Depth (ttl m)
File No.
Soil Description: Dark gray, SILT (ML)
Method ( A ) [2J Constantload inorementduralionof 24 hoursor mullipiesthere for. Miniumof twoTime -defomnalion readingare required.

Method ( B ) DTime-defomnalion readingare requiredon aHloadinorements. Successiveload incrementsare appliedafter iDD% primary
oonsoHdalion is reached,or at constantlime inorements are describedin Test Method( A )

Sample (inch) (mm) Vertical Load ( ksf) (kPa) Vertical Load ( ksf) (kPa)

Internal Diameter 2.42 61.47 Add Water at 0.50 23.94 Reload to
Height ( Intial) 1.00 25.40 Load to 16.00 766.08 Rebound to
Height ( Final) 0.8455 21.48 Rebound to 0.25 11.97 Time rate taking at 1.00 47.70

Date Time
Elapsed Load Dial Reading Consol. Before After

Time [rnln.] ( ksf) (kPa) (in) (mm) (% ) Weight of wet soil + ring ( gm ) 172.47

12/3/2009 15:04 0:00:00
••• .' 0.04410 1.12 Weight of ring ( gm ) 44.21

\t ~,f.·i ,
Weight of wet soil + ring + container ( gm ) 220.58

15:14 \ 1\ "'I.
,.......

0.05000 1.27 0.00 Weight of dry soil + ring + container ( gm ) 186.69
No. 93 I Weight of container ( gm ) 58.81

1214/2009 8:10 0:00:00 0.25 12.0 0.06350 1.61 1.35 Weight of ring + container ( gm ) 103.02
Moisture Content ( % ) 53.29 40.50

1215/2009 9:44 0:00:00 0.50 23.9 0.06960 1.77 1.96 Dial Reading ( inch) 0.05 0.04
Add Wate Sample Volume (ft3) 0.0027 0.0023

1216/2009 8:40 0:00:00 0.50 23.9 0.06840 1.74 1.B4 SQRT Wet Density ( pcf ) 106.2 115.2
", Time Dry Density ( pcf) 69.30 81.96

1216/2009 8:43 0:00:00 1.00 47.9 0.06840 1.74 1.84 0.00 Date Time Elapsed Load Dial Reading Consol.
0.10 1.0 47.9 0.06990 1.78 1.99 0.32 Time (min.) (ksf) (kPa) (in) (mm) (%)

.. 0.25 1.0 47.9 0.07050 1.79 2.05 0.50 12110/2009 8:22 8.00 383.0 0.2173 5.52 16.73

0.50 1.0 47.9 0.0711 1.81 2.11 0.71

1 1.0 47.9 0.07200 1.83 2.20 1.00 12/11/2009 8:23 16.00 766.1 0.2688 6.83 21.88
.:..,. 2 1.0 47.9 0.07310 1.86 2.31 1.41 , . "

4 1.0 47.9 0.07420 1.88 2.42 2.00 1211212009 8:40 2.00 95.8 0.2437 6.19 19.37
8 1.0 47.9 0.07530 1.91 2.53 2.83

15 1.0 47.9 0.07610 1.93 2.61 3.87 12113/2009 9:15 0.25 12.0 0.1986 5.04 14.86
30 1.0 47.9 0.07680 1.95 2.68 5.48

....
60 1.0 47.9 0.07750 1.97 2.75 7.75

120 1.0 .' 47.9 0.07820 1.99 2.82 10.95

240 1.0 47.9 0.07890 2.00 2.B9 15.49 , .,
': .: 480 1.0 47.9 0.07960 2.02 2.96 21.91

1217/2009 1440 1.0 47.9 0.08050 2.04 3.05 37.95

1218/2009 8:28 0 2.0 95.B 0.11390 2.89 6.39

1218/2009 8:29 0 4.0 191.5 0.1139 2.89 6.39

0.10 4.0 191.5 0.1200 3.05 7.00

0.25 4.0 191.5 0.1217 3.09 7.17

0.50 4.0 191.5 0.1248 3.17 7.48

1 4.0 191.5 0.1267 3.22 7.67

2 4.0 191.5 0.1312 3.33 B.12

4 4.0 191.5 0.1355 3.44 B.55

8 4.0 191.5 0.1403 3.56 9.03

15 4.0 191.5 0.1446 3.67 9.46

30 4.0 191.5 0.1472 3.74 9.72

60 4.0 191.5 0.1495 3.80 9.95

120 4.0 191.5 0.1518 3.B6 10.18

240 4.0 191.5 0.1545 3.92 10.45

480 4.0 191.5 0.1575 4.00 10.75

12109109 1440 4.0 191.5 0.1594 4.05 10.94

Remark Final Dial Reading 0.1986
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Compressive Stress in (ksf)

¥tBoring No. : A-09-056 Liqnid Limit: I - Moisture Dry Density Percent Void

Sample No. : 0-2 Plastic Limit: - Content(%) (pcl) (kN/mJ
) Saturation Ratio

I (ft) : 10.0 I 11.5 Plastic Index: - 53.29 69.30 10.91 100.45 1.43
Depth

3.05 I 3.51 Specific Gravity: I Final I 40.50 103.50 1.06I (m) : 2.70 81.96 12.90

Description : Dark gray, SILT (ML)

Earth Mechanics, Inc. ACTA/Schuyler Heim Bridge Project
Geotechnical und Eurthquuke Engineering

CONSOLIDATION TEST
06-123-3 12/09/09Project No. :

(ASTM D-2435 / CT-219)
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One-Dimensional Consolidation of Soil
Time-Deformation Curve (Log of Time Method)
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ONE-DIMENSIONAL CONSOLIDATION OF SOIL
ASTM D-2435/ CT-219

Device No. : 2

1

Date : 1213/2009
Date : 1213/09-12113/09
Date: 1216/09,1218/09
Date: 1219/2009
Date: -'

J.F
J.F/R.J.

J.F
JF

R.J.

Set up By:
---:-::::-:=--:---

Tested By:
----:-::----

Time Rate Took By :__----::=--__

Computer By :__-=-:-__
Checked By : _

16.10

: 0-4
: A-09-056

: ACTNSchuyler Heim Bridge Project
: 06-123-3

: 20.0

Project Name
Project No.
Boring No.
Sample No.
Depth ( ftl m )
File No.
Soil Descriptior : Dark gray, SILTY SAND (SM)
Method ( A ) [2]Constant load Incrementduration of 24 hours or rnulllplas there for. Miniumof ~vo Time -defonmatlon readinganerequired.

Method ( B ) DTlme.defonmation reading are requlned on all load Increments.Successiveload Incnements are applied after 100 % prtmary
consolidation is reached. or at constant time Incrementsare descrtbedin Test Method( A )

Sample (inch) (mm) Vertical Loac (ksf) ( kPa) Vertical Load ( ksf) (kPa)
Internal Diameter 2.42 61.47 Add Water a 0.50 23.94 Reload to

Height ( Jntial ) 1.00 25.40 Load to 16.00 766.08 Rebound to
Height ( Final) 0.9728 24.71 Rebound to 0.25 11.97 Time rate taking a 1.00 47.70

Date Time
Elapsed Load Dial Reading Consol. Before After

Time (min.) ( ksf) I (kPa) (in) (mm) (%) Weight of wet soil + ring ( gm 193.90
1213/2009 15:04 0:00:00 Seating 0.04880 1.24 Weight of ring ( gm 45.94

Load Weight of wet soil + ring + container ( gm 252.92
15:14 0.1 I 4.8 0.05000 1.27 0.00 Weight of dry soil + ring + container ( gm 220.84

No·1 84 I Weight of container ( gm 60.33
1214/2009 8:10 0:00:00 0.25 12.0 0.05170 1.31 0.17 Weight of ring + container ( gm 106.27

Moisture Content ( % ) 29.14 28.00
1215/2009 9:44 0:00:00 0.50 23.9 0.05390 1.37 0.39 Dial Reading ( inch 0.05 0.04

Add Water Sample Volume ( ff ) 0.0027 0.0026

1216/2009 8:40 0:00:00 0.50 23.9 0.05440 1.38 0.44 SQRT Wet Density (pcf 122.5 124.9
Time Dry Density ( pcf) 94.89 97.54

1216/2009 8:43 0:00:00 1.00 47.9 0.05440 1.38 0.44 0.00 Date Time Elapsed Load Dial Reading Consol.
0.10 1.0 47.9 0.05720 1.45 0.72 0.32 TIme (min.) ( ksf) (kPa) (in) (mm) (%)
0.25 1.0 47.9 0.05730 1.46 0.73 0.50 12110/2009 8:22 8.00 383.0 0.0806 2.05 3.06

0.50 1.0 47.9 0.0574 1.46 0.74 0.71

1 1.0 47.9 0.05750 1.46 0.75 1.00 12111/2009 8:23 16.00 766.1 0.0901 2.29 4.01
,

2 47.9 0.05760 1.46 0.76 1.411.0

4 1.0 47.9 0.05770 1.47 0.77 2.00 1211212009 8:40 2.00 95.8 0.0836 2.12 3.36
8 1.0 47.9 0.05790 1.47 0.79 2.83

15 1.0 47.9 0.05800 1.47 0.80 3.87 12113/2009 9:15 0.25 12.0 0.0760 1.93 2.60
30 1.0 47.9 0.05810 1.48 0.81 5.48

60 1.0 47.9 0.05820 1.48 0.82 7.75

120 1.0 47.9 0.05840 1.48 0.84 10.95

240 1.0 47.9 0.05850 1.49 0.85 15.49

480 1.0 47.9 0.05870 1.49 0.87 21.91

1217/2009 1440 1.0 47.9 0.05890 1.50 0.89 37.95

1218/2009 8:28 0 2.0 95.8 0.06520 1.66 1.52

1218/2009 8:29 0 4.0 191.5 0.0652 1.66 1.52

0.10 4.0 191.5 0.0697 1.77 1.97

0.25 4.0 191.5 0.0698 1.77 1.98

0.50 4.0 191.5 0.0700 1.78 2.00

1 4.0 191.5 0.0701 1.78 2.01

2 4.0 191.5 0.0702 1.78 2.02

4 4.0 191.5 0.0703 1.79 2.03

8 4.0 191.5 0.0705 1.79 2.05

15 4.0 191.5 0.0706 1.79 2.06

30 4.0 191.5 0.0708 1.80 2.08

60 4.0 191.5 0.0709 1.80 2.09

120 4.0 191.5 0.0712 1.81 2.12

240 4.0 191.5 0.0714 1.81 2.14

480 4.0 191.5 0.0717 1.82 2.17

12109/09 1440 4.0 191.5 0.0719 1.83 2.19

Remark Final Dial Reading 0.0760



---E~Natural Moisture

--tt-Sample Submerged

Rebound
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Compressive Stress in (ksf)

Boring No. : A-09-056 Liquid Limit :1 - , Moisture Dry Density Percent Void
Sample No. : 0-4 Plastic Limit: 1 -

....... '..
Content (%) (pel) I (kN/ln') Saturation Ratio

Depth : (ft)
: 20.0

1-
21.5 Plastic Index :1 - Initial 29.14 94.89 1 14.94 101.35 0.78

(m) : 6.10 6.56 Specific Gravity :1 2.70 Final 28.00 97.54 I 15.35 103.84 0.73

Description : Dark gray, SILTY SAND (SM)

Earth Mechanics, Inc.
,;..,,' Gcntcclmicnl und Earthquake Engineering

AeTA/Schuyler Heim Bridge Project

Project No. : 06-123-3 12/09/09
CONSOLIDATION TEST
(ASTM D-2435 / CT-219 )
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Boring No. : A-09-056

Sample No.: 0-4

One-Dimensional Consolidation of Soil
Time-Deformation Curve (Log of Time Method)

EM! Project No.: 06-123-3 Depth (ftlm): 20.0 I~I Veritcal Load (ksf/kpa) : 1.00 47.9



Square Root of Time (minutes)
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Boring No. : A-09-056

Sample No.: 0-4

One-Dimensional Consolidation of Soil
Ttrne-Deformntlnn Curve(Squnre Root of Time Method}

EMIProjectNo.: 06-123-3 Depth (fUm): 20.0 I 6.1 Veritcal Load (ksf/kpa) : 1.0 47.9
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Boring No. : A-OQ-056
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One-Dimensional Consolidation of Soil
Time-Deformation Curve (Log of Time Method)

EM! Project No.: 06-123-3 Depth (ftlm): 20.0 16.1 Veritcal Load (ksf/kpa} : 4.00 191.5



Square Root of Time (minutes)
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Time-Deformation Cnrve{Square Root of Time Method)
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DIRECT SHEAR TEST

ASTM D-3080-04

Project No. : 06-123-3 Project Name: ACTA/Schuyler Helm Bridge Project

Boring No. : Saturated Field Moisiture X Inundated Specific Gravity (Assumed): 2.70

Sample No. : X Undisturbed Remolded Consolidated-Drained Shear Rate (inch/mio): 0.02

Depth (rum) : Reshear Residual Data File Number: 0612309

Description:

Percent Saturation (%)

Prepared By : JF Shear

Tested By : JF

Computed By: JF

Checked By:

Percent,Consolidation :(;/0) 684 840 940
Height of Sample (inch) 0.05 924 0.92 1176 1.18 56.3 1352
Diameter of Sample (inch) 0.08 1092 1.09 52.3 1392 1.39 66.6 1884 89.9

Dial Reading-Consolidation (incb) 0.10 1236 1.24 59.2 1608 1.61 77.0 2544 121.4

Weight of Soil + Ring (gm) 0.13 1344 1.34 64.4 1788 1.79 85.6 2988 2.99 142.5

Weight of Ring (gm) 0..15 1440 1.44 68.9 1908 1.9.1 91.4 3312 3.31 158.0

Weight of Wet Soil + Cont. (gm) 0..18 1524 1.52 73.0 2028 2.03 97.1 3600 3.60 171.7

Weight of Dry Soil +Cont. (gm) 0.20 1584 1.58 75.8 2148 2.15 .102.8 3780 3.78 180.3

Weight of Cont. (gm) No. 0.23 1596 1.60 I 76.4 2256 2.26 108.0 3948 3.95 188.3

Moisture Content (%) 0.25 1608 1.61 77.0 2364 2.36 113.2 4080 4.08 194.6

Wet Density (per I kN/m') 1620 1.62 77.6 2448 2.45 117.2 4164 4.16 198.6

Dry Density (pcf 11<N/m') 1608 1.61 77.0 2532 2.53 121.2 4224 4.22 201.5

Percellt Safuratlon(%} 99.59 1596 1.60 76.4 2604 2.60 124.7 4248 4.25 202.6

Prepared By : JF 1572 1.571 75.3 2676 2.68 128.1 4272 4.27 203.8

Tested By: JF 0.38 1536 1.54 73.5 2724 2.72 130.4 4260 4.26 203.2

PercentCon.olidati.m 0.41 1512 1.51 72.4 2760 2.76 132.1 4260 4.26 203.2

Height of Sample (iach) 0.43 1500 1.50 71.8 2772 2.77 132.7 4236 4.24 202.1

Diameter of Sample (inch) 0.46 1476 1.48 70.7 2760 2.76 132.1 4152 4. .15 198..1

Dial Reading-Consolidation (incb) 0.48 1452 1.451 69.5 2748 2.75 131.6 4068 4.07 194.1

Weight of Soil + Ring (gm) 0.51 1416 1.42 67.8 2748 2.75 131.6 3948 3.95 188.3

Weight of Ring (gm) 0.53 1392 1.39 66.6 2748 2.75 13.1.6 3852 3.85 183.7

Weight of Wet Soil + Cant. (gm) 0.56 1344 1.34 64.4 2748 2.75 .131.6 3756 3.76 179.2

Weight of Dry Soil + Cant. (gm) 0.58 1308 1.31 62.6 2724 2.72 130.4 3660 3.66 174.6

Weight of Cont. (gm) No. 0.61 1284 1.28 61.5 2688 2.69 128.7 3612 3.61 172.3

Moisture Content (%) 0.64 1284 1.28 61.5 2652 2.65 127.0 3576 3.58 170.6

Wet Deusity (pcf I kN/m') 0.66 1260 1.26 60.3 2604 2.60 124.7 3552 3.55 169.4

Dry Density (pcf 11<N/m') 0.69 1248 1.25 59.8 2568 2.57 .123.0 3540 3.54 168.9

PercenfSatur~ti~iJ:(o/·) 0.71 1248 1.25 59.8 2568 2.57 123.0 3540 3.54 168.9

Prepared By: JF 0.74 1248 1.25 59.8 2568 2.57 .123.0 3540 3.54 168.9

Tested By: JF 0.76 1236 1.24 59.2 2568 2.57 123.0 3540 3.54 168.9

PercentCorisolidaliriri(,!,) 0.79 1236 1.24 59.2 2580 2.58 .123.5 3552 3.55 .169.4

Height of Sample (inch) 0.8.1 1224 1.22 58.6 2580 2.58 123.5 3540 3.54 168.9

Diameter of Sample (inch) 0.84 1224 1.221 58.6 2580 2.58 123.5 3564 3.56 170.0

Dial Reading-Consolidation (incb) 0.86 1224 1.22 58.6 2580 2.58 123.5 3588 3.59 171.2

Weight of Soil + Ring (gm) 0.89 1224 1.22 58.6 2556 2.56 122.4 3588 3.59 17.1.2

Weight of Ring (gm) 0.91 1236 1.24 59.2 2556 2.56 122.4 3600 3.60 17.1.7

Weight or wer Soil +Cant. (gm) 0.94 1236 1.24 59.2 2544 2.54 121.8 3624 3.62 172.9

Weight of Dry Soil +Cont. (gm) 1236 1.24 59.2 2532 2.53 121.2 3624 3.62 172.9

Weight of Cant. (gm) No. 1248 1.251 59.8 2532 2.53 121.2 3636 3.64 173.4

Moisture Content (%) 1248 1.25 59.8 2556 2.56 122.4 3636 3.64 173.4

Wet Density (pcf Il<N/m') 0.00

Dry Density (per I kN/m') 0.00

Strength (Ilsf) (lU'a) (1ISf) I (lU'a) 0.00 _I
Peak ~I 77.57 4.27 1204.54 0.00 -H-Ultimate 1.22 58.61 3.54 1169.50 I 0.00
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Boring No. : A-09-056
Strength Intercept (C) :

0.24 (!<sf) "LL 0.12 (ksf) ,
: D-6

.'.

Sample No. 11.30 (kPa) 5.55 (kI'a) .umma[e,

Depth (ftlm) : 30.0 10.00 Friction Anzle ( «b ) : 33.54 Degree .... 30.07 Degree

Description : Gray, Poorly graded SAND with SILT (SP-SM) Shear Rate Oneh/minute) : 0.02
MOISTURE DRY DENSITY VOID NORMAL STRESS PEAK STRESS ULTIMATE STRESS

SYMBOL
I (kN/mJ

) I ICONTENT(%) (pel) RATIO (lrsl) (ld'a) (ksl) (kPa) (ksl) (kPa)

• 26.93 97.16 15.29 0.73 2.00 95.76 1.62 77.57 1.22 I 58.61

• 25.42 99.79 15.71 0.69 4.00 191.52 2.77 132.72 2.53 I 121.23

.It. 23.81 103.05 16.22 0.64 6.00 287.28 4.27 204.54 3.54 I 169.50

I I

Earth Mechanics, Inc.
Geotechnicul and Earthquake Engineering

Project No. : 06-123-3 Date: 11/30/09

DIRECT SHEAR TEST (ASTM D-30S0)

Figure No.:



MEASUREMENT OF SOIL CORROSIVITY

Project No.
Boring No.

: 06-123-3
: A-09-056

Sam Ie No. : S-1
.wi< Samplefor Corrosivity tests must screen througl: No.8 Sieve

670.0

100.19

Sample for Test (gm)

3

Prepared By : PA
Tested By : PA

Calculated By : JF
Checked By :

Minimum Resistivity: I
...L.............

5
5.00
680

680.0

Resistivity Meter Reading (ohm-em)

1 2 3 4
5.00 5.00 5.00 5.00
1000 990 720 670

1.0 6.72 Setup Moistnre Content(%)

9.0X 1.5X 1.0 6.04X 3.95X 1.74 Wt. ofCont. No.

1000.0 990.0 720.0 670.0

22.86 X 3.81 X 2.54 15.31 X 10.04X4.41 Wt ofDry Soil + Cont. (gm)

0.0

2200

2200.0

As received

(LXWXH) flinch)

Soil Box Constant (C)

Soil Box Diamension (em)

Trial

Water added

Meter reading

Blank

12/14/09
12/15/09
12/17/09

Maximum

Date:

Date:

Date:

Date:

Date:

Date:

Date:

24.90

15

306.10

100.03

16:07:00

0:04:00

14:06:00
331.00

Vaccum & Filter at:

Prepared By :

Tested By:

Calculated By :

Checked By:

Prepared By :

Tested By:

Calculated By :

Checked By :

3
100.01
300.07

14:41:00

34.40 29.40 28.50 27.40
298.60 302.60 303.50 304.60

16:04:30 16:05:00 16:05:30 16:06:00

0:01:30 0:02:00 0:02:30 0:03:00

14:03:30 14:04:00 14:04:30 14:05:00
333.00 332.00 332.00 332.00

~ Beaker Number

I 100.01 < Tested Sample Volume >

Shaking at:

Reshalcing at :

W t, of SoilCgm):

Dtslilled Wafer (mL) :

Flask No. :

Weight of Soil (gm):

Distilled Water (mI.):

Shaking at:

Reshaking at:

292.00
41.00

0:01:00

14:03:00
333.00

16:04:00

With BaCL

288.60
46.40

0:00:30

14:02:30
335.00

16:03:30

J. Weight ]tJI).(J gill sample soil & add 3')0 IIIL of clistillf!d water. Stopper and shake
vigoronslyfar 2(J seconds, reshakingafter one hour and lei it scI/Ieow!rnight. 2. Ponr3(JI-------------:----1r--------=---~t_-----~-~_t
tnl aliquot affi/te.red solution illfoa 150 ml becker, then check pH. IfpH is in the range 6
throllgh 8, go to step 4. lf ph below 6, add SodiumHydrtuidcand ifabovc 8, add A ceI1;"d1------------:-:-..,...,--::-::--+-------=----,,-/-----------:-----:-1

cid 10 adjust 10 the range. 4. Add two drnps of Potassium Chromate SO/lilian bt!forel-----===::!"...:.:.::..:.---=..:....:....:.--r---=:.:.::=.::..=.::::..,;--.:.---~L-----'=.:..::..:..-----I
titratewith Silver Nitrate and changecolorfrom Yellow 10 Red. • ... Ifthe titration is Dl'e1
3tJmI., take a smaller sample.Dililteany smaller sample toabout Sf) mI..

Distilled Water added to (ml)

Difference ( ppm)

Turbidity with BaCL (NT_V-')'--__p'"

Blank ( time) 1 _

Turbidity Blank (NTV)

With BaCL ( time)

Time Intervals

Total Water Sample Prepared

Weight 100.0 gm ofsample soil & odd 300 ml. ofdistilled water.
Stopper and shake well. Allow to settle overnight. Prepare two 301------=.:::::.=-:...::..:.-=-----::=:-::--;-+--=:...:...:I..=:.:::=-=~:..---+---=-==-=-~7_:~=_=_1
(mi.) ofwater layer into a 150 (ml.} beaker, dilute to 100 (mi.), I ---'''--__~'-'-_----=:=:-::-=-+-----'::.c:..::..:.:c=-=-''-'----+---=-=:..:-___,_::_:_:_=:=_I

add 5 (m/.) conditianing reagent. Turbidity Blank - Adjust thel---=-=='--=-'---'C=-'-------,------:--,---:--c:-+---=====-=~:..---+---=-==-=-

stirrer to the maximum speed, add 1 spoonfull Barium Chloride &I ...=.:::==c::..::-=-...:.-:..:...:..:..:..::.-=-+--====-=~:..----L---=-==-=-
start timing. Stir for exactly 1 minute.

Remark:

Initial Final

30.04 30.04

Titration of'(I ml.) Sample Diluted to (F ml.)

Total Sample Prepared: 60.09

Sample Volume (ml)

pH ofLiquid Sample

Sodium Hydroxide added (ml)

Acetic Acid added (ml)

Silver Nitrate added (ml)

ppm CL= IOOx(ml ofSiI.Ni.-0.2 ml blank)*F/I

Moisture - Free CL = ppm CL X 100/ (100 - w )

15 <

7.84 7.84

30.05

7.84

Final

30.05

7.84

> 24

4.60

440.00

513.53

440.00

514
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Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
 
 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 19.8 in

Min= -13.3 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 1 - FN

0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 18.1 in/s

Min= -35.3 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.38 g

Min= -0.51 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Schuyler Heim Bridge Firm-ground Reference Time History; Set 4 - FN
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Schuyler Heim Bridge Firm-ground Reference Time History; Set 6 - FN
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Schuyler Heim Bridge Firm-ground Reference Time History; Set 1 - FP
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 



APPENDIX E. REVIEW COMMENTS AND RESPONSES



k MSE Wall BOA Section

Subject: Re: MSE Wall BDA Section·
From: Seungwoon Han <seungwoon_han@dot.ca.gov>
Date: Mon, 12 Apr2010 12:09:05 -0400
To: And Aru1moli <arulmoli@emilnnech.com>
CC: Eric Brown <e.brown@emilnnech.com>, "HaitaoLiurgidot.ca.gov" <Haitao_Liu@dot.ca.gov>,
Pat Wilson <P.Wilson@em·thmech.com>, Ranjan Gunaranjan <ranjan@earthmech.com>, Deh-Jeng
lang <deh-jengjang@dot.ca.gov>

Arul,

As we discussed over the phone, I summarized our comments below. Please note that all comments
below, and our previous comments on the bridges are applicable to all the wall reports. Also, I removed
some of comments that we resolved during discussion. If you have any questions, Please contact us.

Comments on retaining wall reports

1. Please revisit idealized soil profile and parameters, and revise them if necessary. Especially when
global slope and external stability is considered, a failure tend to develop through a weak layer, which
should be considered in the design. Therefore, layers with averaged parameters may not represent the
weak layers. Also confirm undrained residual strength of liquefiable layers.

2. Please provide stability analysis for each phase construction if strength increase is considered with
phase construction.

3. Please check allowable static long-term and short-term settlement, and seismic induced settlement
with the Structure. Especially, caltrans standard cantilever walls may not carry the settlement estimated
in the report. Also, when calculating bearing capacity of the standard wall, settlement should be
considered since settlement will control the footing design for most sandy soils.

4. Backfill material and soil corrosivity requirement should conform to our standard special provision
(SSP) for MSE wall. The requirement in SSP is more stringent than that in BOS.

5. Please provide a table showing bearing capacity FOS and minimum strap length to meet external
stability, global stability and settlement.

6. Structural backfill is assumed to have a friction angle of 34 degree with zero cohesion, and
compacted to a minimum 95 percent.

7. For Wall A1, please check inputs regarding a spreadsheet, "Stress at Various Points Below an Earth
Embankment." The Inputs for embankment geometry is not consistent with real embankment geometry.

8. Please verify bearing pressure of MSE wall. Caltran will also check BOA provided by EM!.

9.For Wall H1, end bearing of CIOH pile for retaining wall should be limited to consider potential defect
at the pile bottom during construction. Also, CIOH pile construction should comply to Caltrans SSP.



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITIAL REVIEW COMMENTS FORM

District-Co-Rte-PM: 07-LA-47-PM (Varies) ReviewingAgency: Caltrans District 7

EANo.: 238501 Functional Unit: Geotechnical Design South - 2

Milestone: 65% PS&E Review Date: April 12, 2010
Consultant: Earth Mechanics, Inc.

CURRENT
DWG NO.1SPEC STATUS
NO.1SECTION ACTION (OPEN I

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

I. Wall A1.The residual shear strength fortheliquefiable
material between EI. -5ft and -22It was revised tobe
700 psfconsistent with thelowest N1 (60-C8) blowcount
inthatlayer. 13bpfforR-09-038/ 0-4.Revised global
stability analysis indicates a pseudo-static factor of
safety greater than 1.1, meeting Caltrans requirements.
Revised global stability calculations areattached.

II.Wall C1. The residual shear strength forthe
liquefiable material between EI. -11 It and -25It was
discretized into two layers (1)thematerial between EI. -
11 It to-20It revised tobe1200 pstconsistent with the
lowest N1 (60-C8) blowcount inthatlayer of24bpfforR
09-009/8-4 and (2)material between EI. -20It to-25It
revised tobe600 psfconsistent with thelowest N1 (60-

Patrick Wilson C8)blowcount inthatlayer of10bpfforsample R-09-
(PW), 011/8-5. Revised global stability calculations are

Eric Brown (EB),
A attached.

K Arul Arulmoli
(KA), Kandiah

Pratheepan (KP) III.Walls E1/E2. The critical layer intheglobal stability
analysis isthematerial between EI. -5It and -17It and
ismodeled as600 psf, which issupported bytriaxial
testresults performed onthree different samples; R-09-
033/U-4, R-09-034/U-3 and R-09-035/U-3.

IV.Walls G1/G2. The idealized soilprofile beneath walls
G1/G2 has been revised. The critical revision was the
reduction of theundrained shear strength inthelayer
from -6to-23It to650 psf, which was verified asthe
most conservative strength inthatlayer, according to

Please revisit idealized soil profile and parameters, and revise them if thelabtestdata.
necessary. Especially when global slope and extemal stability is
considered, afailure tend todevelop through aweak layer, which should be V.Wall H1. The undrained shear strength ofmaterial
considered in thedesign. Therefore, layers with averaged parameters may between EI. -5It and -30It was reduced from 750 psfto
notrepresent theweak layers. Also confirm undrained residual strength of 700 psf, which issupported bytriaxial testresults

1 liquefiable layers. Iperformed onsamples R-09-036/U-5 and R-09-037/U-6.

RESPONSES FORACTION REaD
A:AGREE FULLY Will COMPLY
B:AGREE PARTlY SEENOTED EXCEPTIONS
c DISAGREE. REASONS ARE NOTED
0: COMMENT HAS BEEN SUPERCEDED BYDESIGN DEVElOPMENT
E:QUESTION ONLY. ANSWER THEQUESTION Page 1of3 Tab: Walls 65% P8&E



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District~Co-Rte-PM: 07-LA-47-PM (Varies) Reviewing Agency: Caltrans District 7

EA No.: 238501 Functional Unit: Geotechnical Design South - 2

Milestone: 65% PS&E Review Date: April 12, 2010
Consultant: Earth Mechanics, Inc.

CURRENT
DWG NO./SPEC STATUS
NO./SECTION ACTION (OPENt

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

Will comply. Strength increase due toconsolidation of
fine grained layers was considered intheglobal stability
analysis ofMSE walls E1-E2 and MSE wall G1. Global

PW t EBt KA A
stability analysis forthetemporary condition during
construction forthese walls indicate a factor of safety
greater than 1.25 forallwalls. Global stability

Please provide stability analysis foreach phase construction if strength calculations forthetemporary condition forthese walls
2 increase isconsidered with phase construction. areattached.

Will comply. Based upon ourconversations with wall
contractors, theallowable differential settlement foran
MSE Wall is1%along thewall length. Static and
seismic settlement calculations indicate theanticipated
differential settlements arewithin thetolerable limits for
MSEwalis.

Forretaining wall G2(standard cantilever wall) the
settlement analysis has been revised toaccount forthe
proposed staged construction and indicates the
anticipated static settlement beneath the proposed wall
after footing construction is less than 4 inches with a
maximum differential settlement of2 inches along the

PW t EBt KAt KP A wall length; which isconsidered within thetolerable
limits ofaCaltrans Standard Type 1wall. The
recommendations inthereport have been revised to
require thatwall G2should notbeconstucted until the
settlment period fortheembankment iscomplete (a
temporary shoring wall willberequlreo toretain the
embankment during thesettlement period). The revised
settlement calculations are attached.

Please check allowable static long-term and short-term settlement, and
seismic induced settlement with theStructure. Especially, caltrans standard The bearing capacity calculations forretaining wall G2
cantilever walls may notcarry thesettlement estimated inthereport. Also, have been revised according tothemethodology
when calculating bearing capacity of thestandard wall, settlement should proposed byMeyerhoff (1956) considering thatthe
beconsidered since settlement willcontrol the footing design formost footing willbeembedded ingranular fillmaterial

3 sandy soils. compacted to90% relative density. The revised bearing

Backfill material and soil comosivity requirement should conform toour
PW I EBt KAI KP A

standard special provision (SSP) forMSE wall. The requirement inSSP is Will comply. The comosion requirements forMSE
4 more stringent than thatinBDS. backfill willberevised and areattached.

Will comply. Atable willbeadded tothe"Bearing

PWt EBt KAI KP A
Capacity" section thatwilllisttheFOS forbearing

Please provide a table showing bearing capacity FOS and minimum strap capacity and global stability fora range ofstrap lengths,
5 length tomeet external stability, global stability and settlement. Asample table forMSE Walls E1-E2 isattached.

RESPONSES FORACTION REaD
A:AGREE FULLY WilLCOMPlY
B:AGREE PARTLY SEE NOTED EXCEPTIONS
c:DISAGREE. REASONS ARENOTED
D:COMMENT I-IA5 BEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTION ONLY. ANSWER THEQUESTION Page 2of3 Tab: Walls 65% PS&E



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-Co-Rte-PM: 07-LA-47-PM (Varies) Reviewing Agency: Caltrans District7

EANo.: 238501 FunctionalUnit: GeotechnicalDesign South - 2

Milestone: 65% PS&E Review Date: April 12, 2010
Consultant: EarthMechanics, Inc.

CURRENT
DWGNO./SPEC STATUS
NO.1 SECTION ACTION (OPEN I

NO. NO., ETC. ReviewedBy: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

Will comply. Idealized soil profiles and global stability
Structural backfill isassumed tohave afriction angle of34degree with zero PW I EBI KAI KP A analyses have been revised toreflect a 34degree/zero

6 cohesion, and compacted toaminimum 95percent. cohesion material forstructural backfill.
Will comply. The stress calculations aspartof the

ForWall A1,please check inputs regarding aspreadsheet, "Stress at PW/EB/KA/KP A settlement analysis beneath MSE Wall A1which now
Various Points Below anEarth Embankment." The Inputs forembankment reflect thecurrent geometry of theproposed

7 geometry isnotconsistent with real embankment geometry, embankment areattached.
Will comply. Based upon ourconversations with the
designers, thedemand bearing pressures listed in the

PW/EB/KA/KP A Caltrans BDA (2002) are suitable foruse indetennining
Please verify bearing pressure of MSE wall. Caltran willalso check BDA demand bearing pressures forwalls with a level backfill

8 Iprovided byEM!. and equivalent vehicle surcharge.
Will comply, Axial capacity calculations have been
revised to limit theend bearing tonomore than 20% of
thenominal resistance. Revised axial pile capacity

PWI EB/KA A calculations areattached.

ForWall H1, end bearing ofCIDH pile forretaining wall should belimited to Also, therecommendations provided inSection 6.2
consider potential defect atthepile bottom during construction. Also, CIDH "CIDH Pile Construction" have been confinned tobein

9 pile construction should comply toCaltrans SSP. compliance with Caltrans SSP's.
From Review of BridgeFoundationReports- Log of Test Borings.

Will comply. LOTB's have been revised toonly showExceptfor the standard spiltsampler,blowcounts recordedbydriving PW I EBI KAI KP A
10 any othersamplershouldnotbe shownin the LOTBs. SPT blowcounts.

From Review of BridgeFoundationReports- Consolidation Coefficient(CV)
is a function of the effectiveoverburden and pre-consolidation stressfora Will comply. Settlement rate calculations have been
givensoil.Please presentthe correlation curvebetweenconsolidation PW I EBI KAI KP A revised touse thelowest consolidation coefficientcoefficient and appliedverticalpressure, andselectthe lowestcoefficient, or
the coefficient valueunderthe actualeffectiveoverburden bythe endof detennined from labtesting. Revised settlement

11 construction for the settlementevaluation. calculations are attached.

PW I EBI KAI KP A A sectionwillbe included to each reportthat addresses
12 Settlementof adjacentutilities. the settlmentbenathadjacentutilities.

RESPONSES FORACTION REaD
A:AGREE FUllVWill COMPlV
8:AGREE PARTLV SEENOTED EXCEPTIONS
C:DISAGREE. REASONS ARE NOTED
0: COMMENT HAS BEEN SUPERCEDED BVDESKiN DEVELOPMENT
E:auESTION ONLY, ANSWER THEQUESTION Page 30f3 Tab: Walls 65% PS&E
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17660 Newhope Street, Suite E, Fountain Valley, California 92708      Tel: (714) 751-3826 Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

 

    TECHNICAL MEMORANDUM 

 

DATE: December 31, 2009         EMI PROJECT NO:         06-123-03 
 
TO:          Lucien Hersh / Alameda Corridor Engineering Team (ACET) 
 
COPY:     Richard Norton / URS Corporation (URS) 
         Jeff Mills / URS 
    
FROM: Arul Arulmoli / Earth Mechanics, Inc. (EMI) 
 Ranjan Gunaranjan / EMI 
  
SUBJECT: Schuyler Heim Bridge Replacement Project, Geotechnical Memorandum for 

Settlement Estimates below Topko Pipe due to Proposed Retaining Wall Nos. E1 
and E2.  

 

 
Earth Mechanics, Inc. (EMI) has been requested by URS Corporation (URS) to estimate 
settlements below the existing Topko pipe due to the proposed embankment fill of Retaining 
Wall (RW) Nos. E1 and E2. This memorandum is prepared to provide settlement estimates 
below the Topko pipe due to the proposed RW Nos. E1 and E2 embankment fill. 
 
Project Description 
 
As a part of the Schuyler Heim Bridge Replacement Project, Retaining Wall (RW) Nos. E1 and 
E2 are proposed to be built at east and west sides of the northern approach embankment 
(Abutment 27) of Northbound SR-103 Off-Ramp Bridge to retain an approximately 57-ft wide 
approach embankment (Figure 1). Per plans provided by the designers, Wall No. E1, located on 
the west side of the approach between approximate Sta. 426+13 and Sta. 428+29 (“E” Line), will 
be approximately 216 ft long with a maximum design height of 23.5 ft at the south end of the 
wall while Wall No. E2, located on the east side of the approach between approximate            
Sta. 426+13 and Sta. 429+83 (“E” Line), will be approximately 370 ft long. The bottom 
elevation of the subject wall footings vary between -1.0 ft and -1.2 ft.  Based on the information 
provided by URS, an existing 60-inch diameter Corrugated Metal Pipe (CMP), which contains 
an 8-inch diameter Topko oil line and 8-inch diameter water line inside, crosses the RW Nos. E1 
and E2 at approximate Sta. 427+65 (“E” Line) (See Attachment 1 and Figure 1). The top 
elevations of the CMP line vary between -3.2 ft and -3.3 ft. At the location where the CMP line 
crosses the walls, the top elevation of the proposed wall will be approximately at +16 ft. The 
existing grade is at about El. 0 ft.  
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Settlement Estimates 
 
Standard procedures were used to evaluate ground settlement underneath the Topko pipe due to 
the proposed wall and associated embankment fill placement. Generally, fills induce immediate 
and consolidation settlement of underlying soils. Immediate settlement occurs during grading 
and consolidation settlement occurs over varying time periods. Consolidation settlement 
(magnitude and time period) is directly related to the depth of fill placed over compressible soil 
and configuration (thicknesses and locations) of fine-grained soil layers. Immediate settlement is 
estimated to be negligible in this case (less than 0.25 inches) and is expected to occur during 
grading. Consolidation settlement is expected to occur over varying time periods.  
 
Soil Parameters: The wall section provided by URS was used to evaluate potential settlement at 
approximate Sta. 427+65 (“E” Line), where the Topko pipe crosses the subject retaining walls. 
Using the subsurface information collected from site-specific soil borings A-09-056, R-09-034 
and R-09-035 and Cone Penetration Test (CPT) soundings CPT-09-066 and CPT-09-098 (See 
Figure 1 for boring and CPT locations) and laboratory test results, an idealized soil profile was 
developed along the subject utility line for settlement estimates. The idealized soil profile and 
soil parameters used in the analyses are shown graphically in Figure 2. The design groundwater 
table was selected to be at El. +0 ft. 
 
The consolidation parameters were estimated using laboratory test data. The compression index 
(Cc) was determined by measuring the slope of the virgin portion of the consolidation curves 
developed from laboratory consolidation tests. The Casagrande procedure was used to estimate 
the pre-consolidation pressure (σp). And, Taylor’s square-root-of-time method and Casagrande’s 
logarithm-of-time method were used to estimate the coefficient of consolidation (Cv). The 
methods for determining the compression index, recompression index, the pre-consolidation 
pressure, and the coefficient of consolidation are described in Holtz and Kovacs (2004). 
 
Settlement Magnitudes: Based on our settlement calculations, settlement of soils underlying the 
Topko pipe is estimated to be about 5 inches, 2.5 inches, 0.25 inches at the centerline of the MSE 
embankment (i.e., Point A, see Figure 2), at the edges of RW Nos. E1 and E2 locations (i.e., 
Point B or B', see Figure 2), and about 25 ft away from the walls (i.e., Point E or E', see Figure 
2), respectively. The approximate settlement profile of the soil underlying the Topko pipe is 
shown in Figure 3. 
 
Settlement Periods: The settlement period without any surcharge is estimated to be about 25 
weeks to reduce the long-term post-construction settlement below the CMP to be less than ½-
inch. If a 5-ft embankment surcharge is applied, the settlement period is expected to be reduced 
to about 12 weeks. For a 7-ft embankment surcharge, the settlement period is expected to be 
reduced to about 9 weeks. 
 
The surcharge heights referred to in these recommendations are measured relative to the finished 
grade of the proposed embankments. Waiting periods without surcharge begin once the project 
grade is constructed to the top of the finished subgrade. Settlement periods with surcharge begin 
once the full surcharge height is completed.  



ACTA Schuyler Heim Bridge Replacement Project 
Settlement Estimates below Topko Pipe  

December 31, 2009 
Page 3 

 

 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

  

Closure 
 
We appreciate the opportunity to work with you on this project to provide geotechnical 
recommendations for the project. If you have any questions, please do not hesitate to call us. 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 
  
Reference 
 
Holtz, R.D. and Kovacs, W.D., 2004, “An Introduction to Geotechnical Engineering”, Prentice 

Hall Civil Engineering and Engineering Mechanics Series, September. 

 

 

Attachments 
 
Attachment 1 – Wall Section and Topko Pipe Location Information Provided by URS 

(Ranjan) G.J. Gunaranjan, PE 71758 (Arul) K. Arulmoli, GE 2090 

Senior Staff Engineer Project Manager 
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Consolidation Settlement Profile along Topko Pipe Line
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WALL SECTION AND TOPKO PIPE LOCATION INFORMATION  
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Geotechnical & Earthquake Engineering

May 10,2010
EMI Project No. 06-123-03

Alameda Corridor Transportation Authority
One Civic Plaza, Suite 350
Carson, Califomia 90745

Attention:

Subject:

Mr. Lucien Hersh, P.E.
Project Manager

Final Foundation Report
Retaining Wall G1, Wall No. 53E0151
Retaining Wall G2
Los Angeles County, California, (7-LA-47, PM 0.17, EA 238501)

Dear Mr. Hersh:

Attached is our Final Foundation Report for the subject retaining walls. This report presents the
findings and conclusions of our geotechnical investigation as well as analyses results and
recommendations for design and construction ofthe subject retaining walls.

The Foundation Report for the subject walls, dated February 10, 2010, was submitted to
Caltrans. The Caltrans Office of Geotechnical Design South 1 (OGDS-1) reviewed the report and
provided their comments on April 12, 2010. EMI developed responses to the OGDS-1 review
comments and submitted them on May 4, 2010. OGDS-1 review comments and EMI responses
are included in Appendix E. The responses to these review comments have been incorporated
into this Final Foundation Report, We appreciate the opportunity to provide geotechnical
services for this project. If you have any questions please call us.

Sincerely,
EARTH MECHANICS, INC.

/JiM!
Patrick Wilson, PhD
Staff Engineer

(Arul) K. Arulmoli, PhD, GE
Project Manager

~'I-
Eric Brown, GE
Senior Engineer

17660 Newhope Street, Suite E, Fountain Valley, California 92708 Tel: (714) 751-3826 Fax: (714) 751-3928



FINAL FOUNDATION REPORT
RETAINING WALL G1, WALL NO. 53E0151

RETAINING WALL G2
LOS ANGELES COUNTY, CALIFORNIA

(7-LA-47, PM 0.17, EA 238501)

Prepared for:

. Alameda Corridor Transportation Authority
One Civic Plaza, Suite 350
Carson, California 90745

Prepared by:

Earth Mechanics, Inc.
17660 Newhope Street, Suite E

Fountain Valley, California 92708

EMI Project No. 06-123-03

May 10,2010
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1.0 INTRODUCTION

1.1 Purpose Scope of Work

This Foundation Report presents the findings and conclusions of a geotechnical investigation
conducted by Earth Mechanics, Inc. (EMI) for the proposed Retaining Wall Gland 02 in Los
Angeles County, California. The report has been prepared in general accordance with Caltrans
Guidelines for Foundation Investigation and Reports (Caltrans, 2006e). It presents results of our
foundation analyses and provides design and construction recommendations to assist the bridge
designers in preparing the project Plans, Specifications, and Estimates (PS&E) for the project.

The geotechnical services provided for this project included the following tasks:

• Collection and review of existing geotechnical information;

• Field exploration consisting of drilling, sampling and logging exploratory borings;

• Laboratory testing of selected bulk and relatively undisturbed soil samples;

" Engineering analysis to develop foundation design and construction recommendations;

" Preparation of this report presenting our findings, conclusions, and recommendations.

1.2 Project Description

The Schuyler Heim Bridge Replacement and State Route-47 (SR-47) Expressway Project is a
joint partnership between Caltrans and the Alameda Corridor Transportation Authority (ACTA).
The project proposes to replace the seismically deficient Schuyler Heim Bridge over Cerritos
Channel and add a four-lane elevated roadway connection to Alameda Street that will bypass
three signalized intersections and five at-grade railroad crossings. The location of the project is
shown in Figure 1.

The proposed Schuyler Heim Bridge replacement consists of replacing the existing vertical-lift
bridge with a fixed bridge with an elevated profile to provide a minimum vertical clearance of
47ft in the Cerritos Channel and maintain a navigable width of 180 ft within the channel. The
proposed bridge replacement project includes bridge structures along the southbound exit ramps
and northbound entrance ramps at New Dock Street and State Route-I 03 (SR-I03). This report is
prepared for proposed Retaining Wall G1 and G2 located on the west and east side, respectively,
of the approach embankment for the SR-103 On-Ramp (Figure 2).

Retaining Wall Gl, located along the western edge of the SR-I03 On-Ramp approach
embankment between Sta. 618+33 and Sta. 622+22 ("G" Line) is proposed to be a mechanically
stabilized embankment (MSE) wall and will be approximately 389 ft long with retained heights
varying from 24 ft at the southern end of the wall to about 6 ft at the northern end of the wall.
Retaining Wall G2, located along the eastern edge of the SR-I03 On-Ramp approach
embankment between Sta. 618+33 and Sta. 621+00 ("G" Line) is proposed to be a Caltrans

Earth Mechanics, Inc.
Oeotecnntca! & Earthquake Engineering
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standard Type 1 cantilever retaining wall and will be approximately 267 ft long with retained
heights varying from 12 ft at the southern end of the wall to 8 ft at the northern end of the wall.

1.3 Limitations

This report is intended for use by Alameda Corridor Transportation Authority (ACTA), its
design team members and the California Department of Transportation (Caltrans) for the
proposed Retaining Wall G1 and G2. This report is based on the project as described herein and
the information obtained from the exploratory borings at the approximate locations indicated on
the attached plans, The findings and recommendations contained in this report are based on the
results of the field investigation, laboratory tests, and engineering analyses. Also, soils and
subsurface conditions encountered in the exploratory borings are presumed to be representative
of the project site; however, subsurface conditions and characteristics of soils between
exploratory borings can vary. Findings reflect an interpretation of the direct evidence obtained.
Recommendations presented herein are based on the assumption that an appropriate level of
quality control and quality assurance (inspections and tests) will be provided during construction,
EMI should be notified of any pertinent changes in the project plans or if subsurface conditions
are found to vary from those described herein. Modifications to the project plans or variations in
subsurface conditions may require re-evaluation of the recommendations contained in this report.

The data, opinions, and recommendations contained herein are applicable to the specific design
elements and locations which are the subject of this report. Data, opinions, and recommendations
herein have no applicability to any other design elements or to any other locations, and any and
all subsequent users accept any and all liability resulting from any use or reuse of the data,
opinions, and recommendations without the prior written consent of EM!.

EMI is not responsible for construction means, methods, techniques, sequences, or procedures,
or for safety precautions or programs in connection with the construction, for the acts or
omissions of the Contractor, or any other person performing any of the construction, or for the
failure of any worker to carry out the construction in accordance with the Final construction
drawings and specifications.

Services performed by EMI were conducted in a manner consistent with that level of care and
skill ordinarily exercised by members of the profession currently practicing in the same locality
under similar conditions. No other representation, expressed or implied, and no warranty or
guarantee is included or intended.

Earth Mechanics, Inc.
Geotechntc a! & Ear fh qu a ke Engineering
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2.0 FIELD INVESTIGATION AND LABORATORY TESTING

2.1 Existing Information

Existing subsurface information surrounding the Schuyler Heim Bridge is available from reports
prepared by LKR Group, Inc. (LKR, 1998), MAA Engineering Consultants, Inc. (MAA, 1993)
and Diaz-Yourman and Associates (DYA, 2000) for seismic retrofit of the existing Schuyler
Heim Bridge, rehabilitation of the Badger Avenue Bridge, and Henry Ford Avenue Grade
Separation Project, respectively. From these three sources, the nearest boring to Retaining Wall
Gl and G2 is shown on the as-built Logs-of-Test-Boring (LOTB) sheets prepared by LKR for
the seismic retrofit of the Schuyler Heim Bridge and is approximately 800 ft south of the
southern end of the proposed wall pair.

2.2 Supplemental Field Exploration

A geotechnical field investigation was conducted by EMI for the entire project between October
and November, 2009 which included a total of eight hollow-stem auger borings, 42 rotary wash
borings and 38 CPT soundings. Of that exploration program, two rotary wash borings, two
hollow-stem auger borings and one CPT sounding were performed in the vicinity of Retaining
Wall G1 and G2. The purpose of the explorations was to log subsurface conditions and collect
soil samples from locations near the proposed walls. Soil exploration information is summarized
in Table 1. Approximate locations of the explorations performed by EMI for this project are
shown on Figure 3 and on the LOTB sheets included at the end of this report. Upon completion,
the exploration locations were surveyed by Wagner Engineering & Survey, Inc. (WES) under a
subcontract with EML

2.2.1 Soil Borings

The borings and CPT soundings surrounding the proposed retaining wall pair were performed at
grade on the shoulder of the existing SR-I03/SR47 ramps. The deepest boring penetrated down
to about elevation -96,9 ft, approximately 102 ft below ground surface.

Rotary borings were performed by C&L Drilling Co. (C&L) and SoCal Drilling Co. (SoCal),
under a subcontract with EMI, using a truck-mounted drill rig equipped with 5-in diameter tri
cone drill bit and a mud-rotary circulation drill system. Auger borings were performed by 2R
Drilling Co. (2R), under a subcontract with EMI, using a truck-mounted hollow-stem auger drill
rig equipped with 8-inch diameter augers. Subsurface soils and conditions were logged and
samples of soils were collected for laboratory testing. Large bulk samples of near-surface soils
were logged and collected. Smaller soil samples were collected from borings generally at 5 ft
vertical intervals by means of split-spoon drive samplers; the Standard Penetration Test (SPT)
sampler and the Modified California Drive (MCD) sampler were used to collect small disturbed
and relatively undisturbed samples, respectively. The MCD is a split-barrel sampler with a
tapered cutting tip and lined with a series of 1 inch tall brass rings. The SPT sampler (1.4 inch
ID) and MCD sampler (2.4 inch ID, 3.2.5 inch OD) were driven using a 140 pound hammer
falling 30 inches down a total depth of 18 inches or until refusal. The blowcounts for the last ft of
penetration were recorded on the boring logs.
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As part of the field investigation, SPT hammer energy measurements were performed by
EarthSpectives (ES) under a subcontract with EM!. Based on those measurements, the average
hammer efficiency was 62 percent in the borings performed by C&L, and 79 percent in the
borings performed by SoCal and 80 percent in the borings performed by 2R. A copy of the ES
report is provided in Appendix B.

Boring geophysical measurements were also collected by GeoVision under a subcontract with
EMI in six uncased borings as part of the project. Compression (P) and shear (S) wave velocities
were measured along the entire boring depth at the six selected boring locations. A copy of the
GeoVision report is provided in Appendix C.

TABLE 1. SOIL EXPLORATION INFORMATION

Boring Line

R-09-035(2)

R-09-036(1)

Approx. Approx. Approx.
Approx. Approx. Bottom of

Station Offset (ft) GSE (ft)
GWE Boring Elevation Method

(ft) (ft)

618+39.2 28.5 Lt +2.1 -11.9 -74.4 RW
-_.._--_._--_._-----.-._------_..__.__._--------------._-._...__._._-_.._--_._---

619+74.9 30.8 Lt. +3.4 -11.6 -72.6 RW

A-09-058(3)

A-09-059(J)

CPT-09··099

"G"
Line 620+78.1

622+73.0

622+73.8

39.0 Lt.

65.3 Lt.

63.4 Lt.

+4.2

+5.6

+5.6

-8.8

-1.6

NR

-47.3

-46.0

-96.9

HSA

HSA

CPT

Notes: 1. Boring performed by C&L. Drilling Co.
2 Boring performed by SoCalDrilling Co.
3.Boring performed by 2R Drilling Co.
4. GWE = Groundwater Elevation.
.5. GSE = Ground Surface Elevation (estimatedfrom topographic plans).
6. Top ofBoring Elevation Based on NA VD88.
7. RW = Rotary Wash, HSA = Hollow Stem Auger, CPT = Cone Penetration Test.
8. NR = Not Recorced.

2.2.2 CPT Soundings

The CPT soundings were also performed at grade in the undeveloped area near or beneath the
existing New Dock Street on-ramp structure, east of the main bridge structure. The deepest
sounding was advanced down to elevation -102.7 ft, approximately 103.5 ft below ground
surface.

Cone Penetration Test (CPT) soundings were performed by Middle Earth Geo Testing, Inc.
(Middle Earth) under a subcontract with EMI, using an electronic cone penetrometer in general
accordance with the current ASTM Standards (ASTM D5778 and ASTM D3441). The CPT
equipment consisted of a cone penetrometer assembly mounted at the end of a series of hollow
sounding rods. The cone penetrometer assembly consisted of a conical tip with a 60° apex angle
and a projected cross sectional area of 1.55 in- (10 em") and a cylindrical friction sleeve with a
surface area of 23.25 in" (150 em"), The interior of the cone penetrometer is instrumented with
strain gauges that allow simultaneous measurements of cone tip and friction sleeve resistance
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during penetration. The cone penetrometer assembly is continuously pushed into the soil by a set
of hydraulic rams at a standard rate of 0.79 inch per second (20 mm per second) while the cone
tip resistance and sleeve friction resistance are recorded every 1.967 inches (50 mm) and stored
in digital form. A specially designed all wheel drive 25-ton truck provides the required reaction
weight for pushing the cone assembly and is also used to transport and house the test equipment.
The computer generated graphical logs include cone resistance, friction resistance, and friction
ratio. Soil behavior type interpretations are based on guidelines by Robertson and Campanella
(1989).

2.3 Laboratory 'resting

Laboratory tests were performed to determine relevant physical characteristics and engineering
properties of the in-situ soils at the site. Selected soil samples were tested to determine soil type
and other physical and engineering properties. A list of tests performed, the corresponding test
methods, and purpose of testing is presented in Table 2.

The laboratory soil tests were conducted in general accordance with California Test (C'I')
methods or American Society for Testing and Materials (ASTM) standards. The distribution of
laboratory tests is shO\,-'11 on the LOTB sheets at the end of the report and test results are given in
Appendix c..

TABLE 2. EXPLANATION OF LABORATORY TESTS PERFORMED
-------~-"-------.,---------------------

Type of Test
Applicable Test

Method
Purpose

. Dry Density ,ASTM D 2937 I Estimate ill-situ dry soil density ,

[-=~~~~~i~g?~i~~~t_~--r=_~~i~~~3i~.~~J~~~~?~~~~E~~-~~iT~~ls_t~~~i~~~C~=~~=~~==~:~_-==::=~=~=i
! No. 200 Wash i ASTM D 1140 'Detennine the percentage of fine-grained particles of soil !
-·----Si~~~-~~iY~j~-&----T-·------------- -..-- ----------------------.--.-------..---------.:

ASTMD 422 ! Determine particle size distribution of soil
L. ~:clr0..P~.!..e! : ._.__. .. ---,j ~ . . . ----i
; Atterberg Limits i ASTMD4318; Determine plasticity offme-grained soil . i
I--Sp-ecifi;(i~~i;:_Y-----i-ASTMD854------rDetenci-;;~ spec-ific g;~~itY--;;f soi;~h:t~------·- ----.------·-----1
j.---- --Consoli-d~ti;~----- -~-~\STMD2435- --~t-;~{;;-~-;~m~~--;ibiliiy offm~-i~I;"~d-;;i-l----------------------1

!---- ----uu l'~i~Jd~i ----'--~\Sl~M-D 2£50-- . E;thnat~-~treng1h param~t;~-~f flne-grained ~oil-----'-------"------I
l-·----~_·-'-:--·--·-····---T------~·----·..,-l··---. --~--.----. -----;----.----:------.----·-c-l
! . Compaction i . CT 216 i Determine maximum density and optimum moisture of.soil :

;=~~~~~~:~~~y~1~~~:~~~~~~~~:~_=-~=~!=3Cj~~~_=~=I Det~rmine R.v~~e~f~..?..~.. .__-====~~:===_=~:_:=-_~==~_:=:
i Soilpli ., CT 643 i Determine pH of soil for corrosion potential evaluation :
i--' 1',1~i;~~ Re~i~t;·~itY-r-------CT643------·--r D~;~iue~e~i~~itY--;T~;Ii-for ~-oITosi~~··p~t~;-tj~l~~~i;l;;ti~~-------!
1------·_---..·_--·· ...-----..----,- .....----~-------.-----,---- -------,---.----~--.- -----.-.-.--.------------.----~-._--- ----.-----------,
! Sulfate Content: C1'417 . I Determine sulfate in soil for corrosion potential evaluation !
t-chi;-rid~e--CZ~t~;;t--·--~---··------cT-4i2'· ----rD~;;~--~~-~bi~rid;~~cil-i;~:z~~~;p~t~rti~~~~tion-=----',..

Notes: 1. ASTM = American Society for Testing and Materials.
2. CT = California Test Method. ,-------
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3.0 GEOLOGY

3.1 Physiography

The Schuyler Heim Bridge spans the Cerritos Channel in the Port of Long Beach. Like most of
the shipping channels within the port, the Cerritos channel is a man-made channel that was
dredged into the former Wilmington Lagoon which was a coastal marshland with abundant tidal
channels, estuaries, and small marshy islands. The site area is in the coastal area of San Pedro
Bay within Los Angeles Basin (Figure 4). Los Angeles Basin is a large low-lying coastal plain
bordered by the Santa Monica Mountains on the north, the Repetto and Puente Hills on the
northeast, the Santa Ana Mountains on the east, and the San Joaquin Hills on the south (Figure
4). The western margin of the basin is open to the Pacific Ocean except for one prominent hill,
the Palos Verdes Hills which is a peninsula separating Santa Monica Bay on the north from San
Pedro Bay. The Palos Verdes Hills are a result of uplift along the Palos Verdes fault zone
(Schell, 2007).

The floor of the Los Angeles Basin is a relatively flat surface rising gently from sea level along
the coastline to the surrounding mountains which then rise abruptly to a few thousand feet above
the plain. The margins of the hills and mountains surrounding the basin are commonly elevated
somewhat above the general level of these major plains by an apron of uplifted sediments such as
the La Brea Plain, Montebello Plain, Santa Fe Springs Plain, and the Coyote Hills.

The flat basin floor of the Los Angeles basin is interrupted in a few localities by small hills such
as the northwesterly alignment of hills and mesas called the Newport-Inglewood Structural
Zone-NISZ (Figure 4). The NISZ extends from the Newport Bay area on the south to the Beverly
Hills area on the north, and is a result of geologically recent folding and earthquake fault
displacements. The NISZ divides the basin floor into two major plains, The Downey-Tustin
Plain on the northeast and the Torrance plain (including the Long Beach Plain) on the southwest.
The part of the NISZ nearest the site is at Signal Hill to the northeast (Figure 5).

Major Rivers in the Los Angeles basin are the Los Angeles, San Gabriel, and Santa Ana Rivers.
These rivers enter the basin through valleys or canyons in the surrounding mountains such as Los
Angeles Narrows, Whittier Narrows, and Santa Ana Canyon, and flow southerly across the basin
floor, through gaps in the NISZ, to the coast. At present these rivers along with nearly all minor
tributaries in the Basin are confined within concrete-or rip-rap-lined channels but in the natural
state they meandered back and forth across the Basin floor, commonly shifting outlets. For
example, the Los Angeles River at one time flowed westerly into Santa Monica Bay through
Ballona gap and the San Gabriel River flowed into Wilmington Lagoon which is now occupied
by the Port of Los Angeles. At present, the Los Angeles River flows to the Port of Long Beach
Los Angeles area.

The floor ofthe Los Angeles Basin is directly underlain by unconsolidated Quaternary-age sandy
sediments. These generally can be subdivided into loose unconsolidated Holocene-age sediments
which cover the bulk of the basin, and the underlying Pleistocene-age materials of the Lakewood
and San Pedro formations which are only exposed in some of the uplifts of the NISZ and the
marginal plains. Hard rocks occur only in the mountains surrounding the basin and at depths
ranging from a few thousand feet to as much as 30,000 feet in the deepest part of the central Los
Angeles Basin.
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Except for the Newport-Inglewood and the Palos Verdes fault zones, most surface geological
faults such as the Santa Monica, Hollywood, and Whittier faults occur along the basin margins
(Figure 4). In Addition to these known surface faults, the Los Angeles region is underlain by
buried thrust and reverse faults. These are poorly understood features with poorly known
locations and orientations. The Los Angeles, Santa Fe Springs, and Coyote Hills faults which
make up the Puente Hills blind thrust fault system, are examples (Figure 4). However, any large
earthquakes associated with these subsurface features are most likely to originate at great depths
(e.g. about 10 to 12 miles), and thus these should not impact the subject site significantly more
than similar-sized earthquakes on the nearer Newport Inglewood or Palos Verdes faults. The
1987 Whittier earthquake OCCUlTed on one of these subsurface faults (either the Santa Fe Springs
or the Coyote Hills faults) dipping northerly under the Repetto-Puente hills and the San Gabriel
Valley northeast of the site. The 1994 Northridge earthquake occurred on a southerly dipping
buried fault below the San Femando Valley.

3.2 Stratigraphy

The project area is underlain by a sequence of geologic strata consistent with the general
stratigraphy of the Los Angeles Basin. Table 3 is a regional stratigraphic and correlation chart
showing the upper part of the stratigraphic sequence in the ports of Long Beach and Los Angeles
area. Review of the borehole logs drilled for this project, along with existing boring logs from
other geotechnical studies and from published sources (e.g. Zielbauer, et al., 1962; Wright 1991;
U.S. Geological Survey, 2007; Schell, 2007), indicates similar strata.

The uppermost deposits of most significance to the project were deposited during the last ice age
and the period directly thereafter, i.e. the past 15,000-20,000 years or so. The rise in sea level
was not constant but comprised several fluctuations. Interaction between the fluctuating sea level
and sedimentary deposition from inland streams resulted in a complex association of irregular
and discontinuous beds and lenses of marine and non-marine sedimentary strata. The major
stratigraphic units underlying the project corridor are summarized below:

1) The surficial strata consist of sandy alluvium deposited by streams of the Los Angeles
River system flowing into the coastal marsh, near-shore-marine, and beach deposits along
the coast during the past few thousand years (~ past 5,000 to 7,000 years). These are
about 20 to 30 feet thick.

2) The surficial strata overlie early Holocene-age transgressive marine silts and clays
deposited between about 4,500-7,500 years ago to about 10,000 years ago. These deposits
occur at depths of about 25 ±5 to 70 ±10 feet and represent primarily marine sediments
deposited during the later stages of the most recent rise in sea level that began about
15,000 to 20,000 years ago. However, these deposits commonly contain sand and fine
gravel lenses deposited by seasonal river flooding during intermittent wetter periods and
storms inland.

3) These are underlain by the Gaspur Formation which is coarser grained sand and gravel
material deposited in a relict channel of the Los Angeles River that was cut when sea
level was lower during the last ice age. As the climate warmed, sea level rose due to
melting ice at the Polar ice caps and the shore line retreated inland. The Gaspur is about
70 ±10 feet to about 190 feet deep and consists of an upper primarily sandy unit and a
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deeper coarser sand and gravel unit. The gravels of the Gaspur channel extend far inland
and comprise a major aquifer in the Los Angeles area.

4) The Gaspur channel was cut into older Pleistocene material of the Lakewood Formation
which is about 160 to 300 thousand years old. The Lakewood is partially marine and
partially non marine that was deposited during previous Pleistocene ice ages. Lakewood
sediments were intermittently exposed to surficial weathering resulting in desiccation,
oxidation, and soil-profile development. At the site, the Lakewood is about 190 feet to
about 250-300 feet deep and overlies the Pleistocene-age, marine San Pedro Formation.

5) The San Pedro Formation extends to about 1100 ±50 feet depth and comprises gently
tilted marine silts and sands overlying the folded Tertiary-age marine deposits (Pico,
Repetto, Fernando formations), and the ancient igneous and metamorphic basement rocks
at a depth of about 10,000 feet.

TABLE 3. STRATIGRAPHY AND CORRELATION CHART, LONG BEACH AREA

Zielbauer
CADept. of

Geologic
Formation

Sequence
Age Estimate and others

Water
Series (USGS, 2007)

(1962)
Resources

(1961)

Dune/Beach Sand,
Coastal Marsh,

Holocene Transgressive Marine, Dominguez <15 ka Gaspur Gaspur
Stream

Alluvium

Mesa
Latest Pleistocene

Older Dune Sand, ._________________~0-8Q ka)____

Upper
Stream Alluvium, Near- Pacific

Early 0 stage 5

shore Marine, 10-130 200 ft sand Gage
Pleistocene

Lakewood Fm (Marine Constrained between
and Non Marine) Harbor o stage 5 and 9

(~160-300 ka)

Bent Spring
o stage 9-11
(~300-450 ka)

Upper o stage 12-14
400 ft gravel Lynwood

Wilmington (~475-580 ka) ------_.._-.-..__·__0_-
Lower o stage 15-17+

Lower Wilmington (~580..<780 ka)

Pleistocene
San Pedro Formation -2.0 Ma or >2.6 Ma Upper

Pliocene A
from magnetic Silverado

polarity and
Silverado

____.. ____________ pale~ntologL_____________..___

~-2.0 Ma or >2.6 Ma

Pliocene B
from magnetic Lower

polarity and Silverado
paleontology

Upper Pico/Femando
>2.6 Ma from

Pliocene Formation
Pliocene C magnetic polarity and Pico Pico

paleontology
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Units 1 through 3 were penetrated by many of the deeper on-land borings drilled for this
investigation. Most of the recovered gravel and the sandy gravel/gravelly sand samples are from
the Gaspur Formation. The over-water borings generally penetrated deeper and extended through
the Gaspur into the upper part of the Lakewood Formation. Other units of the stratigraphic
succession (e.g. the Mesa and Pacific parts of the Lakewood Formation) me present in areas
adjacent to the project mea but were eroded away by the erosion that accompanied deposition of
the Gaspur sediments and therefore are not important to the project. Likewise, the San Pedro
formation is deep below the site and is not important to the project.

3.3 Geologic Structure

The regional geological structure was introduced above in the geological Setting. The project
mea is near the crest of the Wilmington Anticline (Figure 5) which is a west-northwest trending
fold in the Tertiary-age strata (Figure 6). As shown on Figure 6, the Holocene and late
Pleistocene strata (Lakewood Formation) form a thin veneer across the Wilmington fold and
appear to be unaffected by the deeper folding and faulting.

There are no known active faults at the project site. The nearest major active faults are the Palos
Verdes fault to the southwest and the Newport-Inglewood (Cherry Hill segment) to the northeast
(Figures 5 and. 6). The Thums-Huntington Beach fault is deep below the surface (Figure 6). This
fault is a thrust fault dipping northeasterly at about 25-35 degrees. Some geoscientists suspect the
fault is a potentially active blind thrust fault but high-resolution geophysical data clearly show
the fault does not displace sediments younger than 3 or 4 million years old (Schell, 2007).
Furthermore, the fault displacement diminishes toward the northwest and is virtually nil under
the project area (Figures 5 and 6).

3.4 Seismicity

The project site is in seismically active southern California. The present-day seisrnotectonic
stress field in the Los Angeles region is one of north-northeasterly compression. This is indicated
by the geologic structures, by earthquake focal-mechanism solutions, and by geodetic
measurements. These data suggest crustal shortening of between 5 and 9 mm/yr across the
greater Los Angeles mea (Argus et al., 1999).

Historical earthquake epicenter maps show widespread seismicity throughout the region. The
larger earthquakes are shown on Figure 7. Earthquakes in the region occur primarily as loose
clusters along the Newport-Inglewood Structural Zone, along the southern margin of the Santa
Monica Mountains, along the northern side of the San Fernando Valley, the southern margin of
the San Gabriel Mountains, and in the Coyote Hills-Puente Hills mea. Although historical
earthquakes have occurred in proximity to known faults, they me often difficult to directly
associate with mapped faults unless there was a surface rupture or a robust sequence of
aftershocks. Ward (1994) estimated that about 40 percent of seismic moment can not be
correlated with known faults. Part of the correlation difficulty is due to the fact that the basin is
underlain by the subsurface blind thrust faults that are not likely to be discovered until they
rupture during an earthquake,
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The largest historical earthquakes in the region were the 1994 Northridge and the 1971 San
Fernando earthquake both of which occurred north of the Los Angeles Basin (Figure 7). The
1994 earthquake had a moment magnitude (MW) of about 6.7 (MS = 6.8, ML = 6.4), and
occun'ed on a southerly dipping subsurface fault which was unknown prior to the earthquake.
The main shock occurred at a depth of about 12 miles below the community of Reseda in the San
Fernando Valley. Earthquake aftershocks clearly defined the rupture surface dipping about 35
degrees southerly from a depth of about 1 or 2 miles to 14 miles (Hauksson, 1995). The
causative fault was never identified with certainty, but it may have been on the eastem extension
of the Oakridge fault (Yeats and Huftile, 1995), a southerly dipping fault bounding the Ventura
Basin and dipping under the Santa Susana Mountains.

The 1971 San Fernando earthquake was of similar size (MW = 6.7, MS = 6.4, ML = 6.4) to the
1994 event but did involve surface rupture. The 1971 event OCCUlTed on a northerly dipping
thrust fault that dips from the northem side of the San Fernando Valley to a depth of about 9
miles under the San Gabriel Mountains. Several mapped surface faults such as the Sylmar fault,
Tujunga fault, and Lakeview fault were involved. These faults are commonly considered to be
part of the Sierra Madre fault system which extends easterly along the southern margin of the
San Gabriel Mountains from the San Fernando Valley to the north side of the San Gabriel
Valley, and to the Cucamonga fault in the San Bernardino area.

The largest historical earthquake in the Los Angeles region to have a major impact on the site
area was the 1933 Long Beach event which had a magnitude of about MW = 6.4 (ML = 6.3).
This earthquake did not rupture the surface but is believed to have been associated with the
Newport-Inglewood Structural Zone because of the distribution of aftershocks and the
abundance of ground disturbances in proximity to the fault zone (Figure 7). Although ground
failures were abundant along the NISZ trend, no unequivocal surface rupture was identified
(Benioff, 1938), Reevaluation of the seismicity data by Hauksson and Gross (1991) led to
relocation of the 1933 earthquake hypocenter to a depth of about 6 miles below the Huntington
Beach-Newport Beach city boundary.

The 1987 Whittier earthquake tML = 5.9, MW = 5.9) occurred on subsurface faults dipping
under the Puente Hills to about 10 miles beneath. the San Gabriel Basin (Shaw and Shearer,
1999; Shawet aI., 2002). This zone of faults is referred to as the Puente Hills blind thrust fault
system (Figure 4). This event did not rupture the ground surface.

Another significant earthquake in the Los Angeles region was the 1812 earthquake which caused
damage at the San Juan Capistrano Mission. The location and magnitude of the 1812 earthquake
are unknown because of the sparse population at the time, but geological studies (Jacoby et aI.,
J988; Weldon et al., 2004) postulated that it did not occur in the Los Angeles Basin area, but
rather, was a large (M> 7.0) distant event on the San Andreas fault in the Wrightwood area ofthe
San Gabriel Mountains.

The earliest documented earthquake in the region was reported by the Spanish Portola'
expedition as they camped near the Santa Ana River in 1769. This event has been attributed by
various geoscientists to just about every fault in the Los Angeles area but it could just as well
have been a distant event that shook a wide area as did the 1971 San Fernando, the 1987
Whittier, and the 1994 Northridge events, as well as many other more-distant events (for
example, the 1812 or 1992 Landers events).
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3.5 Geologic Hazards

3.5.1 Surface Fault Rupture

No surficial faults are known at the site, therefore the potential for ground rupture due to faulting
is negligible. The nearest major faults with a known potential for surface rupture are the
Newport-Inglewood zone to the northeast and the Palos Verdes Hill fault to the southwest
(Figures 4, 5, and 6).

3.5.2 Subsidence

The ground surface in the Long Beach Harbor area has undergone substantial lowering during
the 20th century due to subsidence of the sediments and rocks underlying the area. Some of this
subsidence may have been due to natural causes (e.g. natural ground-water decline, sediment
compaction, tectonics, 1933 Long Beach earthquake). Harris (1945) estimated natural subsidence
of about half an inch per year. The principal cause of the subsidence has been attributed to
withdrawal of oil and gas (Allen, 1984; Strehle, 1987), but ground-water extraction undoubtedly
contributed, perhaps 2 feet out of the 29 feet (7%), to the total subsidence.

Subsidence accelerated with development of the Wilmington oil field in 1936. The area of
subsidence forms a circular or bowl-shaped area centered on the northeast comer of Terminal
Island (Figure 8A). The maximum subsidence in the center of the subsidence bowl is about 29
feet. Subsidence along the Heim Bridge project corridor in the western part of the subsidence
bowl was about 14 feet (Figure 8A). The maximum rate of subsidence reached about 2.4 feet per
year by 1951. The subsidence was so great that dikes had to be built within the harbor area to
prevent flooding by sea water. Some of the subsided areas behind the dikes have recently been
filled bringing the ground surface back to above sea level (~ +15 feet).

Subsidence was arrested by restoring pressure to the oil zones through injection of water into the
oil wells. This has not only stopped subsidence but has resulted in some rebound, and also has
been of economic benefit by driving more oil to the producing wells. Initial injection began in..
1953 but was not fully established until about 1958; by 1961 injection was widespread.
Cessation of subsidence occurred within a couple years. Elevation rebound was noticed in 1958
and reached a maximum by about 1964 with only minor fluctuations since. Maximum elevation
rebound has been about 1.6 feet along Anaheim Street, and at the Heim bridge about 1.2 feet
(Figure 8B).

The subsidence did not cause significant damage to most surface facilities but it did damage oil
wells at about 1,500-2,000 feet depth, and induced several small earthquakes. In all, about 500
wells were damaged. Some of the oil well casings were sheared off or so severely damaged that
the wells had to be abandoned and redrilled.

Mathematical calculations indicate that up to 66 feet of subsidence could occur if allowed to
continue unchecked. To prevent and control further subsidence, injection must be maintained
even after cessation of fluid withdrawals. The City of Long Beach Gas and Oil Department
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(LBGOD) surveys elevation changes twice a year, and monitors oil field fluid injection designed
to correct elevation changes. The LBGOD estimates survey accuracy of about 0.24 inches; areas
are considered to be stable if elevation changes are less than that (LBGOD, 2009). Bench marks
rise and fall in a somewhat random manner that is not completely understood but injections do
seem to correct elevation changes. The correlation between injection and elevation rebound
appears to be good, but it may take a few months to a year or so to be fully realized.

There are 3 "index" bench marks near the Heim Bridge; one at the north abutment and two more
a little farther to the north. Several other bench marks are scattered around the bridge area. Based
on measurements of these benchmarks, it appears that subsidence of the Heim Bridge area has
resumed since 1995 and total subsidence of about 2 feet has been observed in the Heim Bridge
area since 1995. During the recent years, the annual subsidence rate seems to have decreased;
Measurements were approximately 0.6 in. during the period between May 2007 and April 2008
and about 0.2 in during the period between November 2008 and April 2009 (LBGOD, 2009).

3.5.3 Flooding

The flood inundation map in the Los Angeles County safety element of the General Plan (1990)
indicates there is a flooding potential at the project site from failure of Hansen Dam which is in
the San Fernando Valley. However, the reservoir volume, even in the extremely rare case of
when it is full, is quite small and it is difficult to imagine that a significant flood surge could be
maintained across the flat open terrain for the 30 + miles across the San Fernando Valley and
Los Angeles Basin; therefore, the potential for flooding of the site is considered low.

3.5.4 Tsunami and Seiche

Tsunamis are sea waves generated by submarine earthquakes, landslides, and volcanic eruptions.
Seiches are waves internal to an enclosed or highly restricted body of water that wash back and
forth across the basin. Smaller tsunamis may be common but their run-ups are no more than
typical tidal fluctuations so they do not cause significant damage. Generally, damaging tsunamis
are caused by submarine earthquakes with a magnitude of about 7 or larger.

Most tsunamis to affect the Los Angeles-Long Beach harbor areas have been generated by
distant earthquakes although California has had few locally generated, historic tsunamis, namely
the 1812 Santa Barbara earthquake and the 1927 Point Arguello earthquake. According to
Houston (1979), the Los Angeles Harbor is within Tsunami Zone 2 (out of 5 zones with 5 being
the worst) indicating a potential for water run-ups of 5 to 15 feet.

California has been struck by several other significant tsunamis generated in the northern Pacific
(for example, the 1946 Aleutian earthquake of Mw = 7.8 and 1964 Alaska event of Mw = 9.2);
and in the southern Pacific (1922 Chile earthquake ofMw = 8.4 and the 1960 Chile event ofMw
= 9.5). The 1964 Alaska earthquake caused severe damage and 15 fatalities in northern
California. In southern California, the most serious recorded tsunami was generated by the 1960
Chile earthquake. The greatest damage OCCUlTed in the Long Beach-Los Angeles Harbor where
5-foot-high seiche waves surged back and forth in the channels, Currents of 12 knots were
reported as the water rose and fell rapidly. A 6-foot drop in water level OCCUlTed in 1 minute at
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Long Beach and 3 foot drop in 5 minutes along the Cerritos Channel. The currents tore some 300
small boats and yachts from the slips and as many as 30 were sunk. Damage was estimated at
between $500,000 to over $1,000,000.

A comprehensive tsunami analysis for the ports of Long Beach and Los Angeles by Moffat &
Nichol (2007) basically confirmed the tsunami hazard from distant events. The analysis included
tsunamis generated by local sources such an earthquakes in the nearby offshore Southern
California Continental Borderland, and by landslides off the Palos Verdes shelf. No tsunamis
have been documented from such local events during historical times. These events are
extremely rare with recurrence intervals up to about 10,000 years. The results of the analysis
indicate that the maximum water level within the Cerritos channel near Heim bridge could be as
high as about 11 feet. Current speeds should be less than about 3 ft/sec.
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4.0 SUBSURFACE CONDITIONS

4.1 Subsurface Conditions

Soil stratigraphy is defined by the available soils information and the exploratory borings and
CPT soundings (described in Section 2) performed under the supervision of EMI personnel for
the project. Within the depths explored (down to about elevation -149 ft), the subsurface profile
consists of about 75ft of interlayered alluvial deposits overlying Gaspur Formation sand.

At the subject site, natural grade lies at an elevation of about zero, with a few feet of irnport fill
for the existing northem approach embankment to Schuyler Heim Bridge extending to a
maximum elevation of about +6 ft along the proposed alignment of the two walls. The near
surface deposits consist of silty sand and sandy silt between natural grade and about elevation 
4 ft. The near surface deposits are underlain by a thick strata of inter-layered medium stiff to stiff
silt, sandy silt, and some clay and loose to medium dense silty sand down to about elevation 
55 ft. Below elevation -55 ft, lies the Gaspur Formation which consists of dense to very dense
sand and silty sand within the depths explored.

It should be noted that the above soil description is general and is intended to describe the
subsurface in very broad terms. The soil descriptions above should not be construed to mean that
the subsurface profile is uniform and that soil is homogeneous within the project area. For details
on the stratigraphy at each borehole location, refer to the LOTB sheets at the end of the report.

4.2 Groundwater Conditions

During the EMI investigation in 2009, groundwater was recorded in all four of the borings
performed near the proposed walls between elevation -1.6 ft and -11.9 feet. The elevation that
groundwater was encountered in each boring is listed in Table 2 and also on LOTB sheets at the
end of the report. However, due to the proximity of the site to the Cerritos Channel, where the
water elevation is dictated by tidal fluctuations, higher groundwater elevations than those
encountered during the field investigation are likely.

Based on the observed high water groundwater elevation for the Cerritos Channel, the design
groundwater was placed conservatively at elevation +5 ft or the ground surface in locations
where finished grade is proposed to be below elevation +5 ft.

4.3 Idealized Soil Profile

Based on information collected from borings R-09-035, R-09-036, A-09-058, A-09-059 and CPT
sounding CPT-09··099 an idealized soil profile for foundation analysis and design was developed
along the alignment of the proposed walls. The subsurface profile beneath the proposed
structures is shown in Figure 9. The soil profile and design strength parameters are presented
below in Table 4.
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TABLE 4. IDEALIZED SOIL PROFILE AND PARAMETERS

Approx. Elev. (ft) Predominant Soil Type
Total Unit

Weight
(lb/ft3

)

Cohesion
(lb/ft2

)

Friction
Angle

(degree)

+2.0 to -5.0 Silty Sand / Sandy Silt 120 0 32
--"---'-'-"'-"-'-'-"-"--"-'~'-'-~-'-'-"-'------_._---- --_.._--_.__..._--_.__._.-------_._----_._.------_._.._.._----_.__..--

-5.0 to -30.0 Clayey Silt / Sandy Silt 120 650 0
_.__._..__.'._.,--"_.,,-----,-----._-'.-,--------------_._-------~-_ .._----_._--,--_.__..._---_._--_._-_.._-..._..---_..

-30.0 to -40.0 Silty Sand / Sandy Silt 120 0 30----_._-,-..__._._-_._-----_._---,._, .._-- -_._----_..._-------_._--.__._------,---_._._._---_ ..---_.._--_._.._-_.-
0040.0 to-50,0 Clayey Silt / Lean Clay / Silty Clay 120 2,500 0

....---....-------.-..-----.-----.----.-------------.-..-...--..-----.---------...----..- ..-----..----------
-50.0 to -65.0 Silty Sand 120 0 34

.---_ ..._.__._-_.._--.'-"--_._..•__._-,,_._---_._---------,--_.._- ...._-,-.-,,_._,----_.._-,-_._--_.._--_._------,_...,---,._----
-65.0 to -100.0 Sand / Sand with Silt / Silty Sand 125 0 38
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5.0 CONCLUSIONS AND RECOMMENDATIONS

5.1 Seismic Evaluation

As part of EMI's scope of work for the Schuyler Heim Bridge (Replace) project, a ground
motion study was performed in accordance to with the 2009 Caltrans Seismic Design Criteria
(Caltrans, 2009). Due to the weak near surface deposits encountered throughout the project area,
a site response analysis was performed to develop the design acceleration response spectra.

As described in Section 2, down-hole shear wave velocity measurements were taken in six ofthe
rotary wash borings performed along the mainline bridge alignment. Shear wave velocity
profiles were generated for the upper 30 meters (100 ft) of the soil profile and input into the
program SHAKE91 along with the seven sets of spectrum compatible time histories to develop a
site specific ARS spectrum. The design ARS spectrum was generated by enveloping the mean
plus one standard deviation surface ground accelerations from the SHAKE analysis. Details of
the site specific ground motion study are summarized in a memorandum prepared by EMI, which
is included in Appendix E.

The site response analysis, performed in accordance with the 2009 SDC, results in a peak ground
acceleration (PGA) of 0.5g for the site. Liquefaction potential and seismic settlement analysis
were performed using a PGA of 0.5g resulting from a magnitude 7.0 event. Pseudo-static global
stability analyses were performed using a seismic coefficient of 0.17 equal to one-third the PGA
in accordance with Caltrans guidelines (Caltrans, 2006e).

Ground Rupture: No known active surface faults traverse the project area. The Califomia
Division of Mines and Geology has not identified Alquist-Priolo Fault Zones through or in the
proximity of the site. Therefore, the risk of ground surface rupture and related hazards is
considered low.

5.2 Soil Liquefaction Potential and Seismically-Induced Settlement

The liquefaction potential of the saturated, granular materials below the water table was
evaluated using the procedures outlined by Seed et a1. (1983) and updated by NCEER (1997) and
Youd et al. (2001). For liquefaction potential evaluation of clayey soils, the procedure outlined in
Boulanger and Idriss (2006) was used. The seismically-induced soil settlement was estimated
using the procedures outlined by Tokimatsu and Seed (1987). As discussed in Section 4.2, the
design groundwater was assumed to be at the lower of elevation +5 ft or the ground surface for
the liquefaction potential evaluation.

Layers, pockets and lenses of saturated coarse-grained alluvial deposits above the dense Gaspur
Formation (located below approximate elevation -55 ft) are expected to be susceptible to
liquefaction. Seismically induced-settlements of a few to several inches are anticipated. The
elevations of the potentially liquefiable material and the corresponding anticipated seismic
settlements are shown in Table 5. The location of the potentially liquefiable material during the
design earthquake is also identified in the subsurface profile shown in Figure 9.
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TABLE 5. LIQUEFACTION AND SEISMIC SETTLEMENT ANALYSIS RESULTS

Boring/CPT
Sounding No.

Approximate Elevations of
Liquefiable Zones

(ft)l

Layer Approximate
Seismically induced
Settlement (inches)

Total Approximate
Seismically induced
Settlement (inches)

R-09-035

R-09-036

A-09-058

A-09-059

CPT-09-099

+2 to -5 0.7---- -----_..._----_._--_._.__...__...._.__._.._...._.....-._...

-25 to -40 5.6

-19to-29 1.4
-----------_.__._-.'--._-_...._---_._---- ......__._ ...._....--.--.---_......

-34 to -39 1.0

-28 to -48 5.6

-2 to -7 1.4--------_. . _ __ ..

-32 to -37 1.5

-3.0 to -8.6 0.7
...__._--------_._-------_._--_ _-_.__ __.-.._....•-._- _-_.

-32.1 to -38.5 0.3_..__ _.__ _--_ _._ _--_.._----_ _._-_ _-_ _ __ .

-42.0 to -43.0 0.1

6.3

2.4

5.6

2.9

1.1

Notes: 1. Elevations are based on NAVD88.

5.3 Soil Corrosivity

Samples representative of soils throughout the project area were tested to determine corrosivity
including minimum resistivity, pH, soluble sulfate content, and soluble chloride content. Six soil
samples were tested for corrosivity using the procedures described in California Test methods
417, 422, 532, and 643. The pH was determined to vary between 7.7 and 8.7, the minimum
resistivities were 150 and 9,300 ohm-em, soluble chloride contents were 248 and 12,774 parts
per million (ppm) and soluble sulfate contents were 30 and 1,187 ppm.

According to Caltrans corrosion guidelines (Caltrans, 2003), soils are corrosive if the pH is 5.5
or less, or the chloride concentration is 500 parts per million (ppm) or greater, or the sulfate
concentration is 2,000 ppm or greater. Based on the test results, the on-site soils are considered
to be corrosive.

The backfill for the reinforced soil mass should conform to the corrosion requirements per
Caltrans Standard Special Provision (SSP) for MSE walls. For MSE walls with metallic soil
reinforcement, the permeable backfill material should meet the following requirements:
minimum resistivity of 2,000 ohm-em, chlorides less than 250 ppm, sulfates less than 500 ppm,
and pH between 5.5 and 10. Permeable material with geosynthetic soil reinforcement should
have a pH between 4.5 and 9.0.

5.4 Mechanically Stabilized Earth Wall Recommendations - Retaining Wall G 1

As described in Section 1.2, Proposed Retaining Wall G1 is located between approximate
Stations 618+33 and 622+22 ("G" Line). The retaining wall is approximately 389 ft long and
will vary in design height from 6 to 24 ft. Due to the presence of compressible soil, construction
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of the proposed SR-I03 On-Ramp embankment is expected to induce long-term consolidation
settlement within the footprint of the proposed approach. Several wall alternatives were
considered, and ultimately an MSE wall was selected because of its ability to tolerate substantial
amount of total and differential settlements.

The MSE wall should be designed based on Section 5 of the Caltrans BDS (Caltrans, 2004).

5.4.1 Lateral Earth Pressures

Using Section 5.5.5.8 of the Caltrans BDS (Caltrans, 2004), an active earth pressure coefficient
of 0.3 and a soil unit weight of 120 pcf is recommended for the proposed MSE wall (i.e., 36 pcf
equivalent fluid pressure), which retains level backfill. An additional lateral uniform pressure of
75 psf due to a traffic surcharge equivalent to a vertical pressure of 250 psf should be added to
the above lateral earth pressure values, where applicable. The lateral active earth pressure
resultant should be applied to the back of the MSE wall at Hl3 ft above the bottom of the wall (H
is the wall height in ft).

Per Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of earthquakes need to be
considered in the design of retaining walls which support bridge abutments, soundwalls, or other
installations for which there is a low tolerance for failure. Since the subject MSE wall does not
support any structure for which there is a low tolerance for failure, per Caltrans practice, the
MSE wall need not to be designed for seismic earth pressures.

5.4.2 Bearing Capacity

,BearilJE-Capacity of MSE Structure: Using the maximum wall height of 24 ft and base width of
24 ft near the southern end of the wall at Sta. 618+40 ("G" Line), the bearing pressure induced
on the underlying foundation soil is 3.5 ksf. Using a base width of 24 ft and a remedial
excavation of 2 ft (see Section 5.4.8), the allowable bearing capacity of the soil directly beneath
the MSE wall is greater than 3.5 ksf. Therefore, the allowable bearing capacities exceed the
bearing pressures induced by the wall.

Bearing Capacity of Leveling Pad: Leveling pads should be embedded to a depth ofO.1H (where
H = height of wall in feet), but not less than 2 ft below lowest adjacent grade. Using a remedial
excavation of 2 ft below the leveling pad, the allowable bearing capacity for the leveling pad is
recommended to be 2.5 ksf.

Earth Mechanics, Inc.
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TABLE 6. MSE WALL Gl STABILITY ANALYSES

Approx.
"E"
Line

Station

426+06

Max MSE Bearing Capacity Global Stability
Wall Strap Factor of Safety Factor of Safety

Height Length
During During

(ft) (ft)
Surcharge

Permanent
Surcharge

Static(1) Psuedo-Static'"

24 24 1.25 2.2 1.25 1.7 1.3

Notes:

(1) Factor of safety based upon level backfill and 240 psf equivalent vehicle surcharge for static condition. No
vehicle surcharge for psueudo-static condition.

(2) Governing psuedo-static factor of safety based upon static horizontal inertial force equal to one-third the
peak design ground acceleration; 0.17g per Caltrans guidelines (2006e).

(3) Demand bearing pressures for MSE walls as shown in Catrans Bridge Design Aids, 2002 for Loading
Condition 1.

(4) A remedial overexcavation of 2 ft below the leveling pad and the MSE was considered in the analysis.

5.4.3 Settlement

Standard procedures were used to evaluate ground settlement of the underlying foundation soils
due to the proposed MSE and associated embankment fill placement. Generally, fills induce
immediate and consolidation settlement of underlying soils. Immediate settlement occurs during
grading and consolidation settlement occurs over varying time periods. Consolidation settlement
(magnitude and time period) is directly related to the depth of fill placed over compressible soil
and the thickness of compressible soil layers. Immediate settlement which is estimated to be
negligible in this case occurs during grading or shortly thereafter, while consolidation settlement,
which in this case is considerable, occurs over varying time periods.

One cross-section was selected to evaluate the potential settlement beneath the proposed wall
approximately 40 ft from the southern terminus ofthe wall near "G" Line Sta. 618+75.

Based on cross-sections provided by the roadway designers, the proposed embankment at "G"
Line Sta. 618+75 will be approximately 50 feet wide at the crest and the embankment height is
approximately 16 feet above existing grade. Based on our calculations, the maximum settlement
of soils underlying the proposed embankment is estimated to be about 9 inches. The settlement
period is estimated to be about 28 weeks to reduce the remaining long-term settlement to less
than ~-inch. If a 5-ft embankment surcharge is applied across the full proposed roadway width,
the settlement period is reduced to about 17 weeks. For a 7-ft embankment surcharge across the
full proposed roadway width, the settlement periods is reduced to about 16 weeks.

The surcharge heights referred to in these recommendations are measured relative to the finished
grade of the proposed embankments. Settlement periods with surcharge begin once the full
surcharge height is completed. Waiting periods without surcharge begin once the project grade is
constructed to the top of the finished subgrade.

Settlement Monitoring Recommendations: Based on our experience, the calculated settlements
and settlement periods are approximations of actual field observations. Due to the variability of
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subsurface conditions and the thinly layered nature of soil deposits, settlement monitoring is
recommended,

A settlement monitoring program should be implemented for the proposed MSE wall. Surface
monuments should be placed on the face of the MSE wall to measure any vertical or lateral
movement. In addition, surface settlement monuments, constructed in accordance with Caltrans
Standard Plan Sheet A74 or equivalent (Caltrans, 2006b), should be placed at the maximum wall
heights and at every 100 ft along the length of the MSE wall. The settlement monuments should
be installed in a timely manner upon completion of wall construction. Special care should be
exercised in the field to survey and protect these settlement devices. The monuments should be
monitored at the time of installation, on a weekly basis for a month, and then once every 2 weeks
thereafter until it has been verified by the Engineer that the remaining settlement for the
embankment is acceptable. The uppermost levels of wall facing, coping, roadway pavement,
hardscape, and any other improvements should not be constructed until the remaining settlement
is within acceptable limits (i.e., 'is-inch or less).

5.4.4 Overexcavation

Along the proposed wall alignment, the base of the MSE structure will be founded on native
soils. EM! recommends remedial grading consisting of a 2-ft overexcavation. The bottom of the
overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned to near
optimum moisture content, and compacted according to Caltrans Standard Specifications
(2006c). The overexcavation should be backfilled using granular, non-expansive soils. In the
event the bottom of remedial excavations become saturated due to the presence of shallow
groundwater or seepage, self compacting material such as gravel or lean concrete slurry can be
placed within the limits of the overexcation. The overexcavation should extend at least 2 ft
beyond the outer edge of the leveling pad and 2 ft beyond the back of the reinforced zone behind
the wall.

5.4.5 Global Wall Stability

The "global" stability of the Retaining Wall G1 was evaluated for both static and pseudo-static
conditions using the computer program GSTABLE7 (Gregory, 2006). Strengths of liquefiable
soils were estimated using the method outlined in Seed and Harder (1990). The material used for
the fill is assumed to have a friction angle of 32 degrees and minimum cohesion of 200 psf. The
cross-section selected for stability analysis was near "G" Line Sta. 618+75.

The soil strength within the reinforced earth zone is assumed to have a friction angle of 34
degrees and no cohesion. The in-situ shear strengths of existing fill material and in-situ native
soils vary and are provided in Table 4.

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability analysis for
the seismic condition was performed using the pseudo-static approach with a seismic coefficient
of 0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peale horizontal
acceleration (0.5 g, based on the site specific ground motion study, see Appendix F) but not
exceeding 0.2.
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According to the results of the analyses and Caltrans guidelines, the slopes meet the minimum
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the
seismic condition per Caltrans Foundation Design Guidelines (2006e).

5.4.6 Drainage

Sufficient drainage should be provided at the roadway surface of the embankment and between
the pavement structure and the top of the MSE Wall to minimize accumulation of water within
the MSE mass during the life of the structure,

5.5 Cantilever Retaining Wall Recommendations - Retaining Wall G2

As described in Section 1.2, Proposed Retaining Wall G2 is a Caltrans Type I Retaining Wall
located between approximate Stations 618+33 and 621+00 ("G" Line). The retaining wall is
approximately 266 ft long and will vary in design height from 8 to 12 ft. Based upon the
preliminary cross sections provided by the wall designers, the proposed wall will be embedded in
embankment fill placed as part of the project. Due to the limited wall heights and corresponding
demand toe pressures, spread footings are suitable for support of the proposed wall.

5.5.1 Lateral Earth Pressures

The proposed retaining wall will retain embankment fill material to be placed as part of the
project. Material placed behind the proposed retaining wall will be required to conform to
Section 19-3.06 of Caltrans Standard Specifications for structure backfill. A static active lateral
earth pressure of 36 psf per ft of depth is recommended for design of cantilever retaining walls
with a uniform lateral pressure of at least 72 psf due to vehicle surcharge load. This static active
lateral earth pressure is applicable for a free-draining and level backfill.

Per Section 5.5.4 of the Caltrans BDS (Caltrans, 2004), the effects of earthquakes need to be
considered in the design of retaining walls which support bridge abutments, soundwalls, or other
installations for which there isa low tolerance for failure. Since the subject MSE wall does not
support any structure for which there is a low tolerance for failure, per Caltrans practice, the
MSE wall need not to be designed for seismic earth pressures.

5.5.2 Spread Footings

Allowable Bearing Capacity: The material used for the fill is assumed to have a friction angle of
32 degrees and minimum cohesion of 200 psf. Based on the assumed soil parameters for the fill
material, the allowable soil bearing capacity is estimated tobe2;8ksf .The ultimate bearing
capacity (for seismic design) is three times the allowable bearing capacity.

Fill placed in the upper 2 ft below the footing should be compacted to at least 95% relative
compaction. The lateral extent of the 95% relative compaction should be at least 2 ft beyond the
edges ofthe footing.

Lateral active loads can be resisted by passive lateral earth pressure (against the side of buried
stem walls and spread footings) and friction acting along the base of footings. The passive lateral
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earth pressure can be determined using an average passive pressure of 3.0 ksf against the face of
the footing, assuming level ground in front of the retaining wall. The full passive resistance
against the face of the footing will be mobilized at a displacement equal to 4 percent of the
footing thickness. To determine the frictional resistance along the base of a footing, a coefficient
of friction of 0.35 between the concrete footing and the soil below the footing is recommended.
The sliding resistance of footings may be determined using 50% of the passive pressure and
100% ofthe friction along the base of the footing.

Settlement: Maximum total settlement under the allowable bearing capacity is estimated to be no
more than 1 inch.

5.5.3 Static Settlement

Standard procedures were used to evaluate ground settlement of the underlying foundation soils
due to the proposed MSE and associated embankment fill placement. Generally, fills induce
immediate and consolidation settlement of underlying soils. Immediate settlement occurs during
grading and consolidation settlement occurs over varying time periods. Consolidation settlement
(magnitude and time period) is directly related to the depth of fill placed over compressible soil
and the thickness of compressible soil layers. Immediate settlement which is estimated to be
negligible in this case occurs during grading or shortly thereafter, while consolidation settlement,
which in this case is considerable, occurs over varying time periods.

One cross-section was selected to evaluate the potential settlement beneath the proposed wall
approximately 40 ft from the southern terminus of the wall near "Goo Line Sta. 618+75.

Based on cross-sections provided by the roadway designers, the existing embankment at "G"
Line Sta. 618+75 will be approximately 50 feet at the crest and the embankment fill height is
approximately 16 feet above existing grade. Based on our calculations, the maximum settlement
of soils underlying the proposed embankment is estimated to be about 12 inches. However, since
Caltrans Type 1 retaining walls have a limited settlement allowance, the surcharge and
settlement period recommended for the MSE wall G1 embankment (see section Section 5.4.3)
should be completed prior to construction of Retaining Wall G2. MSE Wall G1 should be
constructed and the surcharge placed across the entire embankment roadway width. Once the
settlement period has elapsed or the surcharge has been released, the portion of the embankment
near Retaining Wall G2 can be excavated down to the footing elevation, and Retaining Wall G2
can be constructed.

Settlement Monitoring Recommendations: Surcharge placement and monitoring of settlement
will occur following the embankment and MSE Wall G1 construction, prior to construction of
Retaining Wall G2. Refer to Section 5.4.3 for settlement monitoring recommendations.

5.5.4 Global Wall Stability

The "global" stability of the Retaining Wall G2 was evaluated for both static and pseudo-static
conditions using the computer program GSTABLE7 (Gregory, 2006). Strengths of liquefiable
soils were estimated using the method outlined in Seed and Harder (1990). The material used for
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the fill is assumed to have a friction angle of 32 degrees and minimum cohesion of 200 psf. The
cross-section selected for stability analysis was near "G" Line Sta. 618+75.

The soil strength within the reinforced earth zone is assumed to have a friction angle of 34
degrees and 200 psf cohesion. The in-situ shear strengths of existing fill material and in-situ
native soils vary and are provided in Table 4.

Slope stability analyses were conducted for the static condition including a 2 ft soil surcharge to
represent traffic loading. In accordance with Caltrans Guidelines (2006e), stability analysis for
the seismic condition was performed using the pseudo-static approach with a seismic coefficient
of 0.17; Caltrans guidelines require a seismic coefficient equal to one-third the peak horizontal
acceleration (0.5 g, based on the site specific ground motion study, see Appendix F) but not
exceeding 0.2.

According to the results of the analyses and Caltrans guidelines, the slopes meet the mnnmum
required factor-of-safety for deep-seated failure of 1.5 for the static condition and 1.1 for the
seismic condition per Caltrans Foundation Design Guidelines (2006e).
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6.0 CONSTRUCTION CONSIDERATIONS

All work should be performed in accordance with the Caltrans Standard Specifications (Caltrans,
2006c) except as indicated in the Special Provisions prepared for the project improvements.

6.1 Earthwork

6.1.1 General

Earthwork should be performed in accordance with Section 19 of the Caltrans Standard
Specifications (Caltrans, 2006c). Appropriate measures should be taken to prevent damage to
adjacent existing structures and utilities. Design and construction of temporary slopes or shoring
should be made the contractor's responsibility. It should be noted that it is the responsibility of
the contractor to oversee the safety of the workers in the field during construction. The contractor
shall conform to all applicable occupational safety and health standards, rules, regulations, and
orders established by the State of California. In addition, other State, County, or Municipal
regulations may supersede the recommendations presented in this section. If a trench shoring
design and safety plan is required, the geotechnical consultant should review the plan to confirm
that recommendations presented in this report have been applied to the design.

Heavy construction equipment should not be used immediately adjacent to shoring due to large
lateral pressures induced by such equipment unless the shoring is designed to accommodate
resulting pressures. Excavated soil or construction materials should not be stockpiled adjacent to
shoring or open excavations. Stockpiled soil and construction materials should be set back a
distance at least equal to the height of the excavation.

In fill areas, complete removal of compressible surficial materials including vegetation, topsoil,
loose or soft alluvium, and otherwise unsuitable material is required prior to fill placement. A
minimum overexcavation of 2 ft is recommended within all areas to receive compacted fill; the
overexcavation should extend horizontally a minimum distance of 2 ft from edges of new fills or
structures. Actual depths and extent of the required removals should be determined in the field
by qualified geotechnical personnel. Overexcavated areas should be cleaned of loose soils and
debris and should be observed to be firm and unyielding before receiving fill. The bottom of the
overexcavation should be scarified to a minimum depth of 8 inches, moisture conditioned to near
optimum moisture content, and compacted in place to at least 90 percent relative compaction.

6.1.2 Cuts and Excavations

Preliminary plans do not show any permanent cuts necessary to achieve finish grades. However,
temporary cuts may be required to facilitate the construction of proposed improvements.
Temporary excavations, including temporary sloping or shoring, will need to be designed by the
contractor for local and global stability, once the means and methods of construction are
determined.
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6.1.3 Groundwater Control

Groundwater was encountered in all four of the borings performed near the proposed wall pair
between elevation -9.9 and -11.9 ft. Based on latest cross sections provided by the designers, the
bottom of proposed leveling pad varies between about elevation +2 and -4 ft. The deepest
excavation for the proposed MSE wall is expected to be a few feet above the observed
groundwater elevations. However, due to the proximity of the site to the Cerritos Channel where
the water elevation is dictated by tidal fluctuations, higher groundwater elevations than those
encountered during the field investigation are likely; therefore, the contractor should be prepared
to control groundwater during footing construction. Any groundwater encountered during
footing construction should be controlled in accordance with Section 19-3.04 of the Caltrans
Standard Specifications (2006c). Any seepage or groundwater removed from an excavation
should be tested and disposed of in compliance with all applicable local, state and federal
requirements. Free water should not be allowed to stand in any excavations. If excavations
become flooded, at least the bottom 6 inches of soil should be removed and replaced or re
compacted to 95 percent relative compaction. Additional removals may be required at the
discretion of the Engineer.

6.2 Review of Construction Plans

Recommendations contained herein are based on current design information. The geotechnical
consultant should review the final construction plans and specifications in order to confirm that
the general intent of the recommendations contained in this report have been incorporated into
the final construction documents"

6.3 Geotechnical Observation and Testing

Qualified geotechnical personnel should perform inspections and testing during the following
stages of construction:

• Grading operations, including excavations and placement of compacted fill.
• Placement of reinforcing elements for the MSE structure.
e Shoring installation,
• Removal or installation of support of buried utilities or structures.
• When any unusual subsurface conditions are encountered.
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APPENDIX A. EARTHSPECTIVES SPT HAMMER ENERGY MEASUREMENT
REPORT



EARTHSPECTIVES
250 Goddard
Irvine, California 92618

Phone: (949) 777-1270
Fax: (949) 777-1283

November 12, 2009
EarthMechanic, Inc.
17660 Newhope, Suite E
Fountain Valley, California 92708

Attention: Mr. Ranjan Guneranjan

Dear Ranjan:

SPT Hammer Energy Measurement
Borings A-09-053, R-09-004, and R-09-009
ACTA Schuyler Heim Bridge Replacement
Long Beach, California
ES Project No. 09095-141

INTRODUCTION

This letter report summarizes the results of EarthSpectives' (ES) SPT hammer energy measurements

performed at the subject site during subsurface soil exploration on October 13, 22, and 28, 2009. It

provides a description of the test program and results.

SPT energy measurements were accomplished using a Pile Driving Analyzer (PDA) system

manufactured by Pile Dynamics, Inc. and was conducted in general accordance with ASTM 4945 and

6066 test standards. Results are summarized in Table 1, while more details regarding energy records

are provided in Appendix A.

TESTING CONDITIONS

Test Borings
SPT hammer energy measurements were performed at three boring locations drilled by th ree different

drilling contractors. Hollow Stem Auger (HSA) drilling was performed at boring location A-09-053 by 2R

Drilling and samplers were advanced using a drill rig equipped with a Automatic trip hammer and NWJ

drill rod. Mud Rotary drilling was performed at both boring locations R-09-004 and R-09-009 by SoCal

Drilling and C&L Drilling, respectively. SoCal Drilling samplers were advanced using a drill rig

equipped with a Automatic trip hammer and HF2-5/8 drill rod, while C&L Drilling samplers were

advanced using a drill rig equipped with a Rope and Cat-Head hammer and unknown custom made

drill rod.

Instrumentation
SPT energy measurements were performed by placing a 2 ft instrumented section of drill rod at the top

of the drill string between the hammer and the existing sampling rods. The instruments co nsist of two
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sets of accelerometers and strain transducers, mounted on opposite sides of the drill rod, with a view

to evaluate normal and eccentric effects. The analyzer acquired and processed the signals during

sampling, and provided real-time evaluations of the maximum SPT hammer transferred energy. The

raw data were stored directly on a portable field computer for subsequent analysis in the office.

RESULTS

Results from SPT hammer energy measurements are summarized in Tables 1. It shows the Energy

Transfer Ratio (ETR) for every sampling depth. ETR is the ratio of the measured maximum transferred

energy to rated energy of the hammer which is the product of the weight of the hammer times the

height of fall (140 Ib x 30 inches = 4200 Ib-in = 0.35 kip-ft).

TABLE 1 - SUMMARY OF SPT HAMMER ENERGY MEASUREMTS

NOTE: Numbers m each cell are Mm, Max, and Avg efflciency for that sampling depth

AVERAGE SPT HAMMER EFFICIENCY
(ENERGY TRANSFER RATIO

SAMPLING DEPTH BORING A-09-053 BORING R-09-004 BORING R-09-009

(FT)
2R Drilling, Inc. So Cal drilling, Inc. C&L Drilling, Inc.

Hollow Stem Mud Rotary Mud Rotary
Automatic Trip hammer Automatic Trip hammer Rope and Cat-Head

Manual Hammer
5 77%, 92%, 87% -- --
10 72%, 95%, 87% 49%, 76%, 65% 50%, 64%, 58%
15 75%, 84%, 80% -- --
20 73%, 88%, 83% -- 48%, 69%, 61%
21 -- 77%, 80%, 79% --
25 71%,76%,74% -- --

30 70%, 86%, 82% 77%,81%,80% 49%, 69%, 58%
35 80%, 84%, 82% -- --
40 79%, 85%, 83% 77%, 84%, 82% 56%, 73%, 65%
45 81%, 86%, 84% -- --
50 78%,83%,81% -- --
56 -- 79%, 82%, 80% --
60 -- 78%, 85%, 83% 49%,74%,64%
70 -- 78%,81%,80% 51%,73%,59%
80 -- 76%, 83%, 82% 47%,78%,65%
90 -- 78%, 82%, 80% 41%,76%,54%
100 -- -- 51%, 76%, 63%
105 -- 75%,84%,81% --
110 -- -- 51%,81 %,66%
115 -- 76%, 80%, 79% --
120 -- -- 36%,78%,62%
125 -- 75%,81%,80% --
130 -- -- 51%, 80%, 68%
135 -- 73%, 80%, 78% --
140 -- -- 43%,70%,61%
145 -- 75%,81%,80% --
155 -- 78%,84%,81% 36%, 75%, 62%..

-2-



Plot of the maximum transferred energy, energy transfer ratio, and blow rate is provided as function of

blow number in Appendix A. Table immediately following the plot also provides the minimum,

maximum, and average values at each sampling depth in addition to raw data.

In general, average ETR values over each sampling depth ranged between 74 and 87 percent with an

overall average of 82 percent for boring hole A-09-053, between 65 and 83 percent with an overall

average of 79 percent for boring hole R-09-004, and between 54 and 68 percent with an overall

average of 62 percent for boring hole R-09-009.

LIMITATIONS

Professional judqments represented in this report are based on evaluations of the technical

information gathered, our understanding of the proposed construction, and our general experience in

the geotechnical field. We do not guarantee the performance of the project in any respect, only that

our engineering work and judgments are rendered while striving to meet the standard of care of our

profession at this time.

CLOSURE

It has been a pleasure serving you on this project and we look forward to working with you again.

Please call if you have any questions.

Sincerely Submitted for EarthSpectives

Hossein K. Rashidi, Ph.D., P.E.
Principal Engineer
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Pile: A-09-053 Proj: ACTA HElM BRIDGE PROJECT Pg1
Info: HOLLOW STEM SP: 0.492 k/ft~3

AR: 1.2 in~2 WS: 16808 ft/s
LE: 56.0 ft EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
-----------------------------------------------------------------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft 51- K-ft bl/min ksi ksi ksi0

1 4 5.00 AV 0.28 82 0 1. 50 204 54.7 20.06 20.13 6.81

25 4 10.00 AV 0.30 87 0 1. 54 216 52.6 20.27 20.36 5.80
MX 0.32 92 0 2.70 261 55.2 24.00 24.26 9.85
MN 0.27 77 0 1. 41 204 0.0 19.70 19.82 3.41

62 7 15.00 AV 0.30 87 0 2.83 266 53.3 24.22 24.36 5.75
MX 0.33 95 0 2.92 299 55.2 24.79 25.01 14.34
MN 0.25 72 0 2.16 252 0.0 22.26 22.28 3.10

76 2 20.00 AV 0.28 80 0 2.22 314 51. 6 21.17 21.22 11.75
MX 0.30 84 0 2.32 324 55.0 22.68 22.69 14.29
MN 0.26 75 0 2.16 299 33.8 5.0l 5.05 1. 41

113 7 25.00 AV 0.29 83 0 3.02 318 53.6 22.28 22.49 5.85
MX 0.30 88 0 3.24 332 55.4 22.69 22.94 14.43
MN 0.25 73 0 2.27 303 0.0 21.5l 21.70 2.08

140 5 30.00 AV 0.26 74 0 2.18 309 53.9 21.03 21.10 9.06
MX 0.30 76 0 2.29 319 54.2 22.26 22.37 12.58
MN 0.25 71 0 2.10 298 53.3 4.68 4.70 1. 80

153 2 35.00 AV 0.29 82 0 3.14 338 46.0 21. 50 21.63 7.73
MX 0.30 86 0 3.19 354 54.7 23.23 23.37 9.57
MN 0.24 70 0 3.01 261 0.0 4.52 4.57 2.90

158 1 40.00 AV 0.28 82 0 2.62 351 43.3 22.84 22.99 13.57
MX 0.29 84 0 3.16 361 54.4 23.20 23.33 15.32
MN 0.28 80 0 2.46 345 0.0 22.64 22.86 9.31

176 3 45.00 AV 0.29 83 0 2.98 360 51.4 22.73 22.89 8.15
MX 0.29 85 0 3.11 372 54.7 23.06 23.25 16.15
MN 0.27 79 0 2.50 347 0.0 22.24 22.29 7.37

186 2 50.00 AV 0.29 84 0 2.57 363 49.0 22.94 23.10 14.04
MX 0.30 86 0 2.89 375 54.6 23.38 23.42 15.32
MN 0.28 81 0 2.50 348 0.0 22.7l 22.83 10.26

203 2 58.50 AV 0.28 81 0 2.82 362 54.6 22.13 22.34 8.10
MX 0.29 83 0 2.87 372 55.0 22.7l 22.82 9.99
MN 0.27 78 0 2.74 349 54.2 21.74 21.93 7.46



Pile: A-09-053
Info: HOLLOW STEM

BL# COMMENTS
1 JC = 0.70
1 Sample at 5 ft

25 Sample at 10 ft
62 Sample at 15 ft
76 Sample at 20 ft

113 Sample at 25 ft
140 Sample at 30 ft
153 Sample at 35 ft
158 Sample at 40 ft
176 Sample at 45 ft
186 Sample at 50 ft

DRIVEN (2009-0ct-13 : A-09-053.MDF)

Proj: ACTA HElM BRIDGE PROJECT Pg2
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ACTA SCHUYLER HElM BRIDGE REPLACEMENT, BORING HOLE R-09-004.
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Pile: R-09-004 Proj: ACTA HElM BRIDGE PROJECT Pg1
Info: MUD ROTARY SP: 0.492 k/ft~3

AR: 1.4 in~2 WS: 16808 ft/s
LE: 163.0 it EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max F1 or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
-----------------------------------------------------------------------------
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft % K-ft bl/min ksi ksi ksi

1 2 10.00 AV 0.20 59 0 2.79 164 0.0 26.20 32.04 11.83

33 2 21.00 AV 0.22 65 0 3.39 171 39.1 29.39 33.69 12.31
MX 0.26 76 0 4.97 176 40.6 35.16 35.16 18.20
MN 0.17 49 0 1. 90 156 0.0 21. 85 21. 85 10.73

53 2 30.00 AV 0.27 79 0 5.19 163 38.4 33.90 33.90 18.14
MX 0.28 80 0 5.33 181 40.7 35.25 35.25 20.04
MN 0.27 77 0 4.95 156 0.0 31.94 31.94 16.83

85 3 40.00 AV 0.28 80 0 5.06 189 39.1 34.43 34.43 17.43
MX 0.28 81 0 5.14 192 40.5 35.24 35.24 20.17
MN 0.27 77 0 4.67 182 0.0 32.26 32.26 15.43

98 1 56.00 AV 0.28 82 0 4.69 207 35.4 32.93 32.93 19.77
MX 0.29 84 0 4.82 213 39.9 33.84 33.84 20.65
MN 0.27 77 0 4.52 184 0.0 32.31 32.31 16.68

120 5 60.00 AV 0.28 80 0 4.82 191 37.9 34.55 34.55 15.49
MX 0.28 82 0 4.93 202 39.9 35.30 35.30 21.62
MN 0.27 79 0 4.47 187 0.0 32.44 32.44 14.43

155 3 70.00 AV 0.29 83 0 4.53 215 39.0 32.96 32.96 18.89
MX 0.29 85 0 4.68 223 40.4 33.99 33.99 21.51
MN 0.27 78 0 4.06 206 0.0 31.25 31.25 15.91

177 2 80.00 AV 0.28 80 0 4.19 216 38.2 32.36 32.36 14.68
MX 0.28 81 0 4.28 223 40.4 33.53 33.53 17.11
MN 0.27 78 0 4.09 206 0.0 31. 54 31.54 13.13

261 8 90.00 AV 0.28 82 0 4.30 238 39.4 32.11 32.11 13.60
MX 0.29 83 0 4.44 246 40.1 33.19 33.19 16.14
MN 0.26 76 0 4.12 212 0.0 31.38 31. 38 11.96

333 4 105.00 AV 0.28 80 0 4.28 235 39.3 32.88 32.88 11.18
MX 0.28 82 0 4.89 242 40.1 34.28 34.28 14.93
MN 0.27 78 0 4.19 202 0.0 31.69 31.69 9.08

414 8 115.00 AV 0.28 81 0 5.01 208 39.2 32.5'1 32.54 12.80
MX 0.29 84 0 5.27 223 40.0 35.90 35.90 14.87
MN 0.26 75 0 4.60 150 0.0 28.9l 28.91 10.42

516 10 125.00 AV 0.27 79 0 5.39 163 39.3 36.22 36.22 12.06
MX 0.28 80 0 5.48 226 40.0 37.09 37.09 14.79
MN 0.26 76 0 4.70 157 0.0 32.53 32.53 9.07



Pile: R-09-004 Proj : ACTA HElM BRIDGE PROJECT Pg2
Info: MUD ROTARY
-----------------------------------------------------------------------------
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft % K-ft bl/min ksi ksi ksi
575 5 135.00 AV 0.28 80 0 5.14 210 38.6 35.68 35.68 12.65

MX 0.28 81 0 5.38 222 39.4 36.75 36.75 14.02
MN 0.26 75 0 4.96 154 0.0 34.28 34.28 11.15

654 7 145.00 AV 0.27 78 0 5.48 156 39.1 35.48 35.48 8.50
MX 0.28 80 0 5.57 190 39.9 36.26 36.26 11.96
MN 0.25 73 0 5.01 142 0.0 34.11 34.11 5.84

738 8 155.00 AV 0.28 80 0 5.11 194 39.0 34.13 34.13 7.09
MX 0.28 81 0 5.29 213 39.7 35.36 35.36 9.97
MN 0.26 75 0 4.02 185 0.0 32.39 32.39 4.89

830 8 165.95 AV 0.28 81 0 4.07 221 39.7 32.50 32.50 6.57
MX 0.29 84 0 4.26 232 39.8 34.26 34.26 9.64
MN 0.27 78 0 3.82 207 39.2 30.05 30.05 4.79

BL# COMMENTS
1 JC = 0.70

53 Sample at 30 ft
98 Sample at 56 ft

177 Sample at 80 ft
261 Sample at 90 ft
333 Sample at 105 ft
414 Sample at 115 ft
516 Sample at 125 ft
575 Sample at 135 ft
654 Sample at 145 ft
738 Sample at 155 ft

DRIVEN (2009-0ct-22 : R-09-004.MDF)
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Pile: R-09-009 Proj: ACTA HElM BRIDGE PROJECT Pg1
Info: MUD ROTARY- rope and cathead SP: 0.492 k/ft~3

AR: 1.4 in~2 WS: 16808 ft/s
LE: 165.0 ft EM: 30000 KSI
-----------------------------------------------------------------------------

EMX: Max Transferred Energy BPM: Blows Per Minute
ETR: Energy Transfer Ratio CSX: Max Measured C-Stress
E2F: UNDEFINED CSI: Max Fl or F2 C-Stress
EF2: Energy by F~2 Method TSX: Max Computed T-Stress
EV2: UNDEFINED
---------------------------------------------------------- -------------------

BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft s- K-ft bl/min ksi ksi ksi0

1 3 10.00 AV 0.20 55 0 2.10 0 24.0 28.27 28.27 0.00

34 3 20.00 AV 0.20 58 0 1. 94 127 36.6 18.84 18.84 4.18
MX 0.22 64 0 2.67 178 38.2 21.77 21.77 6.58
MN 0.17 50 0 0.00 0 24.0 6.34 6.34 0.55

56 2 30.00 AV 0.21 61 0 2.26 194 34.2 18.69 18.69 6.31
MX 0.24 69 0 2.96 247 37.1 23.57 23.57 8.24
MN 0.16 48 0 0.00 a 0.0 14.23 14.23 0.51

65 1 40.00 AV 0.20 58 0 1. 89 164 30.2 19.71 19.71 7.25
MX 0.24 69 0 2.60 231 36.5 21.02 21.02 10.52
MN 0.17 49 0 0.00 0 0.0 18.44 18.44 0.90

81 1 60.00 AV 0.22 65 0 2.65 212 32.7 18.96 18.96 7.92
MX 0.25 73 0 3.57 263 36.2 27.82 27.82 9.45
MN 0.19 56 0 0.00 2 0.0 3.14 3.14 0.46

110 2 70.00 AV 0.22 64 0 2.88 219 30.1 21.46 21.46 7.54
MX 0.26 74 0 3.81 262 36.1 29.54 29.54 8.88
MN 0.17 49 0 0.00 0 0.0 17.26 17.26 3.92

147 3 80.00 AV 0.20 59 0 2.23 187 36.3 20.16 20.16 7.94
MX 0.25 73 0 3.15 253 39.1 25.27 25.27 10.30
MN 0.05 51 0 0.00 0 0.0 8.30 8.30 2.89

229 8 90.00 AV 0.22 64 0 2.62 234 36.4 19.28 19.28 5.25
MX 0.27 78 0 3.46 306 38.6 27.34 27.34 7.73
MN 0.16 47 0 0.00 16 0.0 3.27 3.27 0.37

310 8 100.00 AV 0.19 54 0 2.71 245 33.4 21.08 21.08 2.78
MX 0.26 76 0 3.57 351 37.7 26.83 26.83 7.62
MN 0.14 41 0 2.20 22 0.0 5.52 5.52 0.89

394 8 110.00 AV 0.22 63 0 2.83 231 34.5 20.95 20.95 4.04
MX 0.26 76 0 3.90 287 36.8 29.25 29.25 7.67
MN 0.17 51 0 0.00 184 0.0 15.45 15.45 1. 54

481 8 120.00 AV 0.23 66 0 2.72 246 36.9 20.99 20.99 3.31
MX 0.28 81 0 3.48 308 39.7 26.42 26.42 5.42
MN 0.18 51 0 0.00 178 0.0 15.88 15.88 1. 42

591 11 130.00 AV 0.21 62 0 2.87 214 36.6 21.08 21.08 2.77
MX 0.27 78 0 4.16 259 38.7 30.5l 30.51 7.35
MN 0.12 36 0 0.00 123 0.0 13.80 13.80 1.12



Pile: R-09-009 Proj: ACTA HElM BRIDGE PROJECT Pg2
Info: MUD ROTARY- rope and cathead
-----------------------------------------------------------------------------
BL# depth TY EMX ETR E2F EF2 EV2 BPM CSX CSI TSX
end bl/ft ft K-ft 9- K-ft bl/min ksi ksi ksi0

687 9 140.00 AV 0.24 68 0 3.01 236 34.8 23.31 23.31 2.79
MX 0.30 80 0 3.69 303 38.8 28.09 28.09 5.59
MN 0.18 51 0 0.00 13 0.0 3.80 3.80 0.47

780 6 155.00 AV 0.21 60 0 2.86 188 38.0 20.27 20.27 3.95
MX 0.24 70 0 3.77 264 39.8 28.67 28.67 5.87
MN 0.15 43 0 0.00 1 36.0 4.85 4.85 0.56

840 6 164.57 AV 0.21 62 0 2.91 211 38.1 20.71 20.71 1. 88
MX 0.26 75 0 3.72 291 39.5 28.13 28.13 3.30
I'1N 0.12 36 0 1. 60 121 35.6 13.42 13.42 0.77

BL# COMMENTS
1 JC = 0.70

34 Sample at 20 ft
81 Sample at 60 ft

147 Sample at 80 ft
229 Sample at 90 ft
310 Sample at 100 ft
394 Sample at 110 ft
481 Sample at 120 ft
591 Sample at 130 ft
687 Sample at 140 ft
780 Sample at 155 ft

DRIVEN (2009-0ct-28 : R-09-009.MDF)
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INTRODUCTION

Boring geophysical measurements were collected in six uncased borings for the Schuyler Heim

Bridge Project at the Port of Los Angeles, California. Geophysical data acquisition was

performed between October 19 to November 6, 2009 by Victor Gonzalez and Charles Carter of

GEOVision. Data analysis was performed by Victor Gonzalez and reviewed by Robert Steller of

GEOVision. Report preparation was performed by Victor Gonzalez and reviewed by John Diehl

of GEOVision. The work was performed under subcontract with Earth Mechanics, Inc. (EMI)

with G. 1. Gunaranjan serving as the point of contact for EM!.

This report describes the field measurements, data analysis, and results of this work.

GEOVision Report 9375-01 rev a Page 5 of 72 Novem ber 11, 2009
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SCOPE OF WORK

This report presents the results of boring geophysical measurements collected between October

19 and November 6, 2009 in six 4 7/8 -inch uncased borings, as detailed in Table 1. The purpose

of the study was to supplement stratigraphic information obtained during EMI's soil sampling

program and to acquire shear wave velocities and compressional wave velocities as a function of

depth.

Coordinates and elevations provided by EMI

ELEVATION - FEET COORDINATES - FEET (I)

BORING DATES MLLW(1)

DESIGNATION LOGGED NORTHING EASTING

R-09-007 10/19/2009 -0.79 1,735,625 6,488,980
R-09-014 10/20 - 10/21/2009 -1.33 1,736,114 6,489,009
R-09-021 10/21/2009 7.31 1,736,864 6,488,921
R-09-022 11/02 -11/03/2009 -4.11 1,737,853 6,488,768
R-09-025 11/05/2009 -3.90 1,738,368 6,488,737
R-09-028 11/06/2009 -3.32 1,738,869 6,488,698

(I)

Table 1 Boring locations and logging dates

The OYO Suspension Logging System was used to obtain in-situ horizontal shear and

compressional wave velocity measurements at 1.6-foot intervals. The acquired data were

analyzed and a profile of velocity versus depth was produced for both compressional and

horizontally polarized shear waves.

A detailed reference for the velocity measurement teclmiques used in this study is:

Guidelines for Determining Design Basis Ground Motions, Report TR-I02293,

Electric Power Research Institute, Palo Alto, California, November 1993,

Sections 7 and 8.

GEOVision Report 9375-01 rev a Page 6 of72 November 11, 2009



INSTRUMENTATION

Suspension Instrumentation

Suspension soil velocity measurements were performed in all borings using the PS suspension

logging system, manufactured by OYO Corporation, and their subsidiary, Robertson

Geologging. This system directly determines the average velocity of a 3.3-foot high segment of

the soil column surrounding the boring of interest by measuring the elapsed time between

arrivals of a wave propagating upward through the soil column. The receivers that detect the

wave, and the source that generates the wave, are moved as a unit in the boring producing

relatively constant amplitude signals at all depths.

The suspension system probe consists of a combined reversible polarity solenoid horizontal

shear-wave source (SH) and compressional-wave source (P), joined to two biaxial receivers by a

flexible isolation cylinder, as shown in Figure 1. The separation of the two receivers is 3.3 feet,

allowing average wave velocity in the region between the receivers to be determined by

inversion of the wave travel time between the two receivers. The total length ofthe probe as used

in these surveys is 19 feet, with the center point of the receiver pair 12.1 feet above the bottom

end of the probe.

The probe receives control signals from, and sends the receiver signals to, instrumentation on the

surface via an armored 4 or 7 conductor cable. The cable is wound onto the drum of a winch and

is used to support the probe. Cable travel is measured to provide probe depth data, using a 3.28

foot circumference sheave fitted with a digital rotary encoder.

The entire probe is suspended in the boring by the cable, therefore, source motion is not coupled

directly to the boring walls; rather, the source motion creates a horizontally propagating

impulsive pressure wave in the fluid filling the boring and surrounding the source. This pressure

wave is converted to P and Swwaves in the surrounding soil and rock as it impinges upon the

wall of the boring. These waves propagate through the soil and rock surrounding the boring, in

turn causing a pressure wave to be generated in the fluid surrounding the receivers as the soil

GEOVision Report 9375-01 rev a Page 7 of 72 November 11, 2009



waves pass their location. Separation of the P and Swwaves at the receivers is performed using

the following steps:

1. Orientation of the horizontal receivers is maintained parallel to the axis of the source,

maximizing the amplitude of the recorded SH -wave signals.

2. At each depth, Swwave signals are recorded with the source actuated in opposite

directions, producing Swwave signals of opposite polarity, providing a characteristic Sw

wave signature distinct from the P-wave signal.

3. The 7.0-foot separation of source and receiver 1 permits the P-wave signal to pass and

damp significantly before the slower Swwave signal arrives at the receiver. In saturated

soils, the received P-wave signal is typically of much higher frequency than the received

SH-wave signal, permitting additional separation of the two signals by low pass filtering.

4. Direct arrival of the original pressure pulse in the fluid is not detected at the receivers

because the wavelength of the pressure pulse in fluid is significantly greater than the

dimension of the fluid annulus surrounding the probe, preventing significant energy

transmission through the fluid medium.

In operation, a distinct, repeatable pattern of impulses is generated at each depth as follows:

1. The source is fired in one direction producing dominantly horizontal shear with some

vertical compression, and the signals from the horizontal receivers situated parallel to the

axis of motion of the source are recorded.

2. The source is fired again in the opposite direction and the horizontal receiver signals are

recorded.

3. The source is fired again and the vertical receiver signals are recorded. The repeated

source pattern facilitates the picking of the P and Swwave arrivals; reversal of the source

changes the polarity of the Swwave pattern but not the P-wave pattern.

The data from each receiver during each source activation is recorded as a different channel on

the recording system. The Suspension PS system has six channels (two simultaneous recording

channels), each with a 1024 sample record. The recorded data are displayed as six channels with

a common time scale. Data are stored on disk for further processing. Up to 8 sampling sequences

can be summed to improve the signal to noise ratio of the signals.

GEOVision Report 9375-01 rev a Page 8 of 72 November 11, 2009



Review of the displayed data on the recorder or computer screen allows the operator to set the

gains, filters, delay time, pulse length (energy), sample rate, and summing number to optimize

the quality of the data before recording. Verification of the calibration of the Suspension PS

digital recorder is performed every twelve months using a NIST traceable frequency source and

counter, as outlined in Appendix B.

GEOVision Report 9375-01 rev a Page 9 of 72 November 11, 2009
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MEASUREMENT PROCEDURES

Suspension Measurement Procedures

Six 4 7/8-inch uncased borings filled with freshwater drilling mud were logged. Measurements

followed the GEO Vision Procedure for P-S Suspension Seismic Velocity Logging, revision 1.4.

Prior to each logging run, the probe was positioned with the top of the probe at the top of the

drilling mud tub, ground surface, or other stationary reference point. Subsequently, the electronic

depth counter was set to 8.2 feet, the distance between the mid-point of the receiver and the top

of the probe, minus the height of the stationary reference point, as verified with a tape measure,

and recorded on the field logs. The probe was lowered to the bottom of the boring or until the

probe descent was inhibited (i.e., R-09-014), stopping at 1.6-foot intervals to collect data, as

summarized in Table 2.

At each measurement depth the measurement sequence of two opposite horizontal records and

one vertical record was performed, and the gains were adjusted as required. The data from each

depth were viewed on the computer display, checked, and recorded on disk before moving to the

next depth.

Upon completion of the measurements, the probe zero depth indication at the stationary

reference point was verified and recorded on the field logs prior to removal from the boring.

Field data were backed up to USB flash drive each day upon completion of data acquisition.

DEPTH DEPTH TO
SAMPLEBORING TOOL AND RUN BOTTOM OF DATE

NUMBER NUMBER
RANGE

BORING
INTERVAL lOGGED(FEET)

(FEET) (FEET)

R-09-007 SUSPENSION PS 1 3.3 -136.2 150 1.6 10/19/2009

R-09-014 SUSPENSION PS 1 3.3 -118.1 165 1.6 10/20/2009

R-09-021 SUSPENSION PS 1 6.6 -154.2 170 1.6 10/21/2009

R-09-022 SUSPENSION PS 1 3.3 -162.4 175 1.6 11/02/2009

R-09-025 SUSPENSION PS 1 3.3 -160.8 175 1.6 11/05/2009

R-09-028 SUSPENSION PS 1 3.3 -162.4 175 1.6 11/06/2009

Table 2. Logging dates and depth ranges

GEOVision Report 9375-01 rev a Page 10 of 72 November 11, 2009
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DATA ANALYSIS

Suspension Analysis

Using the proprietary OYO program PSLOG.EXE version 1.0, the recorded digital waveforms

were analyzed to locate the most prominent first minima, first maxima, or first break on the

vertical axis records, indicating the arrival ofP-wave energy. The difference in travel time

between receiver 1 and receiver 2 (Rl-R2) arrivals was used to calculate the P-wave velocity for

that 3.3-foot segment of the soil column. When observable, P-wave arrivals on the horizontal

axis records were used to verify the velocities determined from the vertical axis data. The time

picks were then transferred into an EXCEL template (EXCEL version 2003 SP2) to complete the

velocity calculations based on the arrival time picks made in PSLOG.

The P-wave velocity over the 6.33-foot interval from source to receiver 1 (S-R1) was also picked

using PSLOG, and calculated and plotted in EXCEL, for quality assurance of the velocity

derived from the travel time between receivers. In this analysis, the depth values as recorded

were increased by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel

times were obtained by picking the first break of the P-wave signal at receiver 1 and subtracting

0.35 milliseconds, the calculated and experimentally verified delay from source trigger pulse

(beginning of record) to source impact. This delay corresponds to the duration of acceleration of

the solenoid before impact.

As with the P-wave records, using PSLOG, the recorded digital waveforms were analyzed to

locate the presence of clear Swwave pulses, as indicated by the pres.ence of opposite polarity

pulses on each pair of horizontal records. Ideally, the Swwave signals from the 'normal' and

'reverse' source pulses are very nearly inverted images of each other. Digital FFT - IFFT lowpass

filtering can be used to remove the higher frequency P-wave signal from the Swwave signal.

Generally, the first maxima were picked for the 'normal' signals and the first minima for the

'reverse' signals, although other points on the waveform were used if the first pulse was distorted.

The absolute arrival time of the 'normal' and 'reverse' signals may vary by +/- 0.2 milliseconds,

due to differences in the actuation time of the solenoid source caused by constant mechanical

bias in the source or by boring inclination. This variation does not affect the R1-R2 velocity
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determinations, as the differential time is measured between arrivals of waves created by the

same source actuation. The final velocity value is the average of the values obtained from the

'normal' and 'reverse' source actuations.

As with the P-wave data, Swwave velocity calculated from the travel time over the 6.33-foot

interval from source to receiver 1 was calculated and plotted for verification of the velocity

derived from the travel time between receivers. In this analysis, the depth values were increased

by 4.53 feet to correspond to the mid-point of the 6.33-foot S-R1 interval. Travel times were

obtained by picking the first break of the Swwave signal at the near receiver and subtracting

0.35 milliseconds, the calculated and experimentally verified delay from the beginning of the

record at the source trigger pulse to source impact.

These data and analysis were reviewed by Robert Steller as a component of GEOVision's in

house QA-QC program.

Figure 2 shows an example of R1 - R2 measurements on a sample filtered suspension record. In

Figure 2, the time difference over the 3.3-foot interval of 1.88 milliseconds for the horizontal

signals is equivalent to an Swwave velocity of 1745 feet/second. Whenever possible, time

differences were determined from several phase points on the Swwaveform records to verify the

data obtained from the first arrival of the Swwave pulse. Figure 3 displays the same record

before filtering of the Swwaveform record with a 1400 Hz FFT - IFFT digital lowpass filter,

illustrating the presence of higher frequency P-wave energy at the beginning of the record, and

distortion of the lower frequency Swwave by residual P-wave signal.
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RESULTS

Suspension Results..

Suspension RI-R2 P- and Swwave velocities are plotted in Figures 4, 5, 6, 7, 8, and 9. The

suspension velocity data presented in these figures are presented in Table 3, 4, 5, 6, 7, and 8,

respectively. These plots and data are included in the EXCEL analysis files transmitted

separately.

p, and Swwave velocity data from RI-R2 analysis and quality assurance analysis of S-RI data

are plotted together in Figures A-I through A-6 to aid in visual comparison. It should be noted

that RI-R2 data are an average velocity over a 3.3-foot segment of the soil column; S-RI data

are an average over 6.33 feet, creating a significant smoothing relative to the RI-R2 plots. S-RI

data are presented in Tables A-I through A-6, and included in the EXCEL analysis files.

Calibration procedures and records for the suspension PS measurement system are presented in

Appendix B.
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SUMMARY

Discussion of Suspension Results

Suspension PS velocity data are ideally collected in an uncased fluid filled boring, drilled with

rotary mud (rotary wash) methods, as were these borings. Thus data collected in these uncased

borings was of very good quality.

Suspension PS velocity data quality is judged based upon 5 criteria:

1. Consistent data between receiver to receiver (Rl - R2) and source to receiver (S - Rl)

data.

2. Consistent relationship between P-wave and SH -wave (excluding transition to saturated

soils)

3. Consistency between data from adjacent depth intervals.

4. Clarity ofP-wave and Swwave onset, as well as damping of later oscillations.

5. Consistency of profile between adjacent borings, if available.

These data show good correlation between Rl - R2 and S - Rl. Additionally, there is a good

correlation between P-wave and Swwave velocities, as both show similar velocity inflections.

Data from adjacent depth intervals are generally similar. P-wave and Swwave onsets are clear

and later oscillations are well damped.

Velocity profiles between borings in the study area are generally similar. All borings exhibit Sw

wave velocities ranging from approximately 200 - 300 fps near the surface, increasing to over

1,000 fps at depth. All borings show an increase to water velocities"in the P-wave profiles at 10

20 feet below ground surface (bgs). Adjacent borings R-09-007 and R-09-014 show a similar

decrease in P-wave velocity at approximately 45 - 55 feet bgs which typically indicates an

organic-rich zone.
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Quality Assurance

These boring geophysical measurements were performed using industry-standard or better

methods for measurements and analyses. All work was performed under GEO Vision quality

assurance procedures, which include:

• Use of NIST-traceable calibrations, where applicable, for field and laboratory

instrumentation

• Use of standard field data logs

• Use of independent verification of velocity data by comparison of receiver-to-receiver and

source-to-receiver velocities

• Independent review of calculations and results by a registered professional engmeer,

geologist, or geophysicist.

Suspension Data Reliability

p, and Swwave velocity measurement using the Suspension Method gives average velocities

over a 3.3-foot interval of depth. This high resolution results in the scatter of values shown in the

graphs. In uncased borings, individual measurements are very reliable, with estimated precision

of +/- 5%. Standardized field procedures and quality assurance checks contribute to the

reliability of the data.
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Diskette
CDR, or USB
Flash drive
with Data

OYO PS-170 or
Micrologger2
Logger/Recorder

Overall Length - 25 ft

4 or 7-Conductor cable

+----f~"-:"'--- Weight

+----f~i!'£--- Source Driver

___--H~~--- Upper Geophone

14-----t.i................--- Lower Geophone

+-----f~Y--- Source

M-----+.i......,.,.---- Filter Tube

CabIe Head -------,f.f--~ I

Head Reducer
-1+-+1

Or Telemetry
Unit

Figure 1: Concept illustration of P-S logging system
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Dep: 103.3
IJp : 7132
IJsn: 1745
IJsr: 1745

......J ~ -- ._-

1mIW"~.------,-_~~---.!6~.~80!!,~-.....,.__-,----JfI~.,Q8!L8~-__,__-~1lJ!8~.O~'8L--J!!!!!!!!!!!!I

Far9.~~O--t-r-l-----~/~Y1i
Fa~O.~:O_ i l-t~~~ HJ~~/JI~
Far5.~55 *~~1~~~~~1~Lj II I
Near HN ; ;; ~;; ;;/} ;;;

Near HR
-~---

. i11 1 il~ i i y-/I't---1'
Nea~.ri95~t--t1~\~rl\ I 1i I I I

Figure 2: Example offiltered (1400 Hz lowpass) record
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Dep: 1B3.3
Up : 7132
Usn: 1745
Usr: 1745

1B.BB8.BB6.BB
~ f i i

F HH ; ; ~ '1\ ~ I I !. if\--i(~ I

F~:9.:0 1~111! ~l \fr~ri1 ~ i
1B.14B ~

Fa\.~55 '-~+-Iv0N ,~~IMv1v~/, I I ,
Near HN I ri 11\~h\IP IIVII\1\ I /1 . \~ I t~J I I i

8 B3B -: 'i \/\ I II' \r~)1 II ~ IV t). -v ..~I yf'r.I'v 1 I r~\. /-"'-"-",~ ........j...-_• "I, p V [, '\ ;1,.1 "oJ , '(], ,-----, , ,"'"-,

, " ll'l I, 'IJV~ '" '"
Near U U/ ~'i"i)'1Ejl'\J~i N

1 !\fV\I ' i ~ I I I I I
5. B95 , " \ ~' " ,\.r--r..... " '"

I I II I I I I T I I I I

Figure 3. Example of unfiltered record

GEOVision Report 9375-01 rev a Page 18 of 72 November 11, 2009



I IUJlO:Ivl I"UIIIUGI UU- IL-J

SCHUYLER HElM BRIDGE BORING R-DS-D07
Receiver to Receiver V3 and Vp Analysis

20 ..... H
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100 -H-+-+-+tll-t-+-+-t-f-+-t--+-H--Hf-I-+-t-f-+-t--t-H--HI-:::bliR-f-f--I-I-i
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Q
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,
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VELOCITY (ftls)

20001000
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o

Figure 4: Boring R-09-007, Suspension R1-R2 P- and Swwave velocities
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Table 3. Boring R-09-007, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ftIs) (ftIs)

3.3 730 1470 0.34

4.9 510 1560 0.44

6.6 310 1810 0.49

8.2 220 2450 0.50

9.8 270 4760 0.50

11.5 320 4630 0.50

13.1 390 4690 0.50

14.8 450 4900 0.50

1604 510 4980 0.49

18.0 480 5380 0.50

19.7 390 5330 0.50

21.3 410 5250 0.50

23.0 490 5210 0.50

24.6 500 5330 0.50

26.3 520 5380 0.50

27.9 540 5330 0.49

29.5 510 5250 0.50

31.2 560 5130 0.49

32.8 610 5090 0.49

34.5 540 5050 0049

36.1 490 5050 0.50

37.7 520 4980 0.49

3904 520 5010 0049

41.0 540 4940 0.49

42.7 580 4900 0049

44.3 630 4390 0.49

45.9 600 4220 0049

47.6 530 4500 0049

49.2 500 4570 0049

50.9 580 4360 0.49

52.5 620 4360 0.49

54.1 660 4220 0.49

55.8 670 5130 0.49

5704 610 5130 0049

59.1 630 5170 0049

60.7 690 5130 0049

62.3 700 5130 0.49

64.0 720 5130 0.49

65.6 680 5050 0.49

67.3 740 5290 0.49

68.9 740 5210 0049

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

1.0 220 450 0.34

1.5 150 470 0.44

2.0 90 550 0.49

2.5 70 750 0.50

3.0 80 1450 0.50

3.5 100 1410 0.50

4.0 120 1430 0.50

4.5 140 1490 0.50

5.0 150 1520 0.49

5.5 150 1640 0.50

6.0 120 1630 0.50

6.5 120 1600 0.50

7.0 150 1590 0.50

7.5 150 1630 0.50

8.0 160 1640 0.50

8.5 160 1630 0.49

9.0 160 1600 0.50

9.5 170 1560 0.49

10.0 190 1550 0.49

10.5 170 1540 0.49

11.0 150 1540 0.50

11.5 160 1520 0.49

12.0 160 1530 0.49

12.5 160 1510 0.49

13.0 180 1490 0.49

13.5 190 1340 0.49

14.0 180 1290 0.49

14.5 160 1370 0.49

15.0 150 1390 0.49

15.5 180 1330 0.49

16.0 190 1330 0.49

16.5 200 1290 0.49

17.0 200 1560 0.49

17.5 190 1560 0.49

18.0 190 1580 0.49

18.5 210 1560 0.49

19.0 210 1560 0.49

19.5 220 1560 0.49

20.0 210 1540 0.49

20.5 220 1610 0.49

21.0 220 1590 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs V Ratio

(ft) (tus) (tus)

70.5 670 5130 0.49

72.2 720 5290 0.49

73.8 810 5330 0.49

75.5 710 5750 0.49

77.1 740 5700 0.49

78.7 740 5600 0.49

80,4 740 5420 0.49

82.0 780 5330 0.49

83.7 770 5560 0.49

85.3 770 5460 0.49

86.9 780 5510 0.49

88.6 770 5460 0.49

90.2 730 5420 0.49

91.9 720 5460 0.49

93.5 780 5700 0.49

95.1 770 5850 0.49

96.8 800 5800 0.49

98,4 950 5950 0.49

100.1 920 5900 0.49

101.7 920 5750 0.49

103.4 950 5700 0.49

105.0 940 5700 0.49

106.6 930 5750 0.49

108.3 910 5700 0.49

109.9 910 5850 0.49

111.6 840 6010 0.49

113.2 860 5900 0.49

114.8 960 5800 0.49

116.5 970 5700 0.49

118.1 970 5650 0.48

119.8 970 5560 0.48

121.4 1010 5700 0.48

123.0 1040 5700 0.48

124.7 1010 5700 0.48

126.3 1010 5750 0.48

128.0 1050 5950 0.48

129.6 1060 6230 0.48

131.2 1120 6170 0.48

132.9 1100 6410 0.48

134.5 1050 6350 0.49

136.2 1080 6540 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

21.5 200 1560 0.49

22.0 220 1610 0.49

22.5 250 1630 0.49

23.0 220 1750 0.49

23.5 230 1740 0.49

24.0 230 1710 0.49

24.5 230 1650 0.49

25.0 240 1630 0.49

25.5 230 1690 0.49

26.0 230 1670 0.49

26.5 240 1680 0.49

27.0 230 1670 0.49

27.5 220 1650 0.49

28.0 220 1670 0.49

28.5 240 1740 0.49

29.0 230 1780 0.49

29.5 240 1770 0.49

30.0 290 1810 0.49

30.5 280 1800 0.49

31.0 280 1750 0.49

31.5 290 1740 0.49

32.0 290 1740 0.49

32.5 280 1750 0.49

33.0 280 1740 0.49

33.5 280 1780 0.49

34.0 260 1830 0.49

34.5 260 1800 0.49

35.0 290 1770 0.49

35.5 290 1740 0.49

36.0 300 1720 0.48

36.5 300 1690 0.48

37.0 310 1740 0.48

37.5 320 1740 0.48

38.0 310 1740 0.48

38.5 310 1750 0.48

39.0 320 1810 0,48

39.5 320 1900 0.48

40.0 340 1880 0.48

40.5 340 1950 0,48

41.0 320 1940 0.49

41.5 330 1990 0.49
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SCHUYLER HElM BRIDGE BORING R-Q9-Q14
Receiver to Receiver Vs and Vp Analysis

o

20

40

60g
::E:

~
Q 80

100

120

~ ji

.111 ,Ai - r---. -i -
~ rt-

!!l!I;
~ ....

---ill- Near-Far Receivers, Vs m~
--m-- Near-Far Receivers, Vp

l
II

~
i:l:::

I-- t WI
I-- iii!<~

~

~~ i'-J

r-. IlII
II hill

~ 1\
J...

I_II
I p

~
~ ~
j 1-~

lIl
rm

140
e 1000 2000 3000 4000 5000

VELOCITY (ftls)
6000 7000

Figure 5: Boring R-09-014, Suspension R1-R2 P- and SH-wave velocities
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Table 4. Boring R-09-014, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (fUs) (fUs)

3.3 330 2350 0.49

4.9 560 2310 0.47

6.6 500 2980 0.49

8.2 280 5750 0.50

9.8 320 6060 0.50

11.5 330 4220 0.50

13.1 350 4760 0.50

14.8 370 5380 0.50

16.4 370 4900 0.50

18.0 420 5050 0.50

19.7 430 5290 0.50

21.3 400 5050 0.50

23.0 410 4980 0.50

24.6 450 5290 0.50

26.3 500 5380 0.50

27.9 530 5380 0.50

29.5 500 5380 0.50

31.2 520 5290 0.50

32.8 600 5380 0.49

34.5 630 5290 0.49

36.1 480 5130 0.50

37.7 460 4570 0.49

39.4 530 5290 0.49

41.0 540 5380 0.49

42.7 640 5290 0.49

44.3 670 5210 0.49

45.9 560 4980 0.49

47.6 520 4070 0.49

49.2 480 3470 0.49

50.9 510 4440 0.49

52.5 630 5380 0.49

54.1 650 5210 0.49

55.8 630 4830 0.49

57.4 650 4980 0.49

59.1 690 5380 0.49

61.0 670 5210 0.49

62.3 680 5290 0.49

64.0 720 5460 0.49

65.6 710 5290 0.49

67.3 730 5290 0.49

68.9 720 5460 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

1.0 100 720 0.49

1.5 170 710 0.47

2.0 150 910 0.49

2.5 90 1750 0.50

3.0 100 1850 0.50

3.5 100 1290 0.50

4.0 110 1450 0.50

4.5 110 1640 0.50

5.0 110 1490 0.50

5.5 130 1540 0.50

6.0 130 1610 0.50

6.5 120 1540 0.50

7.0 130 1520 0.50

7.5 140 1610 0.50

8.0 150 1640 0.50

8.5 160 1640 0.50

9.0 150 1640 0.50

9.5 160 1610 0.50

10.0 180 1640 0.49

10.5 190 1610 0.49

11.0 150 1560 0.50

11.5 140 1390 0.49

12.0 160 1610 0.49

12.5 160 1640 0.49

13.0 200 1610 0.49

13.5 200 1590 0.49

14.0 170 1520 0.49

14.5 160 1240 0.49

15.0 150 1060 0.49

15.5 160 1350 0.49

16.0 190 1640 0.49

16.5 200 1590 0.49

17.0 190 1470 0.49

17.5 200 1520 0.49

18.0 210 1640 0.49

18.6 200 1590 0.49

19.0 210 1610 0.49

19.5 220 1670 0.49

20.0 220 1610 0.49

20.5 220 1610 0.49

21.0 220 1670 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(ft) (ft/s) (ft/s)

70.5 700 5460 0.49

72.2 750 5460 0.49

73.8 850 5560 0.49

75.5 870 5750 0.49

77.1 840 5750 0.49

78.7 800 5700 0.49

80.4 820 5700 0.49

82.0 870 5800 0.49

83.7 900 5800 0.49

85.3 920 5850 0.49

86.9 940 5800 0.49

88.6 920 5850 0.49

90.2 900 5850 0.49

91.9 890 5900 0.49

93.8 900 6010 0.49

95.1 870 5950 0.49

96.8 900 5950 0.49

98.4 940 6010 0.49

100.4 950 6010 0.49

101.7 970 5900 0.49

103.4 960 5850 0.49

105.0 990 6010 0.49

106.6 900 5950 0.49

108.3 860 5850 0.49

109.9 910 6010 0.49

111.6 1000 6010 0.49

113.2 960 6120 0.49

114.8 910 5900 0.49

116.5 980 5950 0.49

118.1 980 6060 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

21.5 210 1670 0.49

22.0 230 1670 0.49

22.5 260 1690 0.49

23.0 270 1750 0.49

23.5 260 1750 0.49

24.0 240 1740 0.49

24.5 250 1740 0.49

25.0 260 1770 0.49

25.5 270 1770 0.49

26.0 280 1780 0.49

26.5 290 1770 0.49

27.0 280 1780 0.49

27.5 280 1780 0.49

28.0 270 1800 0.49

28.6 270 1830 0.49

29.0 270 1810 0.49

29.5 270 1810 0.49

30.0 290 1830 0.49

30.6 290 1830 0.49

31.0 300 1800 0.49

31.5 290 1780 0.49

32.0 300 1830 0.49

32.5 280 1810 0.49

33.0 260 1780 0.49

33.5 280 1830 0.49

34.0 300 1830 0.49

34.5 290 1860 0.49

35.0 280 1800 0.49

35.5 300 1810 0.49

36.0 300 1850 0.49
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SCHUYLER HElM BRIDGE BORING R-DS-D21
Receiver to Receiver VI and Vp Analysis
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Figure 6: Boring R-09-021, Suspension R1-R2 P- and Swwave velocities
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Table 5. Boring R-09-021, Suspension R1-R2 depths and P- and SH-wave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ftIs) (ftls)

6.6 410 3580 0.49

8.2 420 3750 0.49

9.8 410 3920 0.49

10.8 400 4270 0.50

13.1 600 4330 0.49

14.8 760 4390 0.48

16.4 650 4170 0.49

18.0 590 4900 0.49

19.7 520 4760 0.49

21.3 410 4630 0.50

23.0 420 4980 0.50

24.6 500 5050 0.49

26.3 510 5130 0.50

27.9 490 5210 0.50

29.5 580 5330 0.49

31.2 600 5250 0.49

32.8 550 5170 0.49

34.5 570 5250 0.49

36.1 580 5380 0.49

37.7 640 5460 0.49

39.4 650 5330 0.49

41.0 580 5290 0.49

42.7 620 5420 0.49

44.3 650 5330 0.49

45.9 520 5210 0.49

47.6 480 5210 0.50

49.2 580 5290 0.49

50.9 650 5380 0.49

52.5 720 5380 0.49

54.1 700 5290 0.49

55.8 550 5250 0.49

57.4 570 5380 0.49

59.1 740 5560 0.49

60.7 780 5650 0.49

62.3 820 5650 0.49

64.0 780 5560 0.49

65.6 750 5420 0.49

67.3 770 5460 0.49

68.9 780 5650 0.49

70.5 720 5560 0.49

72.2 670 5380 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

2.0 130 1090 0.49

2.5 130 1140 0.49

3.0 120 1200 0.49

3.3 120 1300 0.50

4.0 180 1320 0.49

4.5 230 1340 0.48

5.0 200 1270 0.49

5.5 180 1490 0.49

6.0 160 1450 0.49

6.5 120 1410 0.50

7.0 130 1520 0.50

7.5 150 1540 0.49

8.0 150 1560 0.50

8.5 150 1590 0.50

9.0 180 1630 0.49

9.5 180 1600 0.49

10.0 170 1580 0.49

10.5 180 1600 0.49

11.0 180 1640 0.49

11.5 200 1670 0.49

12.0 200 1630 0.49

12.5 180 1610 0.49

13.0 190 1650 0.49

13.5 200 1630 0.49

14.0 160 1590 0.49

14.5 150 1590 0.50

15.0 180 1610 0.49

15.5 200 1640 0.49

16.0 220 1640 0.49

16.5 210 1610 0.49

17.0 170 1600 0.49

17.5 170 1640 0.49

18.0 230 1690 0.49

18.5 240 1720 0.49

19.0 250 1720 0.49

19.5 240 1690 0.49

20.0 230 1650 0.49

20.5 230 1670 0.49

21.0 240 1720 0.49

21.5 220 1690 0.49

22.0 210 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ft/s) (ills)

73.8 710 5420 0.49

75.5 750 5460 0.49

77.1 740 5510 0.49

78.7 770 5560 0.49

80.4 800 5510 0.49

82.0 840 5510 0.49

83.7 880 5560 0.49

85.3 850 5510 0.49

86.9 860 5510 0.49

88.6 910 5650 0.49

90.2 910 5750 0.49

91.9 930 5750 0.49

93.5 970 5800 0.49

95.1 970 5800 0.49

96.8 1000 5850 0.48

98.4 1030 5850 0.48

100.1 990 5850 0.49

101.7 990 5850 0.49

103.4 1020 5950 0.48

105.0 1040 5950 0.48

106.6 1040 5950 0.48

108.3 1050 5950 0.48

109.9 1030 5950 0.48

111.6 1030 6060 0.49

113.2 1050 6170 0.49

115.2 1080 5950 0.48

116.5 1070 5950 0.48

118.1 1080 6060 0.48

119.8 1080 5950 0.48

121.4 1080 6170 0.48

123.0 1100 6060 0.48

124.7 1180 6410 0.48

126.3 1120 6230 0.48

128.0 1110 6060 0.48

129.6 1090 5950 0.48

131.2 1030 6060 0.49

132.9 1130 6350 0.48

134.5 1180 6410 0.48

136.2 1140 6540 0.48

137.8 1150 6410 0.48

139.4 1150 6410 0.48

141.1 1190 6410 0.48

142.7 1260 6730 0.48

144.7 1230 6670 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

22.5 220 1650 0.49

23.0 230 1670 0.49

23.5 230 1680 0.49

24.0 230 1690 0.49

24.5 240 1680 0.49

25.0 260 1680 0.49

25.5 270 1690 0.49

26.0 260 1680 0.49

26.5 260 1680 0.49

27.0 280 1720 0.49

27.5 280 1750 0.49

28.0 280 1750 0.49

28.5 290 1770 0.49

29.0 300 1770 0.49

29.5 310 1780 0.48

30.0 310 1780 0.48

30.5 300 1780 0.49

31.0 300 1780 0.49

31.5 310 1810 0.48

32.0 320 1810 0.48

32.5 320 1810 0.48

33.0 320 1810 0.48

33.5 310 1810 0.48

34.0 310 1850 0.49

34.5 320 1880 0.49

35.1 330 1810 0.48

35.5 330 1810 0.48

36.0 330 1850 0.48

36.5 330 1810 0.48

37.0 330 1880 0.48

37.5 340 1850 0.48

38.0 360 1950 0.48

38.5 340 1900 0.48

39.0 340 1850 0.48

39.5 330 1810 0.48

40.0 310 1850 0.49

40.5 340 1940 0.48

41.0 360 1950 0.48

41.5 350 1990 0.48

42.0 350 1950 0.48

42.5 350 1950 0.48

43.0 360 1950 0.48

43.5 380 2050 0.48

44.1 370 2030 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ft/s) (ft/s)

146.0 1180 6600 0.48

148.0 1280 6730 0.48

149.3 1290 6730 0.48

150.9 1280 6730 0.48

152.6 1340 6670 0.48

154.2 1330 6730 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

44.5 360 2010 0.48

45.1 390 2050 0.48

45.5 390 2050 0.48

46.0 390 2050 0.48

46.5 410 2030 0.48

47.0 400 2050 0.48
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SCHUYLER HElM BRIDGE BORING R-D9-D22
Receiver to Receiver Vs and Vp Analysis
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Figure 7: Boring R-09-022, Suspension R1-R2 P- and Swwave velocities
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Table 6. Boring R-09-022, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) Iftls) (ftls!

3.3 440 1720 0.47

4.9 500 2490 0.48

6.6 250 5050 0.50

8.2 210 5560 0.50

10.2 290 2870 0.49

11.5 260 2980 0.50

13.1 310 5050 0.50

14.8 290 5380 0.50

16.4 410 4900 0.50

18.0 400 5050 0.50

19.7 520 5380 0.50

21.3 570 5210 0.49

23.0 600 5130 0.49

24.6 650 5290 0.49

26.3 580 5050 0.49

27.9 610 4980 0.49

29.5 690 5010 0.49

31.2 680 5250 0.49

32.8 700 5290 0.49

34.1 780 5210 0.49

36.1 640 5210 0.49

37.7 570 5090 0.49

39.4 550 5130 0.49

41.0 550 5460 0.49

42.7 660 5210 0.49

44.3 650 5420 0.49

45.9 550 4570 0.49

47.6 590 4870 0.49

49.2 560 5130 0.49

50.9 580 5560 0.49

52.5 650 5380 0.49

53.5 690 5380 0.49

55.8 730 5420 0.49

57.4 760 5380 0.49

59.1 680 5210 0.49

60.7 610 5210 0.49

62.3 670 5330 0.49

64.0 820 4940 0.49

65.6 740 5460 0.49

67.3 700 5290 0.49

68.9 720 5380 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (mrs) (m/s)

1.0 130 520 0.47

1.5 150 760 0.48

2.0 80 1540 0.50

2.5 60 1690 0.50

3.1 90 880 0.49

3.5 80 910 0.50

4.0 90 1540 0.50

4.5 90 1640 0.50

5.0 130 1490 0.50

5.5 120 1540 0.50

6.0 160 1640 0.50

6.5 180 1590 0.49

7.0 180 1560 0.49

7.5 200 1610 0.49

8.0 180 1540 0.49

8.5 190 1520 0.49

9.0 210 1530 0.49

9.5 210 1600 0.49

10.0 210 1610 0.49

10.4 240 1590 0.49

11.0 200 1590 0.49

11.5 170 1550 0.49

12.0 170 1560 0.49

12.5 170 1670 0.49

13.0 200 1590 0.49

13.5 200 1650 0.49

14.0 170 1390 0.49

14.5 180 1480 0.49

15.0 170 1560 0.49

15.5 180 1690 0.49

16.0 200 1640 0.49

16.3 210 1640 0.49

17.0 220 1650 0.49

17.5 230 1640 0.49

18.0 210 1590 0.49

18.5 180 1590 0.49

19.0 200 1630 0.49

19.5 250 1510 0.49

20.0 220 1670 0.49

20.5 210 1610 0.49

21.0 220 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(tt) (ft/s) (ft/s)

70.5 740 5420 0.49

72.2 830 5250 0.49

73.8 780 5130 0.49

75.5 740 5210 0.49

77.1 800 5130 0.49

78.7 840 5250 0.49

80.4 890 5210 0.48

82.0 960 5380 0.48

83.7 980 5380 0.48

85.3 940 5460 0.48

86.9 970 5420 0.48

88.6 1040 5650 0.48

90.2 1050 5560 0.48

91.9 1000 5650 0.48

93.5 1040 5560 0.48

95.1 1100 5600 0.48

96.1 1040 5600 0.48

98.4 1030 5750 0.48

100.1 1020 5700 0.48

101.7 1110 5950 0.48

103.4 1100 5900 0.48

105.0 1150 5950 0.48

106.6 1080 5850 0.48

108.3 1080 5800 0.48

109.9 1100 6010 0.48

111.6 1250 6670 0.48

113.2 1340 6470 0.48

114.8 1200 6540 0.48

116.5 1090 6290 0.48

118.4 1110 5850 0.48

119.8 1130 5950 0.48

121.4 1190 5850 0.48

123.4 1280 6060 0.48

124.7 1310 6290 0.48

126.3 1290 6410 0.48

128.0 1310 6350 0.48

129.6 1240 5950 0.48

131.2 1160 5800 0.48

132.9 1160 5800 0.48

134.5 1170 5850 0.48

136.2 1170 5850 0.48

137.8 1350 6410 0.48

139.4 1470 6800 0.48

141.4 1450 6800 0.48

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers VS VD Ratio

(m) (m/s) (m/s)

21.5 230 1650 0.49

22.0 250 1600 0.49

22.5 240 1560 0.49

23.0 230 1590 0.49

23.5 240 1560 0.49

24.0 250 1600 0.49

24.5 270 1590 0.48

25.0 290 1640 0.48

25.5 300 1640 0.48

26.0 290 1670 0.48

26.5 290 1650 0.48

27.0 320 1720 0.48

27.5 320 1690 0.48

28.0 310 1720 0.48

28.5 320 1690 0.48

29.0 340 1710 0.48

29.3 320 1710 0.48

30.0 310 1750 0.48

30.5 310 1740 0.48

31.0 340 1810 0.48

31.5 340 1800 0.48

32.0 350 1810 0.48

32.5 330 1780 0.48

33.0 330 1770 0.48

33.5 330 1830 0.48

34.0 380 2030 0.48

34.5 410 1970 0.48

35.0 370 1990 0.48

35.5 330 1920 0.48

36.1 340 1780 0.48

36.5 340 1810 0.48

37.0 360 1780 0.48

37.6 390 1850 0.48

38.0 400 1920 0.48

38.5 390 1950 0.48

39.0 400 1940 0.48

39.5 380 1810 0.48

40.0 350 1770 0.48

40.5 350 1770 0.48

41.0 360 1780 0.48

41.5 360 1780 0.48

42.0 410 1950 0.48

42.5 450 2070 0.48

43.1 440 2070 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(tt) (ftls) (ftls)

142.7 1520 6670 0.47

144.4 1340 6730 0.48

146.0 1270 6470 0.48

147.6 1250 6230 0.48

149.3 1350 6170 0.47

150.9 1390 6410 0.48

152.6 1270 6410 0.48

154.2 1310 6350 0.48

155.8 1340 6670 0.48

157.5 1560 7580 0.48

159.1 1470 6800 0.48

160.8 1290 6010 0.48

162.4 1310 5900 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs VD Ratio

(m) (m/s) (m/s)

43.5 460 2030 0.47

44.0 410 2050 0.48

44.5 390 1970 0.48

45.0 380 1900 0.48

45.5 410 1880 0.47

46.0 430 1950 0.48

46.5 390 1950 0.48

47.0 400 1940 0.48

47.5 410 2030 0.48

48.0 470 2310 0.48

48.5 450 2070 0.48

49.0 390 1830 0.48

49.5 400 1800 0.47
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SCHUYLER HElM BRIDGE BORING R-09-o25
Receiver to Receiver Vs and Vp Analysis
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Figure 8: Boring R-09-025, Suspension R1-R2 P- and Swwave velocities
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Table 7. Boring R-09-025, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (Ns) INs)

3.3 510 2140 0.47

4.9 370 2690 0.49

6.6 330 2450 0.49

8.2 410 2600 0.49

9.8 380 4470 0.50

11.5 340 4300 0.50

13.1 400 4360 0.50

14.8 390 5560 0.50

16.4 430 5460 0.50

18.0 540 5130 0.49

19.7 560 5210 0.49

21.3 460 5090 0.50

23.0 470 5330 0.50

24.6 510 5170 0.50

26.3 550 5010 0.49

27.9 620 5380 0.49

29.5 650 5420 0.49

31.2 550 5250 0.49

32.8 500 5330 0.50

34.5 550 5250 0.49

36.1 580 5290 0.49

37.7 590 5210 0.49

39.4 550 5050 0.49

41.0 530 5170 0.49

42.7 610 5330 0.49

44.3 610 5170 0.49

45.9 540 5210 0.49

47.6 530 5170 0.49

49.2 530 5210 0.49

50.9 630 5170 0.49

52.5 700 5330 0.49

54.1 730 5380 0.49

55.8 720 5170 0.49

57.4 750 5170 0.49

59.1 680 5170 0.49

60.7 630 5210 0.49

62.3 720 5290 0.49

64.0 750 5380 0.49

65.6 730 5380 0.49

67.3 730 5330 0.49

68.9 740 5290 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

1.0 150 650 0.47

1.5 110 820 0.49

2.0 100 750 0.49

2.5 130 790 0.49

3.0 120 1360 0.50

3.5 100 1310 0.50

4.0 120 1330 0.50

4.5 120 1690 0.50

5.0 130 1670 0.50

5.5 170 1560 0.49

6.0 170 1590 0.49

6.5 140 1550 0.50

7.0 140 1630 0.50

7.5 160 1580 0.50

8.0 170 1530 0.49

8.5 190 1640 0.49

9.0 200 1650 0.49

9.5 170 1600 0.49

10.0 150 1630 0.50

10.5 170 1600 0.49

11.0 180 1610 0.49

11.5 180 1590 0.49

12.0 170 1540 0.49

12.5 160 1580 0.49

13.0 190 1630 0.49

13.5 190 1580 0.49

14.0 170 1590 0.49

14.5 160 1580 0.49

15.0 160 1590 0.49

15.5 190 1580 0.49

16.0 210 1630 0.49

16.5 220 1640 0.49

17.0 220 1580 0.49

17.5 230 1580 0.49

18.0 210 1580 0.49

18.5 190 1590 0.49

19.0 220 1610 0.49

19.5 230 1640 0.49

20.0 220 1640 0.49

20.5 220 1630 0.49

21.0 220 1610 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(tt) (ftfs) (ftfs)

70.5 730 5090 0.49

72.2 760 5050 0.49

73.2 760 5130 0.49

75.5 740 5210 0.49

77.1 740 5170 0.49

78.7 770 5170 0.49

80.4 800 5250 0.49

82.0 840 5250 0.49

83.7 860 5380 0.49

85.3 890 5510 0.49

86.9 940 5750 0.49

88.6 1010 5650 0.48

90.2 1000 5700 0.48

91.9 1090 5700 0.48

93.5 1060 5800 0.48

95.1 1040 5800 0.48

96.8 1060 5850 0.48

98.4 1060 5800 0.48

100.1 1080 5850 0.48

101.7 1060 5850 0.48

103.4 1120 5850 0.48

105.0 1130 5950 0.48

106.6 1250 6060 0.48

108.3 1180 5950 0.48

109.9 1100 5900 0.48

111.6 1120 5950 0.48

113.2 1170 6060 0.48

114.8 1230 6170 0.48

116.5 1210 6060 0.48

118.1 1130 5900 0.48

119.8 1140 5850 0.48

121.4 1160 5900 0.48

123.0 1240 6060 0.48

124.7 1350 6290 0.48

126.3 1360 6410 0.48

128.0 1360 6230 0.47

129.6 1230 6060 0.48

131.2 1220 6120 0.48

132.9 1320 6230 0.48

134.5 1260 6800 0.48

136.2 1350 6940 0.48

137.8 1240 6540 0.48

139.4 1180 6290 0.48

141.1 1170 6290 0.48

Metric Units

Depth at Velocity

Midpoint Between p Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

21.5 220 1550 0.49

22.0 230 1540 0.49

22.3 230 1560 0.49

23.0 230 1590 0.49

23.5 220 1580 0.49

24.0 230 1580 0.49

24.5 240 1600 0.49

25.0 260 1600 0.49

25.5 260 1640 0.49

26.0 270 1680 0.49

26.5 290 1750 0.49

27.0 310 1720 0.48

27.5 310 1740 0.48

28.0 330 1740 0.48

28.5 320 1770 0.48

29.0 320 1770 0.48

29.5 320 1780 0.48

30.0 320 1770 0.48

30.5 330 1780 0.48

31.0 320 1780 0.48

31.5 340 1780 0.48

32.0 340 1810 0.48

32.5 380 1850 0.48

33.0 360 1810 0.48

33.5 340 1800 0.48

34.0 340 1810 0.48

34.5 360 1850 0.48

35.0 380 1880 0.48

35.5 370 1850 0.48

36.0 350 1800 0.48

36.5 350 1780 0.48

37.0 350 1800 0.48

37.5 380 1850 0.48

38.0 410 1920 0.48

38.5 410 1950 0.48

39.0 410 1900 0.47

39.5 370 1850 0.48

40.0 370 1860 0.48

40.5 400 1900 0.48

41.0 380 2070 0.48

41.5 410 2120 0.48

42.0 380 1990 0.48

42.5 360 1920 0.48

43.0 360 1920 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(ft) (ft/5) (ft/s)

142.7 1280 6540 0.48

144.4 1370 6470 0.48

146.0 1310 6350 0.48

147.6 1440 6800 0.48

149.3 1720 7170 0.47

150.9 1640 6940 0.47

152.6 1680 6870 0.47

154.2 1650 6470 0.47

155.8 1430 5950 0.47

157.5 1320 5600 0.47

159.1 1320 5510 0.47

160.8 1270 5560 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (m/s)

43.5 390 1990 0.48

44.0 420 1970 0.48

44.5 400 1940 0.48

45.0 440 2070 0.48

45.5 520 2180 0.47

46.0 500 2120 0.47

46.5 510 2090 0.47

47.0 500 1970 0.47

47.5 440 1810 0.47

48.0 400 1710 0.47

48.5 400 1680 0.47

49.0 390 1690 0.47
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Table 8. Boring R-09-028, Suspension R1-R2 depths and P- and Swwave velocities

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (fUs! (fUs)

3.3 330 2470 0.49

4.9 290 2310 0.49

6.6 300 2300 0.49

8.2 460 2640 0.48

9.8 310 3130 0.49

11.5 340 4250 0.50

13.1 400 3940 0.49

14.8 430 5090 0.50

16.4 410 4760 0.50

18.0 440 4500 0.50

19.7 500 4940 0.49

21.3 540 4090 0.49

23.0 660 3790 0.48

24.6 550 4830 0.49

26.3 500 4870 0.49

27.9 580 5010 0.49

29.5 630 5130 0.49

31.2 710 5330 0.49

32.8 770 4830 0.49

34.5 660 5050 0.49

36.1 510 4870 0.49

37.7 520 4940 0.49

39.4 560 5050 0.49

41.0 610 4830 0.49

42.7 740 4980 0.49

44.3 660 5010 0.49

45.9 580 5010 0.49

47.6 630 5210 0.49

49.2 670 5250 0.49

50.9 670 5210 0.49

52.5 740 5130 0.49

54.1 760 5210 0.49

55.8 790 5250 0.49

57.4 810 5250 0.49

59.1 790 5210 0.49

60.7 790 5250 0.49

62.3 850 5330 0.49

64.0 910 5380 0.49

65.6 870 5330 0.49

67.3 910 5420 0.49

68.9 870 5330 0.49

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(rm (m/s! (rn/s)

1.0 100 750 0.49

1.5 90 710 0.49

2.0 90 700 0.49

2.5 140 800 0.48

3.0 100 950 0.49

3.5 100 1290 0.50

4.0 120 1200 0.49

4.5 130 1550 0.50

5.0 130 1450 0.50

5.5 130 1370 0.50

6.0 150 1510 0.49

6.5 170 1250 0.49

7.0 200 1150 0.48

7.5 170 1470 0.49

8.0 150 1480 0.49

8.5 180 1530 0.49

9.0 190 1560 0.49

9.5 220 1630 0.49

10.0 230 1470 0.49

10.5 200 1540 0.49

11.0 160 1480 0.49

11.5 160 1510 0.49

12.0 170 1540 0.49

12.5 190 1470 0.49

13.0 230 1520 0.49

13.5 200 1530 0.49

14.0 180 1530 0.49

14.5 190 1590 0.49

15.0 200 1600 0.49

15.5 200 1590 0.49

16.0 230 1560 0.49

16.5 230 1590 0.49

17.0 240 1600 0.49

17.5 250 1600 0.49

18.0 240 1590 0.49

18.5 240 1600 0.49

19.0 260 1630 0.49

19.5 280 1640 0.49

20.0 270 1630 0.49

20.5 280 1650 0.49

21.0 270 1630 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(ft) (ftIs) (ftIs)

70.5 860 5330 0.49

72.2 850 5330 0.49

73.8 890 5460 0.49

75.5 960 5460 0.48

77.1 900 5380 0.49

78.7 890 5560 0.49

80.4 870 5460 0.49

82.0 780 5330 0.49

83.7 790 5330 0.49

85.3 720 5290 0.49

86.9 680 5250 0.49

88.6 760 5420 0.49

90.2 930 5560 0.49

91.9 1080 5800 0.48

93.5 1150 5950 0.48

95.1 1160 5900 0.48

96.8 1040 5600 0.48

98.4 920 5460 0.49

100.1 990 5700 0.48

101.7 1080 6010 0.48

103.4 1080 5900 0.48

105.0 1120 5950 0.48

106.6 1050 5900 0.48

108.3 1050 5850 0.48

109.9 1020 5850 0.48

111.6 1050 5850 0.48

113.2 1090 5900 0.48

114.8 1110 5900 0.48

116.5 1110 5900 0.48

118.1 1060 5850 0.48

119.8 1040 5800 0.48

121.4 1050 5850 0.48

123.0 1010 5850 0.48

124.7 1080 5950 0.48

126.3 1190 6120 0.48

128.0 1090 6230 0.48

129.6 1110 6470 0.48

131.2 1330 6600 0.48

133.2 1420 6600 0.48

134.5 1390 6410 0.48

136.2 1380 6410 0.48

137.8 1490 6600 0.47

139.4 1380 6540 0.48

141.1 1270 6010 0.48

Metric Units

Depth at Velocitv

Midpoint Between Poisson's
Receivers Vs Vn Ratio

(m) (m/s) (m/s)

21.5 260 1630 0.49

22.0 260 1630 0.49

22.5 270 1670 0.49

23.0 290 1670 0.48

23.5 270 1640 0.49

24.0 270 1690 0.49

24.5 260 1670 0.49

25.0 240 1630 0.49

25.5 240 1630 0.49

26.0 220 1610 0.49

26.5 210 1600 0.49

27.0 230 1650 0.49

27.5 280 1690 0.49

28.0 330 1770 0.48

28.5 350 1810 0.48

29.0 350 1800 0.48

29.5 320 1710 0.48

30.0 280 1670 0.49

30.5 300 1740 0.48

31.0 330 1830 0.48

31.5 330 1800 0.48

32.0 340 1810 0.48

32.5 320 1800 0.48

33.0 320 1780 0.48

33.5 310 1780 0.48

34.0 320 1780 0.48

34.5 330 1800 0.48

35.0 340 1800 0.48

35.5 340 1800 0.48

36.0 320 1780 0.48

36.5 320 1770 0.48

37.0 320 1780 0.48

37.5 310 1780 0.48

38.0 330 1810 0.48

38.5 360 1860 0.48

39.0 330 1900 0.48

39.5 340 1970 0.48

40.0 410 2010 0.48

40.6 430 2010 0.48

41.0 430 1950 0.48

41.5 420 1950 0.48

42.0 460 2010 0.47

42.5 420 1990 0.48

43.0 390 1830 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Receiver-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Velocity

Midpoint Between Poisson's
Receivers V s Vn Ratio

(ft) (ftIs) (ftIs)

142.7 1280 5800 0.47

144.4 1320 5750 0.47

146.3 1420 5850 0.47

147.6 1340 5650 0.47

149.3 1270 5600 0.47

150.9 1390 5700 0.47

152.6 1360 5560 0.47

154.2 1330 5510 0.47

155.8 1340 5420 0.47

157.5 1340 5380 0.47

159.1 1350 5510 0.47

160.8 1340 5750 0.47

162.4 1320 5700 0.47

Metric Units

Depth at Velocity

Midpoint Between Poisson's
Receivers Vs Vo Ratio

(m) (m/s) (rn/s)

43.5 390 1770 0.47

44.0 400 1750 0.47

44.6 430 1780 0.47

45.0 410 1720 0.47

45.5 390 1710 0.47

46.0 420 1740 0.47

46.5 410 1690 0.47

47.0 410 1680 0.47

47.5 410 1650 0.47

48.0 410 1640 0.47

48.5 410 1680 0.47

49.0 410 1750 0.47

49.5 400 1740 0.47
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APPENDIXA

SUSPENSION VELOCITY MEASUREMENT
QUALITY ASSURANCE SUSPENSION SOURCE

TO RECEIVER ANALYSIS RESULTS
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Table A-1. Boring R-09-007, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ftfs) (ftfs)

8.5 290 1630 0.48

10.1 280 2720 0.49

11.8 330 4710 0.50

13.4 390 4940 0.50

15.1 410 4900 0.50

16.7 420 5040 0.50

18.3 420 5390 0.50

20.0 430 5230 0.50

21.6 440 5230 0.50

23.3 460 5150 0.50

24.9 520 5390 0.50

26.6 530 5430 0.50

28.2 530 5170 0.49

29.8 570 5080 0.49

31.5 560 5170 0.49

33.1 550 5100 0.49

34.8 560 5080 0.49

36.4 530 5080 0.49

38.0 530 4950 0.49

39.7 560 5060 0.49

41.3 580 5170 0.49

43.0 590 5170 0.49

44.6 580 4460 0.49

46.2 570 4120 0.49

47.9 540 4380 0.49

49.5 540 4280 0.49

51.2 560 4270 0.49

52.8 610 4280 0.49

54.4 620 4540 0.49

56.1 630 4890 0.49

57.7 660 5120 0.49

59.4 660 5060 0.49

61.0 680 5210 0.49

62.6 710 5190 0.49

64.3 700 5170 0.49

65.9 720 5170 0.49

67.6 690 5330 0.49

69.2 690 5350 0.49

70.8 730 5350 0.49

72.5 720 5370 0.49

74.1 750 5490 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

2.6 90 500 0.48

3.1 90 830 0.49

3.6 100 1440 0.50

4.1 120 1500 0.50

4.6 120 1490 0.50

5.1 130 1540 0.50

5.6 130 1640 0.50

6.1 130 1590 0.50

6.6 140 1590 0.50

7.1 140 1570 0.50

7.6 160 1640 0.50

8.1 160 1650 0.50

8.6 160 1580 0.49

9.1 170 1550 0.49

9.6 170 1580 0.49

10.1 170 1550 0.49

10.6 170 1550 0.49

11.1 160 1550 0.49

11.6 160 1510 0.49

12.1 170 1540 0.49

12.6 180 1580 0.49

13.1 180 1580 0.49

13.6 180 1360 0.49

14.1 170 1260 0.49

14.6 170 1330 0.49

15.1 160 1310 0.49

15.6 170 1300 0.49

16.1 190 1310 0.49

16.6 190 1380 0.49

17.1 190 1490 0.49

17.6 200 1560 0.49

18.1 200 1540 0.49

18.6 210 1590 0.49

19.1 220 1580 0.49

19.6 210 1580 0.49

20.1 220 1580 0.49

20.6 210 1620 0.49

21.1 210 1630 0.49

21.6 220 1630 0.49

22.1 220 1640 0.49

22.6 230 1670 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-007

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ftIs) (ftIs)

75.8 770 5640 0.49

77.4 770 5530 0.49

79.0 780 5250 0.49

80.7 770 5310 0.49

82.3 740 5430 0.49

84.0 780 5450 0.49

85.6 800 5550 0.49

87.2 790 5530 0.49

88.9 800 5510 0.49

90.5 790 5550 0.49

92.2 790 5550 0.49

93.8 820 5760 0.49

95.4 870 5850 0.49

97.1 880 5950 0.49

98.7 890 5950 0.49

100.4 890 5850 0.49

102.0 950 5780 0.49

103.7 950 5780 0.49

105.3 950 5760 0.49

106.9 940 5830 0.49

108.6 930 5880 0.49

110.2 900 5900 0.49

111.9 920 5880 0.49

113.5 930 5880 0.49

115.1 940 5830 0.49

116.8 930 5800 0.49

118.4 980 5800 0.49

120.1 1000 5800 0.48

121.7 1010 5730 0.48

123.3 1020 5800 0.48

125.0 1030 5780 0.48

126.6 1030 5760 0.48

128.3 1040 5800 0.48

129.9 1080 6100 0.48

131.5 1070 6130 0.48

133.2 1080 6160 0.48

134.8 1110 6100 0.48

136.5 1120 6320 0.48

138.1 1140 6350 0.48

139.7 1140 6350 0.48

141.4 1130 6240 0.48

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

23.1 230 1720 0.49

23.6 240 1690 0.49

24.1 240 1600 0.49

24.6 240 1620 0.49

25.1 230 1650 0.49

25.6 240 1660 0.49

26.1 240 1690 0.49

26.6 240 1690 0.49

27.1 240 1680 0.49

27.6 240 1690 0.49

28.1 240 1690 0.49

28.6 250 1750 0.49

29.1 260 1780 0.49

29.6 270 1810 0.49

30.1 270 1810 0.49

30.6 270 1780 0.49

31.1 290 1760 0.49

31.6 290 1760 0.49

32.1 290 1750 0.49

32.6 290 1780 0.49

33.1 280 1790 0.49

33.6 280 1800 0.49

34.1 280 1790 0.49

34.6 280 1790 0.49

35.1 290 1780 0.49

35.6 280 1770 0.49

36.1 300 1770 0.49

36.6 300 1770 0.48

37.1 310 1750 0.48

37.6 310 1770 0.48

38.1 310 1760 0.48

38.6 310 1750 0.48

39.1 320 1770 0.48

39.6 330 1860 0.48

40.1 330 1870 0.48

40.6 330 1880 0.48

41.1 340 1860 0.48

41.6 340 1930 0.48

42.1 350 1930 0.48

42.6 350 1930 0.48

43.1 340 1900 0.48
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Table A-2. Boring R-09-014, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftls) (ft/s)

8.1 300 4830 0.50

9.8 250 4310 0.50

11.4 260 4430 0.50

13.0 340 4370 0.50

14.7 300 4590 0.50

16.3 370 4760 0.50

18.0 370 4760 0.50

19.6 400 4830 0.50

21.2 400 4910 0.50

22.9 410 4870 0.50

24.5 450 5020 0.50

26.2 470 5060 0.50

27.8 490 5190 0.50

29.4 510 5190 0.50

31.1 520 5230 0.49

32.7 540 5190 0.49

34.4 490 5020 0.50

36.0 510 5020 0.49

37.6 490 4950 0.50

39.3 480 4950 0.50

40.9 560 5100 0.49

42.6 570 4910 0.49

44.2 530 5060 0.49

45.8 540 4370 0.49

47.5 490 4370 0.49

49.1 510 4220 0.49

50.8 530 4280 0.49

52.4 560 4830 0.49

54.0 610 5280 0.49

55.7 630 5100 0.49

57.3 630 5100 0.49

59.0 620 5410 0.49

60.6 660 5320 0.49

62.2 660 5410 0.49

63.9 670 5150 0.49

65.9 690 5360 0.49

67.2 690 5360 0.49

68.8 720 5410 0.49

70.5 740 5460 0.49

72.1 740 5410 0.49

73.7 760 5500 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

2.5 90 1470 0.50

3.0 80 1310 0.50

3.5 80 1350 0.50

4.0 100 1330 0.50

4.5 90 1400 0.50

5.0 110 1450 0.50

5.5 110 1450 0.50

6.0 120 1470 0.50

6.5 120 1500 0.50

7.0 120 1480 0.50

7.5 140 1530 0.50

8.0 140 1540 0.50

8.5 150 1580 0.50

9.0 150 1580 0.50

9.5 160 1590 0.49

10.0 160 1580 0.49

10.5 150 1530 0.50

11.0 150 1530 0.49

11.5 150 1510 0.50

12.0 150 1510 0.50

12.5 170 1560 0.49

13.0 170 1500 0.49

13.5 160 1540 0.49

14.0 160 1330 0.49

14.5 150 1330 0.49

15.0 150 1290 0.49

15.5 160 1300 0.49

16.0 170 1470 0.49

16.5 190 1610 0.49

17.0 190 1560 0.49

17.5 190 1560 0.49

18.0 190 1650 0.49

18.5 200 1620 0.49

19.0 200 1650 0.49

19.5 200 1570 0.49

20.1 210 1640 0.49

20.5 210 1640 0.49

21.0 220 1650 0.49

21.5 220 1660 0.49

22.0 230 1650 0.49

22.5 230 1680 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-014

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ft/s) (ft/s)

75.4 790 5650 0.49

77.0 790 5650 0.49

78.7 820 5650 0.49

80.3 850 5750 0.49

81.9 870 5750 0.49

83.6 900 5700 0.49

85.2 920 5700 0.49

86.9 910 5700 0.49

88.5 940 5810 0.49

90.1 910 5700 0.49

91.8 900 5890 0.49

93.4 910 5890 0.49

95.1 920 5970 0.49

96.7 920 5860 0.49

98.7 930 6000 0.49

100.0 960 5920 0.49

101.6 950 5920 0.49

103.3 960 5890 0.49

105.2 950 5810 0.49

106.5 940 5860 0.49

108.2 950 5890 0.49

109.8 960 5890 0.49

111.5 960 6000 0.49

113.1 1010 5920 0.49

114.7 980 5970 0.49

116.4 980 6000 0.49

118.0 960 5730 0.49

119.7 1010 6090 0.49

121.3 1010 6090 0.49

122.9 1030 6210 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

23.0 240 1720 0.49

23.5 240 1720 0.49

24.0 250 1720 0.49

24.5 260 1750 0.49

25.0 260 1750 0.49

25.5 270 1740 0.49

26.0 280 1740 0.49

26.5 280 1740 0.49

27.0 280 1770 0.49

27.5 280 1740 0.49

28.0 270 1790 0.49

28.5 280 1790 0.49

29.0 280 1820 0.49

29.5 280 1790 0.49

30.1 280 1830 0.49

30.5 290 1800 0.49

31.0 290 1800 0.49

31.5 290 1790 0.49

32.1 290 1770 0.49

32.5 290 1790 0.49

33.0 290 1790 0.49

33.5 290 1790 0.49

34.0 290 1830 0.49

34.5 310 1800 0.49

35.0 300 1820 0.49

35.5 300 1830 0.49

36.0 290 1750 0.49

36.5 310 1860 0.49

37.0 310 1860 0.49

37.5 310 1890 0.49
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SCHUYLER HElM BRIDGE BORING R-D9-D21
Source to Receiver and Receiver to Receiver Analysis
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Figure A-3. Boring R-09-021, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-3. Boring R-09-021, S - R1 quality assurance analysis P- and SH-wave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ft/s) (ft/s)

11.8 430 3950 0.49

13.4 460 4040 0.49

15.1 490 3910 0.49

16.1 530 4340 0.49

18.3 490 4680 0.49

20.0 450 4530 0.50

21.6 440 4590 0.50

23.3 440 4530 0.50

24.9 440 4740 0.50

26.6 490 4940 0.50

28.2 530 4870 0.49

29.8 530 5040 0.49

31.5 550 4990 0.49

33.1 580 5100 0.49

34.8 560 5040 0.49

36.4 590 5150 0.49

38.0 590 5120 0.49

39.7 590 5120 0.49

41.3 600 5270 0.49

43.0 560 5270 0.49

44.6 540 5250 0.49

46.2 540 5230 0.49

47.9 540 5210 0.49

49.5 560 5310 0.49

51.2 630 5330 0.49

52.8 630 5290 0.49

54.4 600 5310 0.49

56.1 630 5350 0.49

57.7 630 5410 0.49

59.4 660 5530 0.49

61.0 750 5600 0.49

62.6 740 5580 0.49

64.3 740 5510 0.49

65.9 730 5470 0.49

67.6 700 5510 0.49

69.2 690 5550 0.49

70.8 690 5620 0.49

72.5 690 5470 0.49

74.1 690 5430 0.49

75.8 710 5470 0.49

77.4 760 5580 0.49

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) Im/s) (m/s)

3.6 130 1200 0.49

4.1 140 1230 0.49

4.6 150 1190 0.49

4.9 160 1320 0.49

5.6 150 1430 0.49

6.1 140 1380 0.50

6.6 130 1400 0.50

7.1 130 1380 0.50

7.6 130 1440 0.50

8.1 150 1500 0.50

8.6 160 1480 0.49

9.1 160 1540 0.49

9.6 170 1520 0.49

10.1 180 1550 0.49

10.6 170 1540 0.49

11.1 180 1570 0.49

11.6 180 1560 0.49

12.1 180 1560 0.49

12.6 180 1610 0.49

13.1 170 1610 0.49

13.6 160 1600 0.49

14.1 170 1590 0.49

14.6 170 1590 0.49

15.1 170 1620 0.49

15.6 190 1620 0.49

16.1 190 1610 0.49

16.6 180 1620 0.49

17.1 190 1630 0.49

17.6 190 1650 0.49

18.1 200 1690 0.49

18.6 230 1710 0.49

19.1 230 1700 0.49

19.6 230 1680 0.49

20.1 220 1670 0.49

20.6 210 1680 0.49

21.1 210 1690 0.49

21.6 210 1710 0.49

22.1 210 1670 0.49

22.6 210 1650 0.49

23.1 220 1670 0.49

23.6 230 1700 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(tt) (ftIs) (ftIs)

79.0 770 5580 0.49

80.7 820 5550 0.49

82.3 830 5620 0.49

84.0 850 5550 0.49

85.6 880 5580 0.49

87.2 880 5670 0.49

88.9 890 5710 0.49

90.5 920 5760 0.49

92.2 930 5850 0.49

93.8 950 5880 0.49

95.4 960 5880 0.49

97.1 970 5850 0.49

98.7 980 5880 0.49

100.4 1000 5800 0.48

102.0 1000 5930 0.49

103.7 1020 5830 0.48

105.3 1020 5930 0.48

106.9 1030 5970 0.48

108.6 1030 5730 0.48

110.2 1040 5930 0.48

111.9 1040 5880 0.48

113.5 1040 5970 0.48

115.1 1060 5970 0.48

116.8 1060 5970 0.48

118.4 1060 6030 0.48

120.4 1080 5930 0.48

121.7 1090 5970 0.48

123.3 1090 5970 0.48

125.0 1100 6130 0.48

126.6 1090 6080 0.48

128.3 1050 5970 0.48

129.9 1050 5850 0.48

131.5 1110 6050 0.48

133.2 1110 6100 0.48

134.8 1140 6160 0.48

136.5 1150 6210 0.48

138.1 1160 6410 0.48

139.7 1160 6380 0.48

141.4 1160 6580 0.48

143.0 1170 6680 0.48

144.7 1180 6710 0.48

146.3 1210 6550 0.48

147.9 1200 6550 0.48

149.9 1210 6580 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

24.1 240 1700 0.49

24.6 250 1690 0.49

25.1 250 1710 0.49

25.6 260 1690 0.49

26.1 270 1700 0.49

26.6 270 1730 0.49

27.1 270 1740 0.49

27.6 280 1750 0.49

28.1 280 1780 0.49

28.6 290 1790 0.49

29.1 290 1790 0.49

29.6 300 1780 0.49

30.1 300 1790 0.49

30.6 300 1770 0.48

31.1 310 1810 0.49

31.6 310 1780 0.48

32.1 310 1810 0.48

32.6 310 1820 0.48

33.1 310 1750 0.48

33.6 320 1810 0.48

34.1 320 1790 0.48

34.6 320 1820 0.48

35.1 320 1820 0.48

35.6 320 1820 0.48

36.1 320 1840 0.48

36.7 330 1810 0.48

37.1 330 1820 0.48

37.6 330 1820 0.48

38.1 330 1870 0.48

38.6 330 1850 0.48

39.1 320 1820 0.48

39.6 320 1780 0.48

40.1 340 1840 0.48

40.6 340 1860 0.48

41.1 350 1880 0.48

41.6 350 1890 0.48

42.1 350 1950 0.48

42.6 350 1940 0.48

43.1 350 2010 0.48

43.6 360 2030 0.48

44.1 360 2040 0.48

44.6 370 2000 0.48

45.1 370 2000 0.48

45.7 370 2010 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-021

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftIs) (ftIs)

151.2 1230 6490 0.48

153.2 1230 6460 0.48

154.5 1250 6520 0.48

156.1 1290 6520 0.48

157.8 1300 6580 0.48

159.4 1260 6490 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

46.1 370 1980 0.48

46.7 370 1970 0.48

47.1 380 1990 0.48

47.6 390 1990 0.48

48.1 400 2010 0.48

48.6 380 1980 0.48
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SCHUYLER HElM BRIDGE BORING R-D9-D22
Source to Receiver and Receiver to Receiver Analysis
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Figure A-4. Boring R-09-022, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-4. Boring R-09-022, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

1ft) Illis) (ft/s)

8.1 320 2410 0.49

9.8 290 3540 0.50

11.4 310 3790 0.50

13.0 330 4140 0.50

15.0 360 4760 0.50

16.3 420 4910 0.50

18.0 430 4910 0.50

19.6 450 5060 0.50

21.2 520 5060 0.49

22.9 560 5150 0.49

24.5 540 5060 0.49

26.2 570 5150 0.49

27.8 580 5150 0.49

29.4 580 5150 0.49

31.1 670 5150 0.49

32.7 640 5100 0.49

34.4 600 5130 0.49

36.0 590 5040 0.49

37.6 550 4930 0.49

39.0 550 4950 0.49

40.9 570 4960 0.49

42.6 560 5080 0.49

44.2 560 4960 0.49

45.8 540 4950 0.49

47.5 510 4870 0.49

49.1 530 4950 0.49

50.8 560 5150 0.49

52.4 610 5150 0.49

54.0 640 5150 0.49

55.7 650 5170 0.49

57.3 640 5170 0.49

58.3 630 5100 0.49

60.6 650 5170 0.49

62.2 650 5150 0.49

63.9 650 5340 0.49

65.5 690 5300 0.49

67.2 690 5360 0.49

68.8 700 5340 0.49

70.5 750 5320 0.49

72.1 740 5230 0.49

73.7 760 5190 0.49

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

2.5 100 730 0.49

3.0 90 1080 0.50

3.5 90 1160 0.50

4.0 100 1260 0.50

4.6 110 1450 0.50

5.0 130 1500 0.50

5.5 130 1500 0.50

6.0 140 1540 0.50

6.5 160 1540 ·0.49

7.0 170 1570 0.49

7.5 160 1540 0.49

8.0 170 1570 0.49

8.5 180 1570 0.49

9.0 180 1570 0.49

9.5 200 1570 0.49

10.0 200 1560 0.49

10.5 180 1560 0.49

11.0 180 1540 0.49

11.5 170 1500 0.49

11.9 170 1510 0.49

12.5 170 1510 0.49

13.0 170 1540 0.49

13.5 170 1510 0.49

14.0 170 1510 0.49

14.5 150 1480 0.49

15.0 160 1510 0.49

15.5 170 1570 0.49

16.0 190 1570 0.49

16.5 190 1570 0.49

17.0 200 1580 0.49

17.5 190 1580 0.49

17.8 190 1560 0.49

18.5 200 1580 0.49

19.0 200 1570 0.49

19.5 200 1630 0.49

20.0 210 1610 0.49

20.5 210 1640 0.49

21.0 210 1630 0.49

21.5 230 1620 0.49

22.0 230 1590 0.49

22.5 230 1580 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (ftIs) (ftIs)

7504 770 5080 0049

77.0 790 5130 0049

78.7 850 5170 0049

80.3 890 5320 0049

81.9 920 5360 0048

83.6 960 5460 0048

85.2 1000 5550 0048

86.9 1020 5600 0048

88.5 1020 5730 0048

90.1 1050 5780 0048

91.8 1050 5730 0048

93.4 1050 5630 0.48

95.1 1030 5730 0048

96.7 1050 5730 0.48

98.3 1060 5730 0.48

100.0 1080 5730 0.48

101.0 1090 5780 0.48

103.3 1080 5860 0048

104.9 1060 5810 0048

106.5 990 5600 0048

108.2 1090 5700 0048

109.8 1130 6060 0048

111.5 1160 6180 0048

113.1 1160 6180 0048

114.7 1130 6180 0.48

116.4 1120 6000 0.48

118.0 1120 6090 0048

119.7 1130 5830 0.48

121.3 1210 6030 0048

123.3 1310 6060 0048

124.6 1310 6180 0.48

126.2 1280 6180 0048

128.2 1270 5940 0.48

129.5 1230 5940 0048

131.1 1200 5940 0048

132.8 1160 5860 0048

134.4 1170 5940 0.48

136.1 1230 6210 0048

137.7 1370 6390 0.48

139.3 1470 6430 0047

141.0 1510 6530 0047

142.6 1420 6730 0048

144.3 1360 6660 0.48

146.2 1350 6490 0048

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

23.0 240 1550 0.49

23.5 240 1560 0.49

24.0 260 1580 0.49

24.5 270 1620 0.49

25.0 280 1640 0.48

25.5 290 1660 0.48

26.0 310 1690 0.48

26.5 310 1710 0.48

27.0 310 1750 0.48

27.5 320 1760 0.48

28.0 320 1750 0.48

28.5 320 1720 0.48

29.0 310 1750 0.48

29.5 320 1750 0.48

30.0 320 1750 0.48

30.5 330 1750 0.48

30.8 330 1760 0.48

31.5 330 1790 0.48

32.0 320 1770 0.48

32.5 300 1710 0.48

33.0 330 1740 0.48

33.5 340 1850 0.48

34.0 350 1880 0.48

34.5 350 1880 0.48

35.0 340 1880 0.48

35.5 340 1830 0.48

36.0 340 1860 0.48

36.5 340 1780 0.48

37.0 370 1840 0.48

37.6 400 1850 0.48

38.0 400 1880 0.48

38.5 390 1880 0.48

39.1 390 1810 0.48

39.5 380 1810 0.48

40.0 370 1810 0.48

40.5 350 1790 0.48

41.0 360 1810 0.48

41.5 380 1890 0.48

42.0 420 1950 0.48

42.5 450 1960 0.47

43.0 460 1990 0.47

43.5 430 2050 0.48

44.0 410 2030 0.48

44.6 410 1980 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-022

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(ft) (ft/s) (ft/s)

147.6 1300 6360 0.48

149.2 1310 6270 0.48

150.8 1280 6390 0.48

152.5 1310 6530 0.48

154.1 1310 6490 0.48

155.8 1350 6660 0.48

157.4 1460 6880 0.48

159.0 1440 6700 0.48

160.7 1310 6300 0.48

162.3 1210 5860 0.48

164.0 1250 5780 0.48

165.6 1210 5810 0.48

167.2 1190 5860 0.48

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(m) (m/s) (m/s)

45.0 400 1940 0.48

45.5 400 1910 0.48

46.0 390 1950 0.48

46.5 400 1990 0.48

47.0 400 1980 0.48

47.5 410 2030 0.48

48.0 450 2100 0.48

48.5 440 2040 0.48

49.0 400 1920 0.48

49.5 370 1790 0.48

50.0 380 1760 0.48

50.5 370 1770 0.48

51.0 360 1790 0.48
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SCHUYLER HElM BRIDGE BORING R-D9-D25
Source to Receiver and Receiver to Receiver Analysis
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Figure A-5. Boring R-09-025, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-5. Boring R-09-025, S - R1 quality assurance analysis P- and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) Ift/sl Ift/sl

8.1 340 3260 0.49

9.8 340 3520 0.50

11.4 360 4110 0.50

13.0 370 4520 0.50

14.7 400 4470 0.50

16.3 430 4690 0.50

18.0 420 4690 0.50

19.6 450 4830 0.50

21.2 470 4810 0.50

22.9 460 5060 0.50

24.5 500 5040 0.50

26.2 550 5040 0.49

27.8 570 5230 0.49

29.4 550 5210 0.49

31.1 530 5100 0.49

32.7 510 5040 0.49

34.4 500 5080 0.50

36.0 510 5080 0.49

37.6 510 5060 0.49

39.3 510 5040 0.49

40.9 540 5060 0.49

42.6 510 5040 0.49

44.2 530 5080 0.49

45.8 540 5060 0.49

47.5 530 5060 0.49

49.1 570 5040 0.49

50.8 600 5060 0.49

52.4 660 5190 0.49

54.0 710 5230 0.49

55.7 700 5230 0.49

57.3 640 5130 0.49

59.0 660 5150 0.49

60.6 690 5320 0.49

62.2 670 5340 0.49

63.9 700 5410 0.49

65.5 750 5430 0.49

67.2 740 5430 0049

68.8 750 5360 0049

70.5 760 5280 0049

72.1 780 5250 0049

73.7 770 5210 0049

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(rn) (m/sl Im/sl

2.5 100 990 0049

3.0 110 1070 0.50

3.5 110 1250 0.50

4.0 110 1380 0.50

4.5 120 1360 0.50

5.0 130 1430 0.50

5.5 130 1430 0.50

6.0 140 1470 0.50

6.5 140 1470 0.50

7.0 140 1540 0.50

7.5 150 1540 0.50

8.0 170 1540 0049

8.5 170 1590 0049

9.0 170 1590 0049

9.5 160 1560 0049

10.0 160 1540 0049

10.5 150 1550 0.50

11.0 150 1550 0049

11.5 150 1540 0049

12.0 160 1540 0049

12.5 160 1540 0049

13.0 160 1540 0049

13.5 160 1550 0049

14.0 160 1540 0049

14.5 160 1540 0049

15.0 170 1540 0049

15.5 180 1540 0049

16.0 200 1580 0049

16.5 220 1590 0049

17.0 210 1590 0049

17.5 200 1560 0049

18.0 200 1570 0049

18.5 210 1620 0049

19.0 200 1630 0049

19.5 210 1650 0049

20.0 230 1660 0049

20.5 230 1660 0049

21.0 230 1640 0049

21.5 230 1610 0049

22.0 240 1600 0049

22.5 230 1590 0049
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vp Ratio

(ft) (tus) (tus)

75.4 770 5320 0.49

77.0 770 5360 0.49

78.0 780 5250 0.49

80.3 810 5360 0.49

81.9 820 5300 0.49

83.6 860 5550 0.49

85.2 900 5650 0.49

86.9 930 5730 0.49

88.5 950 5650 0.49

90.1 990 5730 0.48

91.8 1000 5860 0.48

93.4 990 5920 0.49

95.1 970 5890 0.49

96.7 990 5890 0.49

98.3 1000 5920 0.49

100.0 1010 5970 0.49

101.6 1050 5920 0.48

103.3 1070 5920 0.48

104.9 1090 6000 0.48

106.5 1110 6030 0.48

108.2 1110 6030 0.48

109.8 1120 6000 0.48

111.5 1150 6090 0.48

113.1 1190 6120 0.48

114.7 1160 6150 0.48

116.4 1160 6030 0.48

118.0 1180 6000 0.48

119.7 1170 5970 0.48

121.3 1190 5920 0.48

122.9 1250 6120 0.48

124.6 1310 6240 0.48

126.2 1330 6460 0.48

127.9 1300 6360 0.48

129.5 1310 6390 0.48

131.1 1280 6270 0.48

132.8 1350 6490 0.48

134.4 1410 6730 0.48

136.1 1380 6730 0.48

137.7 1240 6660 0.48

139.3 1170 6490 0.48

141.0 1170 6490 0.48

142.6 1190 6560 0.48

144.3 1260 6430 0.48

145.9 1330 6660 0.48

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(m) (m/s) (m/s)

23.0 230 1620 0.49

23.5 240 1640 0.49

23.8 240 1600 0.49

24.5 250 1640 0.49

25.0 250 1610 0.49

25.5 260 1690 0.49

26.0 270 1720 0.49

26.5 280 1750 0.49

27.0 290 1720 0.49

27.5 300 1750 0.48

28.0 310 1790 0.48

28.5 300 1800 0.49

29.0 300 1790 0.49

29.5 300 1790 0.49

30.0 310 1800 0.49

30.5 310 1820 0.49

31.0 320 1800 0.48

31.5 330 1800 0.48

32.0 330 1830 0.48

32.5 340 1840 0.48

33.0 340 1840 0.48

33.5 340 1830 0.48

34.0 350 1860 0.48

34.5 360 1860 0.48

35.0 350 1870 0.48

35.5 350 1840 0.48

36.0 360 1830 0.48

36.5 360 1820 0.48

37.0 360 1800 0.48

37.5 380 1860 0.48

38.0 400 1900 0.48

38.5 410 1970 0.48

39.0 400 1940 0.48

39.5 400 1950 0.48

40.0 390 1910 0.48

40.5 410 1980 0.48

41.0 430 2050 0.48

41.5 420 2050 0.48

42.0 380 2030 0.48

42.5 360 1980 0.48

43.0 360 1980 0.48

43.5 360 2000 0.48

44.0 380 1960 0.48

44.5 410 2030 0.48
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-025

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vn Ratio

(ft) (Ws) (Ws)

147.6 1380 6660 0.48

149.2 1450 6730 0.48

150.8 1550 7030 0.47

152.5 1610 7030 0.47

154.1 1490 6700 0.47

155.8 1420 6150 0.47

157.4 1330 6000 0.47

159.0 1320 5700 0.47

160.7 1280 5600 0.47

162.3 1330 5680 0.47

164.0 1320 5600 0.47

165.6 1360 5630 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

45.0 420 2030 0.48

45.5 440 2050 0.48

46.0 470 2140 0.47

46.5 490 2140 0.47

47.0 450 2040 0.47

47.5 430 1870 0.47

48.0 410 1830 0.47

48.5 400 1740 0.47

49.0 390 1710 0.47

49.5 410 1730 0.47

50.0 400 1710 0.47

50.5 420 1720 0.47
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SCHUYLER HElM BRIDGE BORING R-QS-Q28
Source to Receiver and Receiver to Receiver Analysis
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Figure A-5. Boring R-09-028, R1 - R2 high resolution analysis
and S - R1 quality assurance analysis P- and Swwave data
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Table A-5. Boring R-09-028, S - R1 quality assurance analysis p, and Swwave data

Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ft/s) Ift/s)

8.1 370 2440 0.49

9.8 370 3660 0.49

11.4 350 4590 0.50

13.0 350 4490 0.50

14.7 410 4400 0.50

16.3 400 4650 0.50

18.0 420 4760 0.50

19.6 470 4720 0.49

21.2 520 4670 0.49

22.9 510 4690 0.49

24.5 540 4670 0.49

26.2 550 4780 0.49

27.8 570 4950 0.49

29.4 660 4980 0.49

31.1 690 4930 0.49

32.7 610 4910 0.49

34.4 570 4870 0.49

36.0 550 4670 0.49

37.6 520 4780 0.49

39.3 550 4760 0.49

40.9 600 4950 0.49

42.6 590 4870 0.49

44.2 570 4950 0.49

45.8 580 5000 0.49

47.5 570 5040 0.49

49.1 600 5020 0.49

50.8 670 5100 0.49

52.4 690 5130 0.49

54.0 730 5250 0.49

55.7 780 5250 0.49

57.3 780 5210 0.49

59.0 790 5300 0.49

60.6 800 5230 0.49

62.2 830 5250 0.49

63.9 870 5230 0.49

65.5 890 5390 0.49

67.2 880 5390 0.49

68.8 890 5320 0.49

70.5 890 5360 0.49

72.1 890 5340 0.49

73.7 890 5390 0.49

Metric Units

Depth at Midpoint Velocitv

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(rn) (m/s) (m/s)

2.5 110 740 0.49

3.0 110 1120 0.49

3.5 110 1400 0.50

4.0 110 1370 0.50

4.5 120 1340 0.50

5.0 120 1420 0.50

5.5 130 1450 0.50

6.0 140 1440 0.49

6.5 160 1420 0.49

7.0 160 1430 0.49

7.5 160 1420 0.49

8.0 170 1460 0.49

8.5 170 1510 0.49

9.0 200 1520 0.49

9.5 210 1500 0.49

10.0 190 1500 0.49

10.5 170 1480 0.49

11.0 170 1420 0.49

11.5 160 1460 0.49

12.0 170. 1450 0.49

12.5 180 1510 0.49

13.0 180 1480 0.49

13.5 170 1510 0.49

14.0 180 1530 0.49

14.5 170 1540 0.49

15.0 180 1530 0.49

15.5 200 1560 0.49

16.0 210 1560 0.49

16.5 220 1600 0.49

17.0 240 1600 0.49

17.5 240 1590 0.49

18.0 240 1610 0.49

18.5 250 1590 0.49

19.0 250 1600 0.49

19.5 260 1590 0.49

20.0 270 1640 0.49

20.5 270 1640 0.49

21.0 270 1620 0.49

21.5 270 1640 0.49

22.0 270 1630 0.49

22.5 270 1640 0.49
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(ft) (ftls) (ftls)

7504 890 5480 0049

77.0 900 5500 0049

78.7 860 5430 0049

80.3 830 5460 0049

81.9 800 5320 0049

83.6 730 5210 0049

85.2 730 5190 0049

86.9 730 5340 0049

88.5 760 5410 0049

90.1 850 5460 0.49

91.8 980 5630 0048

9304 1030 5810 0048

95.1 1010 5700 0.48

96.7 960 5460 0048

98.3 950 5480 0.48

100.0 940 5630 0.49

101.6 1030 5780 0.48

103.3 1090 6030 0.48

104.9 1120 6090 0.48

106.5 1120 6090 0.48

108.2 1030 5970 0.48

109.8 1030 6000 0.48

111.5 1030 5940 0.48

113.1 1030 5970 0.48

114.7 1030 6120 0.49

116.4 1110 6060 0.48

118.0 1080 6120 0.48

119.7 1080 6090 0.48

121.3 1010 6000 0.49

122.9 1030 6090 0.49

124.6 1090 6090 0.48

126.2 1110 6120 0.48

127.9 1160 6330 0.48

129.5 1210 6560 0.48

131.1 1230 6700 0.48

132.8 1280 6730 0.48

134.4 1340 6660 0.48

136.1 1360 6560 0.48

138.0 1330 6300 0.48

139.3 1330 6270 0.48

141.0 1310 . 6060 0.48

142.6 1310 5920 0.47

144.3 1300 5780 0047

145.9 1360 5700 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs Vo Ratio

(m) (m/s) (m/s)

23.0 270 1670 0049

23.5 270 1680 0049

24.0 260 1660 0049

24.5 250 1660 0049

25.0 250 1620 0049

25.5 220 1590 0049

26.0 220 1580 0049

26.5 220 1630 0049

27.0 230 1650 0049

27.5 260 1660 0049

28.0 300 1720 0048

28.5 310 1770 0048

29.0 310 1740 0048

29.5 290 1660 0.48

30.0 290 1670 0048

30.5 290 1720 0049

31.0 310 1760 0048

31.5 330 1840 0048

32.0 340 1860 0048

32.5 340 1860 0048

33.0 310 1820 0048

33.5 310 1830 0048

34.0 310 1810 0048

34.5 310 1820 0048

35.0 310 1860 0049

35.5 340 1850 0048

36.0 330 1860 0048

36.5 330 1860 0048

37.0 310 1830 0049

37.5 310 1860 0049

38.0 330 1860 0048

38.5 340 1860 0048

39.0 350 1930 0048

39.5 370 2000 0048

40.0 370 2040 0048

40.5 390 2050 0048

41.0 410 2030 0048

41.5 410 2000 0.48

42.1 400 1920 0048

42.5 410 1910 0048

43.0 400 1850 0048

43.5 400 1800 0047

44.0 400 1760 0.47

44.5 410 1740 0047
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Summary of Compressional Wave Velocity, Shear Wave Velocity, and Poisson's Ratio
Based on Source-to-Receiver Travel Time Data - Borehole R-09-028

American Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(ft) (ftls) (ftls)

147.6 1360 5750 0.47

149.2 1370 5700 0.47

151.2 1360 5600 0.47

152.5 1350 5580 0.47

154.1 1360 5550 0.47

155.8 1350 5390 0.47

157.4 1340 5410 0.47

159.0 1370 5430 0.47

160.7 1350 5410 0.47

162.3 1360 5630 0.47

164.0 1360 5650 0.47

165.6 1370 5650 0.47

167.2 1360 5700 0.47

Metric Units

Depth at Midpoint Velocity

Between Source and Poisson's
Near Receiver Vs VD Ratio

(m) (m/s) (m/s)

45.0 410 1750 0.47

45.5 420 1740 0.47

46.1 410 1710 0.47

46.5 410 1700 0.47

47.0 410 1690 0.47

47.5 410 1640 0.47

48.0 410 1650 0.47

48.5 420 1660 0.47

49.0 410 1650 0.47

49.5 410 1720 0.47

50.0 410 1720 0.47

50.5 420 1720 0.47

51.0 410 1740 0.47
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APPENDIX B

BORING GEOPHYSICAL LOGGING
SYSTEMS - NIST TRACEABLE CALIBRATION
PROCEDURES AND CALIBRATION RECORDS
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Metrology
7300 Fenwick Lane
Westminster, CA 92683
foil Free: 866-723-2257

Calibration Report

GEOVision Geophysical Services
1124 Olympic Drive

Corona, CA 92881-3390

Page 1 of 4

1111111 lilllllU m~"IIII~11 111\1111
573794

Lab Code: 105014-0

Manufacturer:
Model Number:
Description:
Asset Number:
Serial Number:
Cal. Procedure:
PO Number:

Oyo
3403
Unit, Suspension Telemetry

160023
160023
Customer

9200-090716-01

Ambient Ternnerature:
Ambient Humidity:
Condition As Found:
Condition As Left:
Calibration Date:
Calibration Due Date:
Calibration Interval:

23° C
56% RH
In Tolerance
In Tolerance - No Adjustment

07/17/2009
07/17/2010
12 Months

Remarks:
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SeE Document M013987, The data can be found on pages2 and 3 of this report with the original observation data on page 4.

Standards Utilized
.:-:eX: ·~(j;f;l!t:it5~t~: ;~YJJH:?a!t( .

S1-01252 Hewlett Packard 5335A OPT 010,203040 Counter, Universal 01/29/2009 07/29/2009

S1-01347 Hewlett Packard 3325A Generator, Function, Synthesizer 05/04/2009 11/04/2009

S1-03686 Fluke 910 Standard, Frequency, Controlled, Gps 01/24/2009 01/24/2010

Nome Title

714-895-0714
Phone

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014-0, and in compliance with ISOIIEC 17025:2005, ANSI/NCSL Z540-1-1994 and 10CFR50, Appendix B. Where uncertainties are provided,
the uncertai~¥:ototed is~he exp~ded uncertainty of the measurement, where k=2.
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Page 2 of 4

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

Test No. 573794
603Asset No.1 o 2

Out CALIBRATIONSTEP FUNCTION NO:MINAL
AS FOUND AS LEFT of

TOLERANCEVALUE TalNUM TESTED
-- -----------

CHHN 49.50 to 50.50 Hz
Frequency 50.00 Hz 50.00 Same

[EMU 0.000250]Sine Wave

99.0 to 101.0 Hz
I 100.0 Hz 100.0 Same [EMU 0.000500]

----

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same

[EMU 0.001000]
---------------

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same

[EMU 0.002500]
----f--

990 to 1010 Hz
I 1000 Hz 1000 Same

[EMU 0.005000]
---------j---

1980 to 2020 Hz
I 2000 Hz 2000 Same

[EMU 0.010000]
-----------

CHHR 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave

---

Same
99.0 to 101.0 HzI 100.0 Hz 100.0
[EMU 0.000500]

------..-

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same [EMU 0.001000]

-----

495.0 to 505.0 HzI 500.0 Hz 500.0 Same [EMU 0.002500]
-----f--

990 to 1010 HzI 1000 Hz 1000 Same [EMU 0.005000]
-----I-

1980 to 2020 HzI 2000 Hz 2000 Same [EMU 0.010000]
- --------- ---------- -_.-

CHV 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same [EMU 0.000250]Sine Wave
._------._-------- - -

99.0 to 101.0 Hz
I 100.0 Hz 100.0 Same [EMU 0.000500]

-------...----------

198.0 to 202.0 Hz
I 200.0 Hz 200.0 Same

[EMU ~.001000]___._
-------

495.0 to 505.0 Hz
I 500.0 Hz 500.0 Same [EMU 0.002500]

--- ----.__._- --------
Remarks:

MlldCals CPM: Version J.J.J (Professional)

Src DU1: (9548AF3D-C74D-4C9F.AEEF·2IEF560BC45I) (c)

Doc DUI: (lIB lOF47E.4C5F·4650.9ICB-A05A72E36JC1) (0)

ATTACHMENT 2
Page 1 of2

Customer
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Test No. 573794
Asset No. 160023

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4

STEP FUNCTION NOMINAL Out CALIBRAnONAS FOUND AS LEFT of
NUM TESTED VALUE Tol TOLERANCE

--------

CHV 990 to 1010 Hz
Frequency 1000 Hz 998.9 Same
Sine Wave [EMU 0.005000]

----- ---- ------

I 2000 Hz 2000 Same
1980 to 2020 Hz
[EMU 0.010000]

-------- ----

--

--

--

;----- --

--------1--- --

----- --..---_..._,._.-

------~---------- -------_ ...-

--- --

------

1------------ ---------

I

--

-----\--- " ..-

------- 1-------- --------- ------- ---------- -

-----'-- ----------.-
Remarks:

MudCnls CPM: Version2.2.2 {Prcfesstonul}

Src DUl: (9S48AF3D-C74D-4C9F-/JEEF-2IEFS60BC4SI) (c)

Doc DUl: (ABIOF47E-4CSF-4650-9ICB-AOSA72E36ICI) (D)

GEOVision Report 9375-01 rev a
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Page 2 of2
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SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.:
Serial no.:
By:

Counter mfg.:
Serial no.:
By:

Oyo
160023
Craig Branson

Hewlett-Packard
2626A09881
SCE #S1-01252

3403
7/17/2009
7/17/2010

5335A
1/29/2009
7/29/2009

SCE #S1-01347

Hewlett-Packard
2652A25647

Signal generator mfg.:
Serial no.:
By:

SYSTEM SETTINGS:
Gain:
Filter
Range:
Delay:
Stack (1 std)
System date =correct date and time

8
10KHz
See sample period in table below
o

7/17/2009

3325A
5/4/2009
11/4/2009

/010(

PROCEDURE:
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG.EXE program, note duration on data form, and save as
.sps file. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*100)% As found -0. r(/. As left
_0 ,\"(

Target Actual Sample File Time for Average Time for Average Time for Average
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 9 cycles Frequency

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr (Hz) V (msec) V (Hz)
50.00 50.00 200 401 '<go. 00 'j'O.DO /8 0 .0 0 '>0.00 I 'ijo. 00 5'0 0 0
100.0 100.0 100 402 qOoo 100.0 e:t c>. 00 IDe. 0 <70. DO I t/o . 0

200.0 200.0 50 403 '15'.00 z.oe.o L.( '5'.00 z.oo, 0 4'5'.0 0 Z-o&>.o

500.0 500.0 20 404 Iff.oo 5"0 0 . 0 / ~.OO 5'00.0 r e.e» ;)DO.O

1000 1000 10 405 q.ooo 1000 9.000 /(900 9.°10 qqx. q
2000 2000 5 406 4.?oe z.e ee t..f.5"oo Z-bt;O Lf.?'oO 2..J!:>OO

Signature
7/17/2009
Date

Craig Branson

Robert Steller 7/17/2009
Name Date Signature

Name

Witnessed by:

Calibrated by:

Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 July 21 , 2008
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Metrology
7300 Fenwick Lane
Westminster, CA 92683

Toll Free: 866-713-2257

Calibration Report

GEOVision Geophysical Services
1124 Olympic Drive

Corona, CA 92881-3390

• J ....

Page 1 of 4

1IIIIIIIImlllllm~[mmlllllllllli
573795

Lab Code: 105014-0

Manufacturer:
Model Number:
Description:
Asset Number:
Serial Number:
Cal. Procedure:
PO Number:

ayo
3403
Unit, Suspension Telemetry

160024

160024

Customer

9200-090716-01

Ambient Temnerature:
Ambient Humidity:
Condition As Found:
Condition As Left:
Calibration Date:
Calibration Due Date:
Calibration Interval:

23° C
56% RH
In Tolerance

In Tolerance - No Adjustment

07/17/2009
07/17/2010
12 Months

Remarks:
The unit was calibrated with the customer's procedure and specification's which have been reviewed by Metrology Engineering and documented
in SCE Document M013987. The data can be found on pages 2 and 3 of this report with the original observation data on page 4.

Standards Utilized

S1-01252

S1-01347

S1-03686

Hewlett Packard

Hewlett Packard

Fluke

5335A OPT 010,203040

3325A

910

Counter, Universal

Generator, Function, Synthesizer

Standard, Frequency, Controlled, Gps

01/29/2009 07/29/2009

05/04/2009 11/04/2009

01/24/2009 01/24/2010

Branson, Craig A f\ lit,'S------~....:_--
Nnme

Metrologist
Tille

714-895-0714
Phone

This report may not be reproduced, except in full, without written permission of this laboratory. This report must not be used by the client to claim product
certification, approval, or endorsement by NVLAP, NIST, or any agency of the Federal Government. The results stated in this report relate only to the
items tested or calibrated. Measurements reported herein are traceable to SI units via national standards maintained by NIST. This laboratory and
calibration are in compliance with NVLAP laboratory accreditation criteria established by NIST/NVLAP under the specific scope of accreditation for lab
code 105014-0, and in compliance with ISOIIEC 17025:2005, ANSIINCSL Z540-1-1994 and 10CFR50,Appendix B. Where uncertainties are provided,
the uncerta~~eWlted i~the ex~anded uncertainty of the measurement,where k=2.
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Page 2 of 4

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry,

Test No. 573795
160024Asset No.

Out CALIBRATIONSTEP FUNCTION NOMINAL
AS FOUND AS LEFT of

TOLERANCENUM TESTED VALUE Tol
--

CHHN 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500]

--------

198.0 to 202.0 HzI 200.0 Hz 200.2 Same
[EMU 0.001000]

---~t-- -_._-

495.0 to 505.0 HzI 500.0 Hz 500.0 Same
[EMU 0.002500]

990 to 1010 HzI 1000 Hz 1000 Same
[EMU 0.005000]

---

1980 to 2020 HzI 2000 Hz 2000 Same
[EMU 0.010000]

---;----

49.50 to 50.50 HzCHHR
Frequency 50.00 Hz 50.00 Same

[EMU 0.000250]Sine Wave
---t--

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500]

- ---~---

198.0 to 202.0 HzI 200.0 Hz 200.0 Same
[EMU 0.001000]

- --------- ----

495.0 to 505.0 HzI 500.0 Hz 500.0 Same
[EMU 0.002500]

-_.'---

990 to 1010 HzI 1000 Hz 1001 Same
[EMU 0.005000]

----

1980 to 2020 HzI 2000 Hz 2000 Same
[EMU 0.010000]

-- -------~1-------

CHV 49.50 to 50.50 HzFrequency 50.00 Hz 50.00 Same
[EMU 0.000250]Sine Wave _ -_._-1----- ---

99.0 to 101.0 HzI 100.0 Hz 100.0 Same
[EMU 0.000500]

--_._---1---- ------

198.0 to 202.0 HzI 200.0 Hz 200.0 Same
[EMU 0.001000]

---

495.0 to 505.0 HzI 500.0 Hz 500.0 Same
[EMU 0.002500]

Remarks:

j"tlulCtllS CPM: Version 2.].2 (Pl'o!essiomll)

SI'C DU1: (9548AF3D-C74D-4C9F-AEEF-21EF560BC451) (c)

Doc DU1: (1269COB2-3A13-416A-B1BF-409D98BlDDDA) (0)

ATTACHMENT 2
Page 1 of2

Customer

GEOVision Reporl 9375-01 rev a Page 70 of 72 November 11, 2009
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Test No. 573795
Asset No. 160024

Custom Specification Report
Oyo 3403 Unit, Suspension Telemetry, Page 3 of 4

STEP FUNCTION NOMINAL Out CALIBRATION
AS FOUND AS LEFT of

NUM TESTED VALUE Tal TOLERANCE
1------ --- .-

CHV 990 to 1010 HzFrequency 1000 Hz 1000 Same
Sine Wave [El\1U 0.005000]

--_. ---- --

I 2000 Hz 2000 Same
1980 to 2020 Hz
[El\1U 0.010000]

--_.-

--

---- -- _.-

--- --

-- --

1-------- ._- --

-_.. ---- ~----

-----..-

-_ ..

.._------ -- ._-

f---- -- ._-

._-

--"-_. ---- --

--_.._---_._-.------ ..- .-_.. .._---_. _..-
Remarks:

MlltlClIlS CPM: Version2.2.2 (Professiol/al)

Sre DUI: (9548,fF3D-C74D-4C9F-AEEF-2/EF560BC45/) (c)

Doc DUI: (/269COB2-3A /3-416A-B1BF-409D9887DDDA) (0)

GEOVision Report 9375-01 rev a

ATTACHMENT 2
Page 2 of2

Page 71 of 72

Customer

Novem ber 11, 2009



I &> VO 'c: '-f --l+e~~c;~-i

573/C{5

SUSPENSION PS SEISMIC LOGGER/RECORDER CALIBRATION DATA FORM

INSTRUMENT DATA
System mfg.:
Serial no.:
By:

Counter mfg.:
Serial no.:
By:

Oyo
160024
Craig Branson

Hewlett-Packard
2626A09881
scs #S1-01252

3403
7/17/2009
7/17/2010

5335A
1/29/2009
7/29/2009

Hewlett-Packard
2652A25647
SCE #S1-01347

Signal generator mfg.:
Serial no.:
By:

SYSTEM SETTINGS:
Gain:
Filter
Range:
Delay:
Stack (1 std)
System date =correct date and time

8
10KHz
See sample period in table below
o

7/17/2009

3325A
5/4/2009
11/4/2009

/ c» 3"1
PROCEDURE:
Set sine wave frequency to target frequency with amplitude of approximately 0.25 volt peak
Note actual frequency on data form.
Set sample period and record data file to disk. Note file name on data form.
Pick duration of 9 cycles using PSLOG .EXE program. note duration on data form, and save as
.sps tile. Calculate average frequency for each channel pair and note on data form.

Average frequency must be within +/- 1% of actual frequency at all data points.

Maximum error ((AVG-ACT)/ACT*100)% As found o. /0 'I. As left o (0 .(

Target Actual Sample File Time for Average Time for Average Time for Average
Frequency Frequency Period Name 9 cycles Frequency 9 cycles Frequency 9 cycles Frequency

(Hz) (Hz) (microS) Hn (msec) Hn (Hz) Hr (msec) Hr (Hz) V (msec) V (Hz)
50.00 50.00 200 501 I~O t>O '0.00 1)10,00 ')0.00 18 t!J. ae» 5"0. DO

100.0 100.0 100 502 90,00 10",0 q e; 00 100.0 9o.o~ !O(!),O

200.0 200.0 50 503 '1'1,15 Z. 00. 'L ~ 5'.ot> z..oo,D 45".00 200,'0

500.0 500.0 20 504 t 'Zt .oo 5"'C'o.o t e.e» ~oe.o J 8. D 0 5"Do,o

1000 1000 10 505 '1. "olJ lOOt:) 9, c;"10 I a o I q 000 /000

2000 2000 5 506 1.(, "fOo 2....00" 4.50 0 Z.ooo 4,5"00 2,000

Calibrated by:

Witnessed by:

Craig Branson
Name

Robert Steller

7/17/2009
Date

7/17/2009

Suspension PS Seismic Recorder/Logger Calibration Data Form Rev 2.0 July 21 , 2008

GEOVision Report 9375-01 rev a Page 72 of 72 November 11, 2009



APPENDIX C. LABORATORY SOIL TEST RESULTS



SUMMARY OF LASORATORY TEST RESULTS

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO. : 09-230-008

PROJECT NO.: 06-123-03 CLIENT: Earth Mechanics, Inc

DATE: 11/23/2009 SUMMARIZED BY: JT

*LL,PL,PI =Liquid Limit, Plastic Limit, Plasticity Index

MOISTURE DRY O/OPASSING ATTERBERG
CONTENT DENSITY #200 LIMIT

BORING SAMPLE DEPTH ASTM ASTM ASTM ASTM
No. No. (ft) 02216 02937 01140 04318

(%) (PCF) (%) (LL,PL,PI)*
R-09-035 S-01 5.0 25.4 9.3
R-09-035 0-02 10.0 38,29,10
R-09-035 U-03 15.0 28,23,5
R-09-035 0-04 20.0 43.1 80.0
R-09-035 0-06 30.0 33.3 90.2 24,22,2
R-09-035 S-07 35.0 48.8
R-09-035 0-08 40.0 31.1 92.7
R-09-035 S-09 45.0 39.7
R-09-035 U-10 50.0 NP
R-09-035 S-11 55.0 33.4 37.0
R-09-035 0-12 60.0 21.9 105.4
R-09-035 S-13 65.0 19.9
R-09-035 0-14 70.0 27.0 98.7

..



PROJECT NAME:

PROJECT NO.:

SUMMARY OF CORROSION TEST RESULTS

ACTA Heim Bridge Replacement EGL JOB NO: 09-230-008

06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 11/30/2009 Summarized By: RJ

Chloride Sulfate Minimum
pH Content Content Resistivity

BORING SAMPLE DEPTH CalTrans CalTrans CalTrans CalTrans
NO NO 643 422 417 643

(ft) (ppm) (% by weight) (ohm-em)

R-09-035 0-02 10 7.88 465 0.051 610
R-09-035 S-09 45 8.65 2215 0.056 230



SUMMARY OF LABORATORY TEST RESULTS
SPECIFIC GRAVITY

PROJECT NAME: ACTA Heim Bridge Replacement EGL JOB NO.: 09-230-008

PROJECT NO: 06-123-03 CLIENT: Earth Mechanics, Inc.

DATE: 12/1/2009 SUMMARIZED BY: JT

SPECIFIC
BORING SAMPLE DEPTH GRAVITY

NO NO (ft) ASTM
D 854

R-09-035 U-03 15 2.763
R-09-035 U-10 50 2.742



GRAVEL I SAND SILT OR CLAY
ICOARSE FINE COARS MEDIUM FINE

u.s STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER HYDROMETER

3" 1-W' %" 3/8" #4 #10 #20 #40 #100 #200
~ 100

I r I I
I~ \11 l I I

T
90

I 80
\

f- 1\J: 70
(9

I 1\ I
m
S 60>-

I I I
co \ex:
ill 50z I I -1\ I
i::L
f-

40z

I
~ill

U
ex:
ill 30
0..

I - I 1'\ 20

~~ I I I I
Its'!:

-~

- I'--FT 10

III I II I I 0

100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

SYMBOL
BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY

No. No. (FT) TYPE TYPE LIMIT INDEX

D R-09-035 U-03 15
Shelby

ML 28 5
Tube

Project Name:$. ENVIRONMENTAL
ACTA Heim Bridge Replacement

GEOTECHNOLOGY
Client:,....... .,

LABORATORY
Earth Mechanic, Inc....~,.

Job No: 06-123-03
EGL Project No: 09-230-008

GRAINSIZE
DISTRIBUTION CURVE

11/29/09 (ASTM D422) FIGURE



GRAVEL I SAND SILT OR CLAY
ICOARSE FINE COARS MEDIUM FINE

IJ.S STANDARD SIEVE OPENJNG U.S. STANDARD SIEVE NUMBER HYDROMETER

3" 1-'h" %" 3/8" #4 #10 #20 #40 #100 #200
100

I I ~ I II '~ I I 90

I I I I I- \ 80

\ IIl-
I 70
<.9

I I I
\ill

S 60>-

I I I I I
co
0:::
ill 50z 1\1
u::: \jI-
Z

I ~.
40

ill
0
0:::
ill 30
0...

I I I ~ I 20

I I H- Ie' 10

I I II II
I'cJ

0

100 10 1 0.1 0.01 0.001

GRAIN SIZE (mm)

SYMBOL
BORING SAMPLE DEPTH SAMPLE SOIL LIQUID PLASTICITY

No. No. (FT) TYPE TYPE LIMIT INDEX

0 R-09-035 U-10 50
Shelby

ML NP N/A
Tube

Project Name:
. .. . . ACTA Heim Bridge Replacement.g~g ENVIRONMENTAL

GEOTECHNOLOGY
Client:,..... .r

LABORATORY
Earth Mechanic, Inc.

........r----- Job No: 06-123-03

EGL Project No: 09-230-008

GRAINSIZE
DISTRIBUTION CURVE

11/29/09 (ASTM 0422) FIGURE
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5-- "'"~

O~.

20 -,-------,----------,---------,--------

UJ
e:..15+--------f--------l---------l---------J
UJ
UJ
W
0::

~ 10 +--------f--------l---------l---------J
0::
o
~
~
o

o 5 10
AXIAL STRAIN (%)

15 20

20 -.,-----------,--------,---------..-------~

~

(j) 15 -1---------+--------+---------1---------1
0..

UJ
UJ
W
0:::
f-
UJ 10 -1----------l---------l---------1-------------l
0::«
w
I
UJ

5 -1---------+--------+---------1---------1
-

10 20

NORMAL STRESS (PSI)

30 40

Boring Depth Sample Soil Sample Moisture Dry Effective Maximum Strain Initial

Content Density Confmed Deviator Rate Saturation

No (ft) No Type Type (%) (pcf) Pressure (psi) Stress (psi) (in/min) (%)
R-09-

15 U-03 ML
Shelby

41.01 80.0 5.0 8.5 0.06 100.0
035 Tube

....... ENVIRONMENTAL Project Address: ACTA Heim Bridge Replacement

@~. GEOTECHNOLOGY
';~" LABORATORY Client: Earth Mechanics, Inc.

Job No: 06-123-03

EGL Project No: 09-230-008

UNCONSOLIDATED UNDRAINED
(ASTM 02850)

11/29/09 Figure



Project Name: ACTA Heim Bridge Replacement

Boring: R-09-035 Sample 10: U-03 Depth (ft): 15

20

,....-,.
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(j)
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o 5 10
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15 20



Project Name: ACTA Heim Bridge Replacement

Boring: R-09-035 Sample 10: U-03 Depth (ft): 15

10 I I I I I

----w
~
www
~
~w
~ 51
~~ Iw I

I

\
5 10

NORMAL STRESS (PSI)

15 20
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Boring Depth Sample Soil Sample Moisture Dry Effective Maximum Strain Initial

Content Density Confined Deviator Rate Saturation

No (ft) No Type Type (%) (pcf) Pressure (psi) Stress (psi) (in/min) (%)

R-09-
50 U-IO ML

Shelby
22.25 106.6 14.0 62.1 0.06 103.5

035 Tube

ENVIRONMENTAL Project Address:

GEOTECHNOLOGY

LABORATORY Client:

ACTA Heim Bridge Replacement

Earth Mechanics, Inc.

Job No: 06-123-03

EGL Project No: 09-230-008

UNCONSOLIDATED UNDRAINED
(ASTM 02850)

11/29/09 Figure



Project Name: ACTA Heim Bridge Replacement

Boring: R-09-035 Sample 10: U-10 Depth (ft): 50

--
-
-
-
-

~

- ~--
- ~--
- .>-
--
-

/---

- V-
- -:-
-
- /-

- .:--
-
- /--

~ /
~/

-V, I I I I I I I I I I I
I

70
65
60

:::::- 55
(f)

e::- 50
~ 45
~ 40
I
(f) 35
gs 30
~ 25
GJ 20
o 15

10
5
o

o 5 10
AXIAL STRAIN (%)

15 20



Project Name: ACTA Heim Bridge Replacement

Boring: R-09-035 Sample 10: U-10 Depth (ft): 50
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I
1 10 100

COMPRESSIVE STRESS (KSF)

Symbol

o

Boring
No.

R-09-035

Sample
No.

D-02

Depth
(Ft.)

10.0

Soil
Type

ML

Init. Moisture
Content (%)

48.0

Init. Dry
Density (PCF)

73.9

Init. Void
Ratio

1.279

:-'::':;:::::. ENVIRONMENTAL
~f~iJ~ GEOTECHNOLOGY
~~ LABORATORY

Project Name:

ACTA Heim Bridge Replacement

Client: Earth Mechanics, Inc.

Job No: 06-123-03

EGL Project No: 09-230-008

12/09

CONSOLIDATION
(ASTM 02435) Figure
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Project Name: ACTA Heim Bridge

GEOTECHNOLOGY Project No: 06-123-03

LABORATORY EGL Project No: 09-230-008

Boring No: R-09-035

Sample No: 0-02

Depth (ft): 10

Soil Type: ML

Normal Stress: 1.0 ksf

ENVIRONMENTAL Client:

Replacement

Earth Mechanics, Inc

TIME DEFORMATION CURVE

12/09 (ASTM 02435) Fiqure
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Boring No: R-09-035 Project Name: ACTA Helm Bridge

Sample No: 0-02 Replacement

Depth (ft): 10 ENVIRONMENTAL Client: Earth Mechanics, Inc

Soil Type: ML
~~~. '.~"'.'-': GEOTECHNOLOGY Project No: 06-123-03-..

Normal Stress: 4.0 ksf
LABORATORY EGL Project No: 09-230-008

TIME DEFORMATION CURVE

12/09 (ASTM 02435) Figure
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0 R-09-035 U-03 15.0 ML 40.8 78.1 1.157

Project Name:

ACTA Helm Bridge Replacement
,:::.,:,;,'", ENVIRONMENTAL Client: Earth Mechanics, Inc.

~~~~ GEOTECHNOLOGY Job No: 06-123-03
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I 12/09 (ASTM 02435) Figure
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Boring No: R-09-035 Project Name: ACTA Heim Bridge

Sample No: U-03 Replacement

Depth (ft): 15 ENVIRONMENTAL Client: Earth Mechanics, Inc

Soil Type: ML ~ii GEOTECHNOLOGY Project No: 06-123-03

Normal Stress: 1.0 ksf
LABORATORY

EGL Project No: 09-230-008

TIME DEFORMATION CURVE

12/09 (ASTM D2435) Figure
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Boring No: R-09-035 Project Name: ACTA Heim Bridge

Sample No: U-03 Replacement

Depth (ft): 15 ENVIRONMENTAL Client: Earth Mechanics, Inc

Soil Type: ML
., GEOTECHNOLOGY Project No: 06-123-03

Normal Stress: 4.0 ksf
LABORATORY EGL Project No: 09-230-008

TIME DEFORMATION CURVE

12/09 (ASTM 02435) Fiqure
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Boring Sample Depth Soil Init. Moisture Init. Dry Init. Void

No. No. (Ft.) Type Content (%) Density (PCF) Ratio

0 R-09-035 U-10 50.0 ML 21.6 109.1 0.544

Project Name:
ACTA Heim Bridge Replacement

....... ,

ENVIRONMENTAL Client: Earth Mechanics, Inc....~ ......

::':':'f{[iii!!!i GEOTECHNOLOGY Job No: 06-123-03•••• u .~ •• _.
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'"i;~I' LABORATORY EGL Project No: 09-230-008

I
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12/09 (ASTM 02435) Figure
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Boring No: R-09-035
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Soil Type: ML
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Boring No: R-09-035 Project Name: ACTA Heim Bridge

Sample No: U-10 Replacement

Depth (ft): 50 ENVIRONMENTAL Client: Earth Mechanics, Inc

Soil Type: ML @iLij GEOTECHNOLOGY Project No: 06-123-03
~.

LABORATORY
Normal Stress: 4.0 ksf EGL Project No: 09-230-008

TIME DEFORMATION CURVE

12/09 (ASTM 02435) Fiqure
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NORMAL PRESSURE (PSF)

Boring No.:
Sample

Depth (ft)
Sample

Soil Type Symbol
Cohesion Friction

No. Type (PSF) Angle
0 484 35

R-09-035 0-14 70 Ring SM
228 30D

Initial Final
Project Name:

Normal
ENVIRONMENTAL ACTA Heim Bridge Replacement

Stress Moisture Moisture ••••::.:.:".....:.:.:.:.:.:......... ...... GEOTECHNOLOGY Client: Earth Mechanics, Inc.
(psf) (%) (%) ............:. :.....-:::

~........ .......~~;~ LABORATORY Project No: 06-123-03

4000 27.0 30.7 EGL Project No: 09-230-008

6000 27.0 29.3 DIRECT SHEAR8000 27.0 29.3
12/09 (ASTM 03080) Fi ure



AP Engineering & Testing, Inc.

MOISTURE AND DENSITY TEST RESULTS

Client Name: Earth Mechanics, Inc. Laboratory No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date: 11/18/09

Project Number: 06-123-03

Boring Sample Sample Moisture Dry Density
No. No. Depth (ft.) Content (%) (pet)

R-09-036 8-03 15 43.6 NA

R-09-036 0-06 30 32.2 91.8

R-09~036 0-08 40 32.8 89.5

R-09-036 8-09 45 38.7 NA

R-09-036 8-11 55 28.4 NA

R-09-036 0-12 60 36.7 91.0

R-09-036 . 8-13 65 25.2 NA

R-09-036 0-14 70 36.9 97.2

R-09-036 8-15 75 14.6 NA



~~""5~~=-.:-- - AP Engineering & Testing, Inc.

POCKET PENETROMETER DATA

Client Name:

Project Name:

Project Number:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

Laboratory No.:

Oate:

29-1121

11/17/09

Boring
No.

R-09-036

R-09-036

R-09-036

R-09-036

R-09-036

Sample
No.

0-02

0-04

U-05

0-06

0-08

Depth
(feet)

10

20

25

30

40

Pocket
Penetrometer (tsf)

0.53

0.33

1.00

0.67

1.75



AP Engineering & Testing, Inc.

PERCENT PASSING NO. 200 SIEVE

Client Name:
Project Name:
Project Number:

Boring
No.

R-09-036
R-09-036
R-09-036
R-09-036
R-09-036
R-09-036
R-09-036

Earth Mechanics, Inc.
ACTA Heim Bridge Replacement
06-123-03

Sample
No.
8-01
8-03
0-06
8-07
8-09
8-11
8-13

Laboratory No.:
Date:

Sample
Depth (ft)

5
15
30
35
45
55
65

29-1121
11/18/09

Percent Fines
(%)

75.38
79.26
32.51
21.13
80.15
45.51
14.11

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318



AP Engineering & Testing, Inc.

GRAIN SIZE DISTRIBUTION CURVE
ASTM D 422

Client Name:

Project Name:

Project No.:

Earth Mechanics, Inc.

ACTA Heim Bridge Replacement

06-123-03

GRAVEL SAND SILT OR CLAY

COARSE I FINE ~OARSE I MEDIUM FINE

I
SIEVE OPENING

I I
SIEVE NUMBER HYDROMETER

#8#10 #16 #30 #50 #100 #200
~ ~

~ I ~I ~r}~

~ I ,, ~
1\,

80 +H+++-+-+--+--t++t-H-t-+---1:---t+H-+-+-+-+--+---++-t--H\-++-+--+-"-H+HH-+-+-+-----1

90 +H+++-+-+--+--t++HH-t-+---1:---t+H-+-+-+-+--+---+KJJ-+-+-+-+-~--t++HH-+-+-+---1

~

1\

\
'\

20 +t++-t-+-+--+--+--+t+HH--t-+--I:----t+H-H--+-+--+--+H-+t-++-+--+----Fi'''l.d-::-I-t-t-+-j-----I

0.0010.010.1

PARTICLE SIZE (mm)

10

o +t++++-+--I--I--I-H-!-++-+--I--+---,-H-++++--+-I----+H+++--l-+--IL.--+H-H-+-+-f--+--i

100

Symbol Boring No. Sample Sample
No. Depth

(feet)
Gravel

Percent

Sand Fines

Atterberg Limits Soil Type
LL:PL:PI ASTM

D 2487

o R-09-036 U-05 25 0.00 9.35 90.65 NIP ML

D R-09-036 D-10 50 0.00 0.16 99.84 56:29:27 CH



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03--'--'--'----'---------

Tested By: DK-----
Checked By: -".-A",-P _

Date: 11/24/09
Date: 12/01/09

60 ...---...,----,----,---..,----..-----,---,.-----.,..-----,-------,

501----+----j----+----+----1---_+---+----J--~t__--1

I
MH oriH

CL

c:x 40 ~I---+----j----+----+----I---_+---+___:.,r_--J---j__--I
UJ
CI
Z
;: 30 ~I_--+_--+_--_j_--_I_--_I---____J.~-__+--__f---I_-____l
I-
U
i=
~ 20 ~I---+_--+_--_j_--_I_-~""-I----+--__+--__f---l__--I
...J
a.

::I.MI I

10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 90 100

60 ~,--------;--+---;----;--_,____;_--;-__;__,_.,

45 +-----t---j--+--f--+-_+-+_+_+__-l

50 +---;a;;:---I_-j---f---f--1--+__+-+--+--1-

10025

Number of Blows

40 ~f-,-----+---J-+--+--+-+---+-.f--!-!

10

55 ~1------J--+-_+-_+-+__+___+_+___1_1

PROCEDURE USED

D Wet Preparation

C
0 ....

Dry Preparation c:
.Sl
c:
0

0
o

Procedure A e
.a

Multipoint Test 1Il
'0
2:

D Procedure B

One-point Test

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Svmbol

• R-09-036 0-02 10 47 24 23 CL

R-09-036 U-05 25 NP NP NP

* NP denotes "non-plastic"



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03------------

Tested By: ..=D...;..K=--__
Checked By: _A_P _

Date: 01/06/10
Date: 01/08/10

60 -.----,.-----r---,----;----,----..,..----;-----,---.-------,

50 -I---+_--+----+----t----I----I---__+-----!--~j__-___l

I
MH or CH

CL

~ 40 -I----+-----+----j-----+----I----I----I---:/-'---t---+---I
><w
o
z
;: 30 -I----+-----+----j-----+----I------J.~-__:I----t---+---I
I-
U
i=
~ 20 ~----+----+----I_--__+-__::ii'''''''-I---__+--___!i__--+__--+_--I
....I
a.

CL-ML I

10 20 30 40 50 60

LIQUID LIMIT (LL)

70 80 90 100

PROCEDURE USED
50 -.--------,--t--..,..--..,..-...,---,---,---,--,--,

D Wet Preparation
~ 45 -1----4I>:----+---I--f---+--+--+--+--+--+-1

35 -1-------1--j---I---I---+--+---+-+-+--I

10025

Number of Blows

30 -I-,-------f--l--+--+--+-+-+-+-H

10

....
l::
Ql

C
8 40 ~-----+____+___!~___!i__-t-__+--+__+__+-I

~
.a
in
'0
:2:

Dry Preparation

Procedure A

Multipoint Test

Procedure B

One-point Test
D

Symbol Boring Sample
Number Number

Depth
(feet)

LL PL PI U.S.C.S
Svmbol

R-09-036 0-04 20 42 28 14 ML



AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03...;;..,;.-----------

Tested By: WJO...;...;;..:...:-_--

Checked By: _A_P _
Date: 01/05/10
Date: 01/08/10

v
V
/~CL Y

-"
V

-: MH orC H

.~(~1 (':1 -MIl

I I

80

60

50

S 40
><w
Cl
z
;:: 30
I-
C3
i=
~ 20
..J
n,

10

o
o 10 20 30 40 50 60

LIQUID LIMIT (LL)

70 90 100

I
I

I

I I
I
I

I

I
I.....
~ -A.

PROCEDURE USED

D Wet Preparation

o Dry Preparation

o Procedure A

Multipoint Test

D Procedure B

One-point Test

40

~ 35
.....
c:
Ql

E
0 30o
~
:::l.....
UJ
'0 25:2:

20
10 25

Number of Blows
100

Symbol Boring Sample Depth LL PL PI U.S.C.S
Number Number (feet) Svmbol

• R-09-036 S-09 45 24 19 5 CL-ML

* NP denotes "non-plastic"



~~~""- - AP Engineering & Testing, Inc.

ATTERBERG LIMITS
ASTM D 4318

Project Name: ACTA Heim Bridge Replacement
Project No.: 06-123-03--..:..;...;..:----------

Tested By: _D_K _

Checked By: ..;.,.A..:.;,.P _
Date: 11/24/09
Date: 12/01/09

MH orC H

/v
V

YCL

50 -1---f----f----j----I----I----j----+----t--7""1---1

60 -,....---.,....----,----,...----,.....----r------;------,------..,.------,-----,

a:X 40 -1---f---+----j----f----I----f----+---.~--t----1---1
w
Cl
z
;: 30 +---+----+----+----\----+----\;;,,----[-----"i------+------I
l-
e:;
i=
~ 20 -1---f----f----j----f---7"9----j----f-----t----I-----j
..I
0..

~I .MI I

10 20 30 40 50 60 70 80 90 100

LIQUID LIMIT (LL)

60 -I------[--+---I---I---+--+--I--+--+--I

65 f-----f---1--+---I---j--+---+-+-1--1

100

""--
25

Number of Blows

55 -

50 +-,-----+--;---+---+----;-+--+-+-+-1
10

PROCEDURE USED

D Wet Preparation
~
~

0 Dry Preparation E
Ql

E
0

0
o

Procedure A Ql...
.a

Multipoint Test III
'0
a

D Procedure B

One-point Test

Symbol Boring
Number

Sample
Number

Depth
(feet)

LL PL PI U.S.C.S
Symbol

R-09-036 0-10 50 56 29 27 CH



a~=- - AP Engineering & Testing, Inc.

SPECIFIC GRAVITY
ASTM 0854

AP Number: 29-1121

Client: Name: Earth Mechanics, Inc. Tested By: KM Date: 11/24/09

Project Name: ACTA Heim Bridge Replacement Data Input By: KM Date: 11/30/09

Project No. : 06-123-03 Checked By: AP Date: 11/30/09

BORING NUMBER R-09-036

SAMPLE NUMBER U-05

DEPTH (FT) 25

SOIL CLASSIFICATION Silt

METHOD (A OR B) B

FLASK NUMBER 1

WT. FLASK+WATER+SOIL, 9 385.76
TEMPERATURE,oC 19.5

CORRECTION FACTOR 1.0001

WT. DRY SOIL, 9 37.81

WT. FLASK + WATER, 9 249.36

% RETAINED #4 0.00

% PASSING #4 100.00

MATERIAL EXCLUDED None

SPECIFIC GRAVITY (GS,20'C ) I 2.68 II II II II II I

2607 Pomona Boulevard. Pomona, California 91768

Tel. (909) 869-6316, Fax (909) 869-6318
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AP Engineering & Testing, Inc.

CORROSION TEST RESULTS

Client Name: Earth Mechanics, Inc. AP Job No.: 29-1121

Project Name: ACTA Heim Bridge Replacement Date 11/18/09

Project No.: 06-123-03

Boring Sample Depth Soil Type Minimum pH Sulfate Content Chloride Content
No. No. (ft) Resistivitv (ohm-em) (ppm) (ppm)

R-09-036 S-03 15 ML 150 8.0 1187 12774

R-09-036 S-09 45 ML 190 7.7 680 9790

NOTES: Resistivity Test and pH: California Test Methods 532 and 643

Sulfate Content California Test Method 417

Chloride Content: California Test Method 422

NO = Not Detectable

NA = Not Sufficient Sample

NR = Not Requested

2607 Pomona Boulevard, Pomona, CA 91768
Tel. (909) 869-6316 Fax. (909)869-6318
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UNCONSOLIDATED UNDRAINED TRIAXIAL TEST (UU,Q)
ASTM D 2850

Client Name: Earth Mechanics, Inc. Tested By: KK Date: 11/18/09

Project Name: ACTA Heim Bridge Replacement Checked by: AP Date: 12/02/09

Project No.: 06-123-03

Boring No.: R-09-036

Sample No.: U-05 Depth (feet): 25

Soil Description Gray Silt w/shell Sample Type: Shelby

Sample Diameter (inch): 2.875 Wet Unit Weight (pcf): 111.7

Sample Hieght (inch): 6.0 Dry Unit Weight (pcf): 78.6

Sample Weight (gms): 1142.84 Moisture Content (%): 42.1

Wt. Wet Soil+Container(gms) 1351.61 Void Ratio for Gs=2.7: 1.14

wt. Dry Soil+Container(gms) 1010.90 % Saturation: 99.5

Wt. Container (gms) 202.38

TEST DATA
Deviator Axial

Cell Pressure (ksf): 1.15 Load Def. Area Stress Strain

Back Pressure (ksf): 0.0 (Ibs) (inch) (sq.in) (ksf) (%)

Eff. Confining Pressure (ksf): 1.15 0 0.000 6.49 0.00 0.00

Shear Rate (%/min): 0.3 9 0.005 6.50 0.20 0.08

Maximum Deviator Stress (ksf): 1.7 11 0.010 6.50 0.24 0.17

Ultimate Deviator Stress (ksf): 1.7 15 0.020 6.51 0.33 0.33

Ultimate Undrained Shear Strength (ksf): 0.8 17 0.025 6.52 0.38 0.42

Axial Strain @ Maximum Stress (%) 16.67 18 0.030 6.52 0.40 0.50

22 0.060 6.56 0048 1.00

2.0 31 0.090 6.59 0.68 1.50

1,- 34 0.120 6.62 0.74 2.00

37 0.150 6.66 0.80 2.50

_JI 45 0.200 6.72 0.96 3.33

1.5 . 50 0.250 6.77 1.06 4.17

V 56 0.300 6.83 1.18 5.00
;:;::-
1Il 63 0.350 6.89 1.32 5.83
==-

)1Il 65 00400 6.96 1.35 6.67
1Il
Q)
"- 70 0.450 7.02 1.44 7.50en 1.0 .

!
"- 74 0.500 7.08 1.50 8.330-t1l

75 0.550 7.15 1.51 9.17's
Q)

Cl 81 0.600 7.21 1.62 10.00

0.5
83 0.650 7.28 1.64 10.83

II 85 0.700 7.35 1.67 11.67

86 0.750 7.42 1.67 12.50
t

87 0.800 7.49 1.67 13.33

88 0.850 7.56 1.68 14.17
0.0

0 5 10 15 20 90 0.900 7.64 1.70 15.00

Axial Strain (%) 91 0.950 7.71 1.70 15.83

92 1.000 7.79 1.70 16.67



~~

TABLE 1 SUMMARY OF LABORATORY TEST RESULTS

Project No. : 06-123-3 Project Name: ACTA Schuyler Heim Bridge Project

Soil-
Soil-

Soil
Moisture Soil- Moisture

Identification Total Unit Groin Size Sand Atterberg Soluble
Sample Content Pocket Minimum Soil- pH CT- Free

Boring No. Sample Depth (group symbol) Weight ASTM Torvane Shear Distribution Equivalent Limits ASTM Sulfate
No. ASTM Penetrometer Resisivity 532 Chloride

ASTM D2937 GR:SA:FI (CT-217) D4318 Content
D2216 CT-532 Content

D2488fD2487 CT-417
CT-422

(ft) (%) (pel) (tsl) (Kgfem2) ('X.) (LLlPLlPI) (ohm-em) (ppm) (ppm)

A-09-o55 S-1 5 SP-SM 23.1 37:52:11

A-09-055 0-2 10 0 2100 7.7 50 380

A-09-055 S-3 15 SP 24.3 0:99:1
A-09-055 0-4 20 SP-SM 21.8 122.9

A-09-055 S-5 25 SP 24.9 0:96:4
A-09-055 S-7-2 35.5 CL 36.6
A-09-055 S-9 45 CH 31.3 0:6:94 59/29/30
A-09-055 0-10 50 CL 1.0
A-09-055 S-11 55 ML 33.0 0:6:94 32/27/5
A-09-055 0-12 60 ML 2.0 22/20/2
A-09-056 S-1 5 SM 13:46:41 670 7.8 580 514
A-09-056 0-2 10 ML <0.25 49/32/17
A-09-056 S-3 15 CL 44.9 0:13:87 41/25/16

) A-09-056 0-4 20 \S.M (\'. N.P.
A-09-o56 S-5 25 SP-SM 29.4 0:93:7
A-09-058 S-1 5 SP 0:96:4 9300 8.6 30 248
A-09-05S S-3 15 CH 65.2 0:1:99 93/34/59
A-09-058 S-5 25 CL 34.2 0:7:93 47/24/23
A-09-o58 0-6 30 ML 0.5
A-09-058 S-7 35 ML 23.9 N.P.
A-09-05S 0-8 40 ML 1.5 0:26:74
A-09-05S S-9 45 SM 29.5
A-09-05S 0-10 50 SC-SM 0:72:28
A-09-o59 S-1 5 SM 3:81:16 1300 8.1 380 542
A-09-o59 S-3 15 MH 47.0 0:17:83 98/49/49
A-09-o59 S-6 3D MH 37.2 0:4:96 50/30/20
A-09-o59 S-8 40 SM 28.2 1:72:27 N.P.
A-09-o59 0-9 45 CL 0.5 0:6:94 40/24/16
A-09-o59 S-10 50 ML 37.3 0:31:69



ATIERBERG LIMITS
ASTM 0-4318-84/ CT-2D4

Project Name' ACTA/Schuyler Heim Bridge Project06 1233Project No' - -

Boring Number: A-09-054 Depth (ftIm): 50 ft 15 m 1
Sample Number: 0-10 Description: ML

Prepared By: PA Date: Checked By: R.J. Date:
Pulverized By: PA Date: Container Number

Tested By: PA Date: Air: 8-2
Computed By: JF Date: Field:

Plastic Limit
Trial Number

Field Moisture 31 2 4 1 2

Number of Blow ---- 34 27 19 11 ---Can Number 25 26 27 28 29 30

WI. Wet Soil +Can (gm) 43.96 47.29 46.84 46.84 35.59 34.37

WI. Dry Soil +Can (gm) 40.06 42.63 41.69 41.49 33.90 32.62

Weight of Can (gm) 30.25 31.15 29.51 29.54 27.50 25.97
Water Content (%) 39.8 40.6 42.3 44.8 26.4 26.3

I Liquid Limit (LL, %): 41 II Plastic Limit (PL, %): 26 II Plastic Index (PI, %): 15 I

~ ,

-............. ,

~: ,

-...........
~

~ ,

46.0

~ 45.0

E 44.0
2
§ 43.0

o 42.0
~
.a 41.0
II)

~ 40.0

39.0
10 20

Number of Blow

25 30 40 50 60 70 80 90 100

Remark:

Boring Number: A-09-058 Depth (ftIm): 15 ft I 4.5m I 1

Sample Number: S-3 Description: CH

Prepared By: PA Date: Checked By: R.J. Date:

Pulverized By: PA Date: Container Number

Tested By:
..

PA Date:
.

Air: G-9

Computed By: •... JF Date: Field:

Trial Number
Plastic Limit

Field Moisture 1 2 3 4 1 2
Number of Blow ---- 38 30 23 .... 15 ----Can Number 1 2 3 . 4 •• 5 6

. ..

WI. Wet Soil +Can (gm) 38.99 36.47 37.57 38.48 31.22 34.01

WI. Dry Soil +Can (gm) 33.08 30.47 .... 31.31 31.62 29.44 32.38

Weight of Can (gm)
..

26.52 23.93 24.62 24.52 24.26 27.59
Water Content (%) 90.1 91.7 93.6 96.6 34.4 34.0

I Liquid Limit (LL,%) 93 II Plastic Limit PL,%) 34 II Plastic Index (PI,%) 59 I

98.0
~0

96.0
C
Ql

94.0C
0
o

92.0~
.2
II) 90.0'0
:2

Number of Blow

........
~

'""$.."" ............. , ,

~
88.0

10 ?O ?!i 40 !i0 FiO 70 RO 90 100

Remark:



Project No' 06-123-3

ATTERBERG LIMITS
ASTM 0-4318·841 CT·204

Project Name' ACTA/Schuyler Heim Bridge Project

Boring Number: A-09-058 Depth (ft/rn): 15 ft 4.5 m 1

Sample Number: S-5 Description: CL

Prepared By: PA Date: Checked By: R.J. Date:

Pulverized By: PA Date: Container Number

Tested By: PA Date: Air: G-2
Computed By: JF Date: Field:

Plastic Limit
Trial Number

Field Moisture 1 3 4 1 22

Number of Blow ---- 34 26 19 12 ---Can Number 13 14 15 16 17 18

WI. Wet Soil +Can (gm) 43.50 38.34 38.46 40.16 34.03 33.30

WI. Dry Soil +Can (gm) 38.71 33.61 33.69 34.54 32.39 31.64

Weight of Can (gm) 28.05 23.43 23.88 23.55 25.46 24.55

Water Content (%) 44.9 46.5 48.6 51.1 23.7 23.4

I Liquid Limit (LL, %): 47 II Plastic Limit (PL, %): 24 II Plastic Index (PI, %): 23 I
;

..... ,

...............
...............
~

: ...............
~
~

52.0

*' 51.0
C 50.0

~ 49.0

8 48.0
l!! 47.0
:Jrn 46.0
'0
:2 45.0

44.0
10

Remark:

20

Number of Blow

25 30 40 50 60 70 80 90 100

Boring Number. A-09-059 Depth (fUm): 15 ft I 4.5m I 1

Sample Number: S-3 Description: MH
.

Prepared By: PA Date: Checked By: R.J. Date:

Pulverized By: PA Date: Container Number

Tested By: PA Date: Air: G-9

Computed By: JF Date: Field:

Trial Number
Plastic Limit

Field Moisture 1 2 3 4 1 2

Number of Blow ---- 34 27 19 12 ----Can Number
....

1 2 3 4 5 6

WI. Wet Soil +Can (gm) . 42.27 39.83 40.01 39.22 32.25 34.79

WI. Dry Soil +Can (gm) 34.60 31.95 32.27 31.69 29.61 32.42

Weight of Can (gm) 26.53 23.93 24.62 24.52 24.26 27.59

Water Content (%) 95.0 98.3 101.2 105.0 49.3 49.1

I Liquid Limit (LL,% ) 98 II Plastic Limit PL,%) 49 II Plastic Index (PI,%) 49 I
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Remark:
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ATTERBERG LIMITS
ASTM D-4318-84/ CT-204

Project No' 06-123-3 Project Name' ACTA/Schuyler Heim Bridge Project

Boring Number: A-09-o59 Depth (ftlm): 30 ft 9m I 1
Sample Number: S-6 Description: MH

Prepared By: PA Date: Checked By: R.J. Date:
Pulverized By: PA Date: Container Number

Tested By: PA Date: Air: G-2
Computed By: JF Date: Field:

Plastic Limit
Trial Number

Field Moisture 1 2 3 4 1 2
Number of Blow ----- 31 24 17 11 -----Can Number 13 14 15 16 17 18

Wt. Wet Soil +Can (gm) 43.42 39.58 39.94 40.82 34.89 33.98
Wt. Dry Soil +Can (gm) 38.40 34.22 34.45 34.75 32.71 31.81

Weight of Can (gm) 28.05 23.43 23.88 23.55 25.46 24.55
Water Content (%) 48.5 49.7 51.9 54.2 30.1 29.9

I Liquid Limit (LL, %): 50 II Plastic Limit (PL, %): 30 II Plastic Index (PI, %): 20 I
, , , ,
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Remark:

Boring Number: A-09-059 Depth (ftlm): 45 ft 13.5 m I 1
Sample Number: 0-9 Description: CL

Prepared By: PA Date: Checked By: R.J. Date:

Pulverized By: PA Date: Container Number

Tested By: PA Date: Air: G-9

Computed By: JF Date: Field:

Plastic Limit
Trial Number

Field Moisture 1 2 3 4 1 2
Number of Blow ----- 30 24 17 11 ----Can Number 25 26 27 28 29 30

Wt. Wet Soil +Can (gm) 46.96 49.31 46.36 47.78 37.38 35.36

Wt. Dry Soil +Can (gm) 42.23 44.06 41.34 42.85 35.44 33.52

Weight of Can (gm) 30.25 31.15 29.51 29.54 27.50 25.97
Water Content (%) 39.5 40.7 42.4 37.0 24.4 24.4

I Liquid Limit (LL,% ) 40 II Plastic Limit PL,%j 24 II Plastic Index (PI,%) 16 I
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Amount of Material in Soil Finer Than No. 200 Sieve
(ASTM D-1140-97)

Project No. : 06-123-3 Project Name: ACTA/Schuyler Heim Bridge Project

Boring No. : A-09-056 Prepared By: PA Date: Percentage of Maximum

Sample No. : S-1 Washed By: PA Date: Gravel Sand Fine Size

Depth (ft) : 5.0 I Tested By: PA Date: 13 46 41
3/8"

Depth (m) : 1.53 I Checlted By : Date:

Description : Olive, SILTY SAND (SM) Retained On

X IMethod (A) - Soaked by Water
Sample

No. 200 No.4

IMethod (B) - Soaked by Defloeeulating Agent (Minimum 2 Hours) Tested I Moisture Sieve

Container Number S-5 S-5 s.s.Wet Weight of Soil + Container (gm) 308.92 308.92

Dry Weight of Soil + Container (gm) 1- 282.16 214.06

Weight of Container (gm) 117.80 117.8 117.8

Weight of Dry Soil (gm) ~6436 96.26 22.15

Moisture Content (%) 16.28 II1II
(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 41.43 13.48
Remark: 1

Boring No. : A-09-056 Prepared By: PA Date: Percentage of Maximum

Sample No. : S-5 Washed By: PA Date: Gravel Sand Fine Size

Depth (ft) : 25.0 I Tested By: PA Date:
0 93 7 #30

Depth (m) : I Checked By: Date:

Description : Olive-gray, Poorly graded SAND with SILT (SP-SM) Retained On

!Method (A) - Soaked by Water
Sample

No. 200 No.4

IMethod (B) - Soaked by Defloeeulating Agent (Minimnm 2 Hours) Tested Moisture Sieve

Container Number S-6 S-6 S-6 S-6

Wet Weight of Soil + Container (gm) 365.39 365.39

Dry Weight of Soil + Container (gm) I~ 308.86 295.04

Weight of Container (gm) 116.77 116.77

Weight of Dry Soil (gm) 192.09 178.27 0.00

Moisture Content (%) 29.43

(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 7.19 0.00

Remark: 2

Boring No. : A-09-058 Prepared By: PA Date: Percentage of Maximum

Sample No. : S-1 Washed By : PA Date: Gravel Sand Fine Size

Depth (ft) : 25.0 I Tested By: PA Date:
0 96 4

#10

Depth (m) : 7.63 I Checked By: Date:

Description : Olive-gray, Poorly graded SAND (SP) Retained On

~Method (A) - Soaked by Water
Sample

No. 200 No.4

IMethod (B) - Soaked by Defloeeulating Agent (Minimum 2 Hours) Tested I Moisture Sieve

Container Number S-8 S-8 S-8 S-8

Wet Weight of Soil + Container (gm) 358.92 358.92 - •IIDry Weight of Soil + Container (gm) 351.07 341.94

Weight of Container (gm) 118.29 118.29 118.29

Weight of Dry Soil (gm) 232.78 232.78 223.65 0.00

Moisture Content (%) ~(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 3.92 0.00

Remark: 3



Amount of Material in Soil Finer Than No. 200 Sieve
(ASTM D-1140-97)

Project No. : 06-123-3 Project Name: ACTA/Schuyler Heim Bridge Project

Boring No. : A-09-058 I Prepared By: PA Date: Percentage of Maximum

Sample No. : 0-8 Washed By : PA Date: Gravel Sand Fine Size

Depth (ft) : 40.0 I Tested By : PA Date:
0 26 74 #40

Depth (m) : 12.20 I Checked By: Date:

Description : Dark olive-gray, SILT with SAND (ML) Retained On

X IMethod (A) - Soaked by Water
Sample

No. 200 No.4

IMethod (B) - Soaked by Deflocculating Agent (Minimum 2 Hours) Tested Moisture Sieve

Container Number S-22 S-22 S-22 S-22

Wet Weight of Soil + Container (gm) 261.42 I 261.42 ,Dry Weight of Soil + Container (gm) - 226.09 143.5

Weight of Container (gm) 115.19 115.19 115.19

Weight of Dry Soil (gm) 110.9 110.9 28.31 0.00

Moisture Content ('Yo) 31.86

~I(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 74.47

Remark: 1

Boring No. : A-09-059 I Prepared By : PA I Date: Percentage of Maximum

Sample No. : S-1 Washed By: PA Date: Gravel Sand Fine Size

Depth (ft) : 5.0 I Tested By: PA Date: 3 81 16 1/2"

Depth (m) : I Checked By: Date:

Description : Olive-brown, SILTY SAND (SM) Retained On

IMethod (A) - Soaked by Water
Sample

No. 200 No.4

IMethod (B) - Soaked by Deflccculatlng Agent (Minimum 2 Hours) Tested Moisture Sieve

Container Number S-23 S-23 I S-23 S-23

Wet Weight of Soil + Container (gm) 331.49 331.49

Dry Weight of Soil + Container (gm) 11I1I 322.28 289.74

Weight of Container (gm) 113.82 113.82 113.82

Weight of Dry Soil (gm) 208.46 208.46 175.92 5.25

Moisture Content ('Yo) 4.42 ...

(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 15.61 2.52

Remark: 2

Boring No. : A-058 Prepared By: PA Date: Percentage of Maximum

Sample No. : 0-10 Washed By: PA Date: Gravel Sand Fine Size

Depth (ft) : 50.0 I Tested By: PA Date:
0 72 28 #40

Depth (m) : 15.25 1 Checked By: Date:

Description : Dark gray, SILTY CLAYEY SAND (SC-SM) Retained On

IMethod (A) - Soaked by Water
Sample

No. 200 I No.4

[Method {B) - Soaked by Deflccculating Agent (Minimum 2 Hours) Tested Moisture Sieve

Container Number S-13 S-13

~Wet Weight of Soil + Container (gm) 264.26 264.26

Dry Weight of Soil + Container (gm) I 233.18 199.92

Weight of Container (gm) 113.62 113.62 113.62

Weight of Dry Soil (gm) 119.56 119.56 86.3 0.00

Moisture Content ('X,) ~(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 27.82 0.00

Remark: 3



Amount of Material in Soil Finer Than No. 200 Sieve
(ASTM D-1l40-97)

Project No. : 06-123-3 Project Name: ACTA/Schuyler Heim Bridge Project

Boring No. : A-09-059 Prepared By : PA Date: Percentage of Maximum

Sample No. : S-10 Washed By: PA Date: Gravel Sand Fine Size

Depth (ft) : 50.0 I Tested By : PA Date:
0 31 69 #40

Depth (m) : 15.251 Checked By: Date:

Description : Dark olive-gray, SANDY lean CLAY (CL)
Sample

Retained On

X IMethod (A) - Soaked by Water No. 200 No.4

IMethod (B) - Soaked by Deflocculating Agent (Minimum 2 Hours) Tested I Moisture Sieve

Container Number S-24 S-24 S-24 S-24

Wet Weight of Soil + Container (gm) 348.65 348.65

Dry Weight of Soil + Container (gm) - 284.67 165.52

Weight of Container (gm) 113.10 113.1 113.1

Weight of Dry Soil (gm) 171.57 171.57 52.42 0.00

Moisture Content (%) ~(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 69.45 0.00

Remark: 1

Boring No. : A-09-059 Prepared By: PA Date: Percentage of Maximum

Sample No. : 0-9 Washed By: PA Date: Gravel Sand Fine Size

Depth (ft) : 45.0 I Tested By: PA Date:
0 6 94 1/2"

Depth (m) : I Checked By: Date:

Description : Dark gray, SILT (ML) Retained On

~Method (A) - Soaked by Water
Sample

No. 200 No.4

IMethod (B) - Soaked by Deflccculating Agent (Minimum 2 Hours) Tested I Moisture Sieve

Container Number S-16 S-16 S-16 S-16

Wet Weight of Soil + Container (gm) 258.23 258.23

Dry Weight of Soil + Container (gm) 111III 221.97 120.2

Weight of Container (gm) 114.22 114.22 114.22

Weight of Dry Soil (gm) 107.75 107.75 5.98 0.00

Moisture Content (%.) 33.65

(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve 94.45 0.00

Remark: 2

Boring No. : Prepared By: PA Date: Percentage of Maximum

Sample No. : Washed By : PA Date: Gravel Sand Fine Size

Depth (ft) : I Tested By : PA Date: .. #40

Depth (m) : I Checked By: Date:

Description : Retained On

IMethod (A) - Soaked by Water
Sample

No. 200 No.4

1Method (B) - Soaked by Denocculating Agent (Minimum 2 Hours) Tested Moisture Sieve

Container Number

~Wet Weight of Soil+ Container (gm) -Dry Weight of Soil+ Container (gm)

Weight of Container (gm)

Weight of Dry Soil (gm)

I.Moisture Content (,x,)

(%) of Soil Passing No. 200 Sieve and Retained on No.4 Sieve

Remark: 3



REGULAR HYDROMETER TEST
ASTM D-422-63 (Reapproved 1990) / CT - 203

1- 1

Project Name : ACTA/Schuyler Heim Bridge Project

Project No. : 06-123-3 Tested Standard: 0 ASTM 0 CAL. TRANS.

Boring No. : A-09-058 Prepared By : PA Date:

Sample No. : S-3 Tested By : PA Date:

Depth below Decl: 15.0 I Sieved By : RJ Date:

Description : darkolive-gray, Fat CLAY (CH) Calculated By : JF Date: 12/07/09

Deflocculant 125cc oj 4% Sodium Hexnmetnphosphrue Solution Checked By: R.J. Date:

Samplejor Hydrometer shoukl passing (No.10-ASTJ,-f) & (No.d-Cnl. Trun.), 65 gll1JorjIl1e& 115 gmforSuntl. 1

Setup Container No. : S-17 Sample Before Washing After Washing Specific Gravity

Test Cylinder No. : 8 No.8 & 10 Retained Hydrometer Retained Hydrometer 2.70

Computer File No. :[ Tested Moisture Tested Moisture No.4& 10 Sample Correction factor

Container No. S-26 S-17 74 S-29 for difference B.G.

Wt. of Wet Soil + Container (gm) 197.22 64.20 123.39 ;6;'~ 0.99

Wt. of Dry Soil + Container (gm) i <
•••••••••••

.........•.... 122.31 112.98 Hydrometer Type

Wt. of Container (gm) .... \.
59.31 112.39 152H

Wt. ofDry Soil (gm) 193.90 , .... ;C'·,· 63.12 0.59 (K) Value Temp. DC

I~~Moisture Content (%) 1.71 0.01328 21.0

U.S. Sieve Cumulativewr, Wt.ofDry 'Xl Finer Liquid U.S. Sieve Cumulative Weight Wt.ofDry %, Finer % Total
Size ofDry Soil(gm) Soil(gm) Than Limit Size ofDrySoil(gm) Soil(gm) Than Sample

2.5"
93

No.16 0.00 100.00 100.00
---------_.

2.0" No. 20

1.5" Plastic No.30 0.00 100.00 100.00

1.0" Limit No.40

3/4"
34

No. 50 0.05 99.92 99.92

1/2" No. 60

3/8" Plastic No. 100 0.10 99.84 99.84

No.4 0.00 100.00 Index No. 140

No.8 0.00 100.00
59

No. 200 0.56 99.11 99.11

0.61
..<, .... .•': ••.• > .·,.:,•••;ii'!_INo.IO Pan • ..(.

Obersved EL. Temp. Hydrometer Reading 100 Ra 'Vo, Total Grain
Correction Coefficient

Correction
Time Time (min.) ( oc)

Composite Correction --- Sample Diameter Dia.(mm)

··/iO:0.1······ (T)
Orglnal

Correction (R)". w (mm) (K) (L) (D)

13:34 0:00:00 ·.·.ii.·. 6.0 ............;.~~-2 21.0 59.0 6.0 53.0 83.13 83.13 0.05500 0.01328 7.6 0.02590

5 21.0 56.0 6.0 50.0 78.42 78.42 0.03500 0.01328 8.1 0.01690

15 21.0 50.0 6.0 44.0 69.01 69.01 0.02000 0.01328 9.1 0.01033

30 21.0 46.0 6.0 40.0 62.74 62.74 0.01400 0.01328 9.7 0.00757

60 21.0 41.0 6.0 35.0 54.90 54.90 0.01000 0.01328 10.6 0.00557

120 21.5 36.0 6.0 30.0 47.05 47.05 0.00700 0.01328 11.4 0.00409
._..---

240 22.0 31.0 6.0 25.0 39.21 39.21 0.00500 0.01328 12.2 0.00293
----

1440 21.5 24.0 6.0 18.0 28.23 28.23 0.00100 0.01328 13.3 0.00128

I

ClI: Gravel Sand Fine
Remark:

Cc: 0 1 99



I II us Standard Sieve Sizes HydrometerAnalysis
6" 5" 4" 3" 2.5" 2" 1.5" 1" 3/4 1/2" 3/8" #4 #8 #10 1116 1120 1130 #40 11501160 11100 #200

- -
100.0

~
90.0 <,
80.0

~
~70.0

'1\ .....
en

60.0

\ '":;
....

. co
50.0 -- I-.

\
l..,
'"~. .....
'"40.0 . -. .,
'"

I
;;;

I:l..
30.0 ...
20.0

.

I
10.0

0.0

1000 100 10 1 0.1 0.01 0.001

Grain Size (mm)

I Gravel Sand I Silt.or ClayCobbles I Coarse I Fine Coarse I Medium I Fine I

Symbol
Boring Sample Depth

Soil Color Soil Description U.S.C.S.
Number Number (ft)

• A-D9-D58 S-3

* *
dark Olive-gray Fate/ay CH

.---- --------- .._-'. ...- - ..

\ 1

Remark 0.00

~" Earth Mechanics, Inc. ACTA/Schuyler Heim Bridge Project GRAIN SIZE ANALYSIS
·,,~t~", ~j~;~ Geotechnical nnd Earthquake Engineering (ASTM D-422-63)l;;",~;;':';:

Project No. : 06-123-3 I Date: 12/07/09 Figure No. :



REGULAR HYDROMETER TEST
ASTM D-422-63 (Reapproved 1990) I CT - 203

1 - 1

Project Name : ACTA/Schuyler Heim Bridge Project

Project No. : 06-123-3 Tested Standard: 0 ASTM [2] CAL. TRANS.

Boring No. : A-09-058 Prepared By : PA Date:

Sample No. : S-5 Tested By : PA Date:

Depth below Declo: 25.0 I Sieved By : RJ Date:

Description : dark olive-gray, Lean CLA Y (CL) Calculated By : JF Date: 12/07/09

Deflocculunt 125cc oj 4% Sodium Hexumetnphosphnte Solution Checked By: R.J. Date:

Sample Jar Hydrometer should passing (No.1 0 -ASTM) & (No.4 -Cal. Trun.), 65 gmforfine & 115 gillJar Sand, 1

Setup Container No. : S-2 Sample Before Washing After Washing SpecificGravity

Test Cylinder No. : 1 No.8 & 10 Retained Hydrometer Retained Hydrometer 2.70

Computer File No. :1 Tested Moisture Tested Moisture No.4&IO Sample Correction factor

Container No. S-26 S-2 75 S-30 for difference S.G.

Wt. of Wet Soil +Container (gm) 191.69 65.42 121.47 - 0.99

Wt. of Dry Soil +Container (gm) ...... ./ 120.62 119.46 Hydrometer Type

Wt. of Container (gm) /i
.,. 'i 'i' 60.09 114.29 152H

Wt. of Dry Soil (gm) 189.04 '.
........ 64.51 •.•..•...••.•..••.J•• ' 5.17 (K) Value Temp. DC

Moisture Content ('X,) 'f .••.J •....•.•,.•'....••.•.•.. 1.40 .................. 0.01328 21.0

U.S. Sieve Cumulative Wr, Wt.ofDry IXI Finer Liquid U.S. Sieve Cumulative Weight WI. of Dry IX, Finer 'XlTotal
Size of Dry Soil (gm) Soil (gm) Than Limit Size ofDry Soil (gm) Soil (gm) Than Sample

2.5"
47

No. 16 0.17 99.74 99.74

2.0" No. 20

1.5" Plastic No. 30 0.31 99.52 99.52

1.0" Limit No. 40

3/4"
24

No. 50 0.44 99.32 99.32

1/2" No. 60

3/8" Plastic No. 100 0.99 98.47 98.47

No.4 0.00 100.00 Index No. 140

No.8 0.02 99.97
23

No. 200 4.71 92.70 92.70

No. 10 Pan 5.16 ':Ci:<'ilf:it~~

Obersvcd EL. Temp. Hydrometer Reading 100 Ra % Total Grain
Correction Coefficient

Correction

Time Time (min.) ( oc)
Composite Correction --- Sample Diameter Dia.(mm)

,/'c. ...
•••

(T)
Orginal

Correction (R)
·>'i·V...n IV (rnrn) (K) (L) (D)

13:38 0:00:00 ..................../ 6.0 ..........•....I{< '.',;. '0. ~r-t.......

2 21.0 54.0 6.0 48.0 73.66 73.66 0.05500 0.01328 8.4 0.02726

5 21.0 47.0 6.0 41.0 62.92 62.92 0.03500 0.01328 9.6 0.01838

15 21.0 41.0 6.0 35.0 53.71 53.71 0.02000 0.01328 10.6 0.01114

30 21.0 37.0 6.0 31.0 47.57 47.57 0.01400 0.01328 11.2 0.00812

60 21.0 32.0 6.0 26.0 39.90 39.90 0.01000 0.01328 12.0 0.00595

120 21.5 28.0 6.0 22.0 33.76 33.76 0.00700 0.01328 12.7 0.00432

240 22.0 25.5 6.0 19.5 29.92 29.92 0.00500 0.01328 13.1 0.00304

1440 21.5 20.0 6.0 14.0 21.48 21.48 0.00100 0.01328 14.0 0.00131

[above #30 are shell fragments
CII: Gravel Sand Fine

Remark:
Cc: 0 7 93



II us Standard Sieve Sizes I Hydrometer Analysis

6" 5" 4" 3"2.5"2" 1.5" 1" 3/4 1/2" 3/6" #4 #8 #10 #16 #20 #30 #40 #50 #60 #100 #200_.
100.0 -- ----()---4)- - ..-....r-.
90.0 -,
80.0 -- t-. -,

~

70.0

\
:::::e........
-SfJ

60.0 -, 'OJ
, ~

;>-,, , c:l
" :..50.0 ,

\
OJ
c::

1::....
40.0 c::, ,

~
OJ
CJ;;;
e,,

30.0 <,
20.0

10.0

0.0

1000 100 10 1 0.1 0.01 0.001

Grain Size (mm)

I Gravel Sand J Silt or ClayCobbles I Coarse Fine Coarse I Medium I Fine I

Symbol
Boring Sample Depth

--"._- Soil Color Soil Description U.S.C.S.
Number Number (ft)

• A-09-058 8-5 25.0 I ----I- dark olive-gray Lean clay CL
- "

I
---,-.~--"-

---~1
I--

I
Remark above #30 are shell fragments

~t Earth Mechanics, Inc. ACTA/Schuyler Heim Bridge Project GRAIN SIZE ANALYSIS>,"~\ij
;':,7;':], j ·~L,,;:' Geotechnicnl and Earthquake Ennincering (ASTM D-422-63)'1!;!J"t;1;:l? 1:7 •

Project No. : 06-123-3 I Date: 12/07/09 Figure No.:



REGULAR HYDROMETER TEST
ASTM D-422-63 (Reapproved 1990) / CT - 203

1 - 1

Project Name : ACTA/Schuyler Heim Bridge Project

Project No. : 06-123-3 Tested Standard: 0 ASTM 0 CAL. TRANS

Boring No. : A-09-059 Prepared By : PA Date:

Sample No. : S-3 Tested By : PA Date:

Depth below Decl: 15.0 I Sieved By : RJ Date:

Description : dark olive-gray, Elastic SILT with SAND (MH) Calculated By : JF Date: 12/07/09

Deflocculunt 125cc of 4% Sodium Hexmnetaphosphate Solution Checked By: R.J. Date:

Sample for Hydrometer should passing (No.1 0 -ASTM) & (No.4 -Cal. Tntn.), 65 gtnforfine & 115 gm for Sand. 1

Setup Container No. : J-4 Sample Before Washing After Washing Specific Gravity

Test Cylinder No. : 2 No.8 & 10 Retained Hydrometer Retained Hydrometer 2.70

Computer File No. :1 Tested Moisture Tested Moisture No.4 & 10 Sample Correction factor

Container No. S-26 J-4 76 S-1 for difference S.G.

Wt. of Wet Soil + Container (gm) 226.43 65.84 126.75 I~ 0.99

Wt. of Dry Soil + Container (gm) ·•• ··i·.···•.···..•·•··•· <. ii 126.09 132.04 Hydrometer Type

Wt. of Container (gm)
. <. 59.80 118.79 152H

Wt. of Dry Soil (gm) 224.20
••

65.19 .....ii 13.25 (K) Value Temp.oC

Moisture Content ('Yi,)
.......• ......•.........• 1.00 ·i.·.·...·i.( •.......

0.01328 21.0

U.S. Sieve Cumulative WI. Wtuf'Dry I~) Finer Liquid U.S.Sieve Cumulative Weight Wt.ofDry % Finer % Total
Size ofDrySoil(gm) Soil(gm) Than Limit .. Size ofDry Soil(gm) Soil(gm) Than Sample

2.5"
98

No.16 0.26 99.60 99.60

2.0" No. 20

1.5" Plastic No.30 0.46 99.29 99.29

1.0" Limit No.40

3/4"
49

No. 50 0.67 98.97 98.97

1/2" No. 60

3/8" Plastic No.IOO 1.71 97.38 97.38

No.4 0.00 100.00 Index No.140

No.8 0.16 99.75
49

No. 200 10.85 83.36 83.36
•

@il~I~No.IO Pan 13.25

Obersved EL. Temp. Hydrometer Reading 100 Ra 01.. Total Grain Correction
TimeCrnln.) ( oc) Sample

Correction Coefficient
Time Composite Correction --- Diameter Dla. (mm)

(Tl
Orglnal

Correction (Rl-: 0:01···... w (mm) (K) (Ll (D)

13:42 0:00:00 ........... ..·••• i ..·.. ·.··· 6.0
1--- I·(-.>·····.i·•• ,.,·.···.B0S .: .... /:..\~ .iIi!.....

2 21.0 42.0 6.0 36.0 54.67 54.67 0.05500 0.01328 10.4 0.03027

5 21.0 34.0 6.0 28.0 42.52 42.52 0.03500 0.01328 11.7 0.02032

15 21.0 28.0 6.0 22.0 33.41 33.41 0.02000 0.01328 12.7 0.01222

30 21.0 24.0 6.0 18.0 27.34 27.34 0.01400 0.01328 13.3 0.00886

60 21.0 20.0 6.0 14.0 21.26 21.26 0.01000 0.01328 14.0 0.00642

120 21.5 18.0 6.0 12.0 18.22 18.22 0.00700 0.01328 14.3 0.00459

240 22.0 16.0 6.0 10.0 15.19 15.19 0.00500 0.01328 14.7 0.00322

1440 21.5 13.0 6.0 7.0 10.63 10.63 0.00100 0.01328 15.1 0.00136

I
Cn: Gravel Sand Fine

Remark:
I Cc: 0 17 83



I us Standard Sieve Sizes I Hydrometer Analysis I
6" 5" 4" 3"2.5"2" 1.5" 1" 3/4 1/2" 3/8" #4 #8 #10 #16_. #20 #30 1140 #50#60 #100 #200

-~-------r-----------,100.0 -- ~

~ ~
80.0 .----I--\\~------+-------___l

70.0\ ~
...

60.0 :., \ ~

" ~
50.0 --1-.--:- --;- \ .~

, , .\ ::
i , c

40.0 ': : -, ~ i
~ j ~
20.0 ~

10.0 :,--;-

0.0
1000 100 10 1 0.1 0.01 0.001

GrainSize (mm)

bl I Gravel Sand 1 Silt or Clay
Cob es r Coarse 1 Fine Coarse 1 Medium I Fine l

Symbol Boring Sample Depth Soil Color Soil Description U.S.C.S.
Number Number (ft)

• __ '-0'-059 5-3 ~ __ __ darkolive-gray Elasticsilt withsand MH

I
Remark 0.00

~~~:J~~n~eE~~:~~~~~i~~i~; AeTA/Schuyler Heim Bridge Project G~~~~4~~YSIS

.. Project No. : 06-123-3 I Date: 12/07/09 FigureNo.:



REGULAR HYDROMETER TEST
ASTM 0-422-63 (Reapproved 1990) / CT - 203

1 - 1

Project Name : ACTA/Schuyler Heim Bridge Project

Project No. : 06-123-3 Tested Standard: 0 ASTM 0 CAL. TRANS.

Boring No. : A-09-059 Prepared By : PA Date:

Sample No. : S-6 Tested By : PA Date:

Depth below Decl : 30.0 I Sieved By : RJ Date:

Description : dark olive-gray, Elastic SIL T (MH) Calculated By : JF Date: 12107109

Deflocculant 125cc of 4% Sodium Hexnmeutphosphnte Solution Checked By: R.J. Date:

Samplefor Hydrometer should passing (No.10 -ASTM) & (No.4 -Cal. Tnm.), 65 gm for fine & 115 gm for Suntl. 1

Setup Container No. : S-19 Sample Before Washing After Washing Specific Gravity

Test Cylinder No. : 6 No.8 & 10 Retained Hydrometer Retained Hydrometer 2.70

Computer File No. : Tested Moisture Tested Moisture No.4&IO Sample Correction factor

Container No. S-26 S-19 77 S-2 for difference S.G.

Wt. of Wet Soil + Container (gm) 228.47 65.19 125.48 - 0.99

Wt. of Dry Soil + Container (gm) i 124.44 120.50 Hydrometer Type

Wt. of Container (gm) ......... 'i I'· ie: 59.10 116.88 152H

Wt, of DI1' Soil (gm) 224.89
," ...•.....

64.17 ..............,.......';... 3.62 (K) Value Temp. DC'...... :. . ...
Moisture Content ('Vt.) ............ ...••...•..•.. .....•......•..........•........• 1.59 ·iii.t .; .•••:.• o' •.••

0.01328 21.0

U.S.Sieve CumulativeWt. WI.ofDry IX. Finer Liquid U.S. Sieve CumulativeWeight WI.ofDry CX, Finer 'Yc. Total
Size ofDry Soil(gm) Soil(gm) Than Limit Size ofDry Soil(gm) Soil(gm) Than Sample

2.5"
50

No.l6 0.04 99.94 99.94

2.0" No. 20

1.5" Plastic No.30 0.06 99.91 99.91

1.0" Limit No. 40

3/4"
30

No. 50 0.11 99.83 99.83

1/2" No. 60

3/8" Plastic No.lOO 0.34 99.47 99.47

No.4 0.00 100.00 Index No. 140

No.8 0.00 100.00
20

No. 200 2.65 95.87 95.87

•'.',: .···;·.:hifi· ~_INo.lO Pan 3.63

Obersved EL. Temp. Hydrometer Reading lOORa 'X. Total Grain
Correction Coefficient

Correction
Time Time (min.) (oC)

Composite Correction --- Sample Diameter Dla.jmm)

(T)
Orginal

Correction (R)·.,:U:u·t w (mm) (K) (Ll CD)

0:00:00 ... ,.....•.. 1·.··.··,·<.· 6.0 ......:.'. " . ......'. ". .../ ................. ~~13:46 I'·",
....:. ..:':...........

'i,'

2 21.0 50.0 6.0 44.0 67.88 67.88 0.05500 0.01328 9.1 0.02830

5 21.0 41.0 6.0 35.0 54.00 54.00 0.03500 0.01328 10.6 0.01930

15 21.0 35.0 6.0 29.0 44.74 44.74 0.02000 0.01328 11.5 0.01165

3D 21.0 29.0 6.0 23.0 35.48 35.48 0.01400 0.01328 12.5 0.00858

60 21.0 25.0 6.0 19.0 29.31 29.31 0.01000 0.01328 13.2 0.00622

120 21.5 22.0 6.0 16.0 24.68 24.68 0.00700 0.01328 13.7 0.00448

240 22.0 20.0 6.0 14.0 21.60 21.60 0.00500 0.01328 14.0 0.00314

1440 21.5 16.0 6.0 10.0 15.43 15.43 0.00100 0.01328 14.7 0.00134

I
en: Gravel Sand Fine

Remark:
Ce: 0 4 96



I II us Standard Sieve Sizes Hydrometer Analysis

6" 5" 4" 3"2.5"2" 1.5" 1" 3/4 1/2" 3/6" #4 #6 #10 #16 #20 #30 #40 #50 #60 #100 #200

-'
100.0 ~.

~
90.0

\
80.0 -- I-'

\
~70.0

\ e;
....
"Sn

60.0

\
~~

~
>.

CQ
50.0

'\
c;
c

ri:
C40.0 ,

1\
.,
'"....,

Q.,

30.0 <;
20.0

<,
10.0 , '.

0.0

1000 100 10 1 0.1 0.01 0.001

Grain Size (mm)

I Gravel Sand J Silt or ClayCobbles I Coarse Fine Coarse I Medium J Fine I

Symbol
Boring Sample Depth

Soil Color Soil Description U.S.C.S.Number Number ( ft)

• A-09-0S9 S-6 ~~~-- dark oliv~~gray __ Elastic silt MH-----_.- 1- -, -----

I

--'" -- ,.. .. -----

Remark 0.00

4,,,, Earth Mechanics, Inc. ACTA/Schuyler Heim Bridge Project GRAIN SIZE ANALYSIS
','." ,'YO"

(ASTM D-422-63)1~~\f!,,~l;1;' Geotechnical and.Earthquake Engineering

Project No. : 06-123-3 I Date: 12/07/09 Figure No.:



REGULAR HYDROMETER TEST
ASTM D-422-63 (Reapproved] 990) I CT - 203

1- 1

Project Name : ACTA/Schuyler Heim Bridge Project

Project No. : 06-123-3 Tested Standard: 0 ASTM 0 CAL. TRANS.

Boring No. : A-09-059 Prepared By : PA Date:

Sample No. : S-8 Tested By : PA Date:
i --

Depth below Dec] : 40.0 I Sieved By : RJ Date:

Description : dark greenish gray, SILTY SAND (SM) Calculated By : JF Date: 12107109

Deflocculant 125cc oj 4% Sotliutn Hexametaphosphate Solution Checked By: R.J. Date:

SampleJar Hydrometer should passing (No.1 0 ·ASTM) & (No.4 -Cnl. Tntn.), 65 gm forfine & 115 gmJar SIIIlt/. 1

Setup Container No. :1 J-13 Sample Before Washing After Washing Specific Gravity

Test Cylinder No. : 4 No.8 & 10 Retained Hydrometer Retained Hydrometer 2.70

Computer File No. : Tested Moisture Tested Moisturc No.4& 10 Snmple Correction factor

Container No. S-26 J-13 78 S-3 for difference S.G.

Wt. of Wet Soil + Container (gm) 255.53 97.03 209.35 .;' ..,.... i 0.99

Wt, of Dry Soil +Container (grn) ii ..... i . 208.37 189.52 Hydrometer Typei ,

·.·,.i/<\
------_.

Wt, of Container (gm) . ' .. 58.94 118.19 152H

Wt. ofDI'Y Soil (gm) 253.87 .. .. 96.40 '.'/ 71.33 (K) Value Ternp.X'

Moisture Content ('Yi,)
.... ....

••••• 0.66 ........... /;
....<.•~ 0.01328 21.0

U.S. Sieve Cumulativewt, Wt. ofDry %1 Finer Liquid U.S. Sieve CumulativeWcight Wt.ofDry 'XI Finer 'y',Total
Size ofDry SolI(gm) Soil(gm) Than Limit Size ofDry Soil(grn) Soil(gm) Than Sample

2.5" No.16 1.79 98.14 97.27-
2.0" No. 20

._-

1.5" Plastic No. 30 2.14 97.78 96.91
_.-------

1.0" Limit No.40

3/4" No. 50 3.73 96.13 95.28-
1/2" No. 60

3/8" 0.00 100.00 Plastic No.100 34.09 64.64 64.06

No.4 2.25 99.11 Index No. 140

No.8 1.21 97.87 No. 200 69.74 27.65 27.41-
No.10 Pan 71.27

c,"'01'¥ 0;0,

Obersved EL. Temp. Hydrometer Reading 100 Ra 'X, Totnl Grain
Correction Coefficient

Correction

Time Time {min.} ( oc)
Composite Correction --- Sample Diameter Dia. (mm)

(Tl
Orginnl

Correction (Rl0:01 w (mm) (K) (L) (D)

13:50 0:00:00 ..\\ I' ••.·,••.•••;.•••..• '.•.• ••.••-.·.; 6.0 ....;.... .\\ ......... '. ...................
'.

'i/ ........."c'"~
2 21.0 28.0 6.0 22.0 22.59 22.39 0.05500 0.01328 12.7 0.03345

5 21.0 25.0 6.0 19.0 19.51 19.34 0.03500 0.01328 13.2 0.02156

15 21.0 23.0 6.0 17.0 17.46 17.30 0.02000 0.01328 13.5 0.01260

30 21.0 21.0 6.0 15.0 15.40 15.27 0.01400 0.01328 13.8 0.00902

60 21.0 19.0 6.0 13.0 13.35 13.23 0.01000 0.01328 14.2 0.00645

120 21.5 17.5 6.0 11.5 11.81 11.71 0.00700 0.01328 14.4 0.00460

240 22.0 16.0 6.0 10.0 10.27 10.18 0.00500 0.01328 14.7 0.00322

1440 21.5 13.5 6.0 7.5 7.70 7.63 0.00100 0.01328 15.1 0.00136

Cu: 45.9 Gravel Sand Fine
Remark: Above #30 are shell fragments

Cc: 14.8 1 72 27



I II us Standard Sieve Sizes Hydrometer Analysis

6" 5" 4" 3" 2.5" 2" 1.5" 1" 3/4 1/2" 3/B" 114 #B #10 #16 #20 #30 #40 #50 #60 #100 #200
-

100.0 --~-

..
\

90.0

\
80.0

\
::R70.0

\
e

....
:[n

60.0 '"\ ~
;;.,

I:Q

50.0

\ <:ic
~....

40.0 c
'"

1\ '"<:i
Q.,

30.0

~
20.0 ---.....

~
10.0 ---.
0.0

1000 100 10 1 0.1 0.01 0.001
Grain Size (mm)

I Gravel Sand J Silt or ClayCobbles I Coarse I Fine Coarse I Medium I Fine I

Symbol
Boring Sample Depth

Soil Color Soil Description U.S.C.S.
Number Number (ft)

• A-09-0S9 S-B 40.0 I I dark greenish gray Silty sand SM----

*
_._--_.' .'.

$ ..-----

-_._-_...

I
Remark Above #30 are shell fragments

~ ... Earth Mechanics, Inc. ACTA/Schuyler Heim Bridge Project GRAIN SIZE ANALYSIS
'ti;'1!i!,,~ Geoteehnienl nnd Earthquake Engineering (ASTM D-422-63)

Project No. : 06-123-3 I Date: 12/07/09 Figure No. :



ONE-DIMENSIONAL CONSOLIDATION OF SOIL
ASTM 0-2435/ CT-219

Device No.: 4

1

Date: 12/3/2009

Date: 12/3/09-12/13/09

Date: 12/6/09, 12/8/09

Date: 12/9/2009

Date: -'

J.F

J.F/R.J.
J.F

JF
R.J.

Set up By :__-=-='--__

Tested By : _--"-,,-,-:,,,:,:,=,,--_

Time Rate Took By :__-=-='--__

Computer By :__---=-'--__

Checked By :__--=--.:.:.::.:......__

16.10: 20.0

: ACTNSchuyler Helm Bridge Project

: A-09-058

: 0-4

: 06-123-3

Project Name
Project No.
Boring No.
Sample No.
Depth (ttl m)
File No.
Soil Descriptior : Dark gray, SANDY SILT (ML)
Method ( A ) [2]Constant load incrementdurationof 24 hours or multiplesthere for. Mlnfumof two Time-deformationreadingare required.

Method ( B ) DTIme.deformation readingare required on all load increments. Successiveload incrementsare appliedafter 100 % primary
consolidationis reached, or at conslant time incrementsare describedin Test Method( A )

Sample ( inch) (mm) ( ksf) ( ItPa) ( ksf) (ItPa)

47.701.00

23.94

766.08
11.97

0.50

16.00
0.25

Add Water atl_-'-'-':..:.-_I_-==:..:.-_I___________ Reload to .1 -1

Load to Rebound to
Rebound tol-'::":O=--J---'-':.:='::=-+-------------:Time rate taking at

61.47
25.40
24.30

2.42

1.00
0.9565Height ( Final)

Height (Intial )

Internal Diameter

AfterBefore

187.21

44.00

Dial Reading ConsOI.I- ~~~~--__----~~~~
(in) (mm) ('Yo)

0.04880 1.24

Elapsed

TIme (min.)

0:00:00-

Date Time

15:14

12/4/2009 8:10

121512009 9:44

1216/2009 8:40

0:00:00

0:00:00

0:00:00

.-.0.1 4.8

0.25 12.0

0.50 23.9

Add Wale

0.50 23.9
.

0.05000
.

0.05290

0.05710

0.05720

1.27

1.34

1.45

1.45

0.00

0.29

0.71

0.72

No·1 85 I

244.97
210.28

59.31
103.31

32.43
0.04

0.0025

122.7
92.62

1216/2009 8:43 0:00:00

0.10

1.00 47.9

1.0 47.9

0.05720

0.05970

1.45

1.52

0.72

0.97
Date Consol.

('Yo)

0.25 1.0 47.9 0.05990 1.52 0.99 12/10/2009 8:22 4.61

0.50 1.0 47.9 0.0600 1.52 1.00

1.0 47.9 0.06020 1.53 1.02 1211112009 8:23 16.00 766.1 0.1136 2.89 6.36
2

4

1.0 47.9

1.0 47.9

1.53

1.53

1.03

1.04 1211212009 8:40 2.00 95.8 0.1043 2.65 5.43
8 1.0 47.9 0.06060 1.54 1.06

15 1.0 47.9 0.06085 1.55 1.08 12113/2009 9:15 0.25 12.0 0.0923 2.34 4.23
30 1.0 47.9 0.06090 1.55 1.09

60 1.0 47.9 0.06100 1.55 1.10 7.75

120 1.0 47.9 0.06120 1.55 1.12 10.95

240

480

1.0 47.9

1.0 47.9

0.06140

0.06150

1.56

1.56

1.14

1.15

15.49

21.91 ,

1217/2009 1440 1.0 47.9 0.06180 1.57 1.18 37.95

12/8/2009 8:28 o 2.0 95.8

..

0.07080 1.80 2.08

12/8/2009 8:29 o 4.0 191.5 0.0708 1.80 2.08

0.10 4.0 191.5 0.0785 1.99 2.85

0.25 4.0 191.5 0.0787 2.00 2.87

0.50 4.0 191.5 0.0790 2.01 2.90

4.0 191.5 0.0791 2.01 2.91

2 4.0 191.5 0.0794 2.02 2.94

4 4.0 191.5 0.0797 2.02 2.97

8 4.0 191.5 0.0801 2.03 3.01

15 4.0 191.5 0.0803 2.04 3.03

30 4.0 191.5 0.0806 2.05 3.06

60 4.0 191.5 0.0809 2.05 3.09

120 4.0 191.5 0.0812 2.06 3.12

240 4.0 191.5 0.0816 2.07 3.16

480 4.0 191.5 0.0822 2.09 3.22

12/09/09 1440 4.0 191.5 0.0825 2.10 3.25

Remark Final Dial Reading 0.0923



0.0 : i .
0 Natural Moisture

<, • Sample SUbmerged

~~ - .- Rebound
I ' I I i

I I I I1.0
iii·...., i
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\2.0

'\..--=Of).... 1\~

~ 3.0 \1\=....
~
Of)

=~-=U..-
= 4.0

I

i \1~
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~

Pol ~

~t...
... 1...

I ... ~... ,

5.0 i I I'" .. I
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\
... !...

fit •
! •
i ...

I
... ...

6.0
1"'1.

-,\II
I

7.0 I
0.1 1.0 10.0 100.0

Compressive Stress in (ksf)

Boring No. : A-09-058 Liquid Limit: - Moisture Dry Density Percent Void

Sample No. : D-4 Plastic Limit: - Content(%) (pel) I (kN/m J
) Saturation Ratio

Depth 1 (ft) : 20.0 21.5 Plastic Index: - I Initial 33.88 88.60 I 13.94 101.34 0.90

1 (m) : 6.10 6.56 Specific Gravity: I 2.70 I Final 32.43 92.62 I 14.58 106.80 0.82

Description : Dark gray. SANOY SILT (ML)

« Earth Mechanics, Inc. ACTA/Schuyler Heim Bridge Project
Gcotcchnicnl and Earthquake Engineering

CONSOLIDATION TEST
Project No. : 06-123-3 12109109

(ASTM D-2435 / CT-219)
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-{f[g:,~, ~~_~t~l ~,~cha~i~s,.lnc. ACTA/Schuyler Heim Bridge Project
Boring No. : A-09-058

Sample No. : 0-4

One-Dimensional Consolidation of Soil
Time-Deformation Curve (Log of Time Method)

EMI Project No.: 06-123-3 Depth (ftIm): 20.0 ,~ Veritcal Load (ksfll{pa); 1.00 47.9



Square Root of Time (minutes)
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~~, _nr. ....~e ..~I~I_~.~,.n.~~ ACTA/Schuyler Heim Bridge Project

Boring No. : A-OQ-058

Sample No.: 0-4

One-Dimensional Consolidation of Soil
Tlme-Deformntlon Curve (Square Root or Time Method)

EMI Project No.: 06-123-3 Depth (ftlm): 20.0 ra.;- Veriteal Load (ksf/kpa}: 1.0 47.9
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Boring No. : A-09-058

Sample No. : 0-4

One-Dimensional Consolidation of Soil
Time-Deformation Curve (Log of Time Method)

EMI Project No. : 06-123-3 Depth (ftlm): 20.0 F, Veritcal Load (ksf/kpa}: 4.00 191.5



+- ·1--+·-\--+··,·-1-·+·-+--'-- )-..-1- ..\---,- +--:-1-----'--: .... i--\-.. ·+--i- ·+ .._+--+-+··_·,- .._,··· ..+·.._··1.. ····..r- j_oo' __

0.0750 •
,

,

0.

07608'
••...,'~...

0.0770

Square Root of Time (minutes)

0.0780 I I . :-

0.0800 +

0.079(

••
J~

i).

.~
J\
. i

"'""..cI
c:.J

=.~'-'

=o
.~

~
t':.la
:-.
~
~

~

0.0810 I : I=---"= I

0.0820 I I I

. , .
5 10 15 20 25 30 35 40

-w§Jif;\, Enrth Mechnnics, Inc.
-~it:~~,' G~"h,cllllh:ld"Ill! R.rlliqullllc EIl~IIlCl!rhll:

EMI Project No.: 06-123-3

ACTA/Schuyler Heim Bridge Project
Boring No. : A-OQ-058

Sample No. : D-4

Depth (flIm): 20.0 16.1,
One-Dimensional Consolidation of Soil

Time-Deformation Curve (Square Root of Time Method)

Veritcal Load (ksf/kpa) : 4.0 191.5



ONE-DIMENSIONAL CONSOLIDATION OF SOIL
ASTM D-2435/ CT-219

Device No. : 5

1

Date : 1213/2009

Date : 1213/09-12/13/09

Date: 12/6/09,12/8/09

Date : 1219/2009
Date : _'

J.F
J.F/R.J.

J.F
JF

R.J.

Set up By :__---=::.:.-__

Tested By : _--=-.:.:...:..:..==-=-_
Time Rate Took By :__-:::.c.'--__

Computer By :__--='--__
Checked By :__--'-'-=-=-__

: 06-123-3

: ACTA/Schuyler Heim Bridge Project

: 0-6
: 30.0 19.15

: A-09-058

Project Name
Project No.
Boring No.
Sample No.
Depth ( ft 1m)

File No.
Soil Descriptior : Dark gray, SIL T with SAND (ML)
Method ( A ) Dconslant load increment durallon of 24 hour, or multiples Ihere for. Minium of two TIme -defonmation reading are required,

Method ( B ) OTlme-defonmation reading are required on all load Increments. Successive load Increments are applied after 100 % primary
consolldalion is reached, or at constanltlme Increments are described In Test Mathnd ( A )

Sample (inch) (mm) Vertical Load ( ksf') ( IIPa) Vertical Load ( IIsf) ( IIPa)
Internal Diameter 2.42 61.47 Add Water a 0.50 23.94 Reload to

Height ( Intial) 1.00 25.40 Load to 16.00 766.08 Rebound to
Height ( Final) 0.9128 23.19 Rebound to 0.25 11.97 Time rate taking a 1.00 47.70

Date Time
Elapsed Load Dial Reading Conso!. Before After

Time (mIn.) ( ksf) I (kPa) (in) (mm) (%) Weight of wet soil + ring (gm 188.31

1213/2009 15:04 0:00:00 Seating ....... 0.04640 1.18 Weight of ring ( gm 43.71
Load Weight of wet soil + ring + container ( gm

.,
242.33

15:14 0.1 I 4.8 0.05000 1.27 0.00 Weight of dry soil + ring + container ( gm 211.80
No·1 86 I Weight of container ( gm 60.05

1214/2009 8:10 0:00:00 0.25 12.0 0.05950 1.51 0.95 Weight of ring + container ( gm 103.76
Moisture Content ( % ) 33.84 28.26

121512009 9:44 0:00:00 0.50 23,9 0.06660 1.69 1.66 Dial Reading ( inch 0.05 0.04
Add Water Sample Volume ( ff ) 0.0027 0.0024

1216/2009 8:40 0:00:00 0.50 23.9 0.06680 1.70 1.68 SQRT Wet Density ( pcf 119.8 125.7
Time Dry Density ( pcf) 89.48 98.03

1216/2009 8:43 0:00:00 1.00 47.9 0.06680 1.70 1.68 0.00 Date Time Elapsed Load Dial Reading Consol.
0.10 1.0 47.9 0.07030 1.79 2.03 0.32 Time (mIn.) ( ksf) (kPa) (in) (mm) (%)
0.25 1.0 47.9 0.07110 1.81 2.11 0.50 12110/2009 8:22 8.00 383.0 0.1350 3.43 8.50

0.50 1.0 47.9 0.0717 1.82 2.17 0.71

1 1.0 47.9 0.07240 1.84 2.24 1.00 12111/2009 8:23 16.00 766.1 0.1613 4.10 11.13
2 1.0 47.9 0.07310 1.86 2.31 1.41---
4 1.0 47.9 0.07380 1.87 2.38 2.00 1211212009 8:40 2.00 95.8 0.1498 3.80 9.98
8 1.0 47.9 0.07430 1.89 2.43 2.83

15 1.0 47.9 0.07460 1.89 2.46 3.87 12113/2009 9:15 0.25 12.0 0.1336 3.39 8.36
30 1.0 47.9 0.07510 1.91 2.51 5.48

60 1.0 47.9 0.07560 1.92 2.56 7.75

120 1.0 47.9 0.07590 1.93 2.59 10.95

240 1.0 47.9 0.07640 1.94 2.64 15.49

480 1.0 47.9 0.07700 1.96 2.70 21.91

1217/2009 1440 1.0 47.9 0.07750 1.97 2.75 37.95

1218/2009 8:28 0 2.0 95.8 0.09310 2.36 4.31

1218/2009 8:29 0 4.0 191.5 0.0931 2.36 4.31

0.10 4.0 191.5 0.1019 2.59 5.19

0.25 4.0 191.5 0.1025 2.60 5.25

0.50 4.0 191.5 0.1046 2.66 5.46

1 4.0 191.5 0.1053 2.67 5.53---
2 4.0 191.5 0.1062 2.70 5.62

4 4.0 191.5 0.1069 2.72 5.69------
8 4.0 191.5 0.1075 2.73 5.75

15 4.0 191.5 0.1080 2.74 5.80

30 4.0 191.5 0.1087 2.76 5.87

60 4.0 191.5 0.1093 2.78 5.93

120 4.0 191.5 0.1100 2.79 6.00---
240 4.0 191.5 0.1109 2.82 6.09

480 4.0 191.5 0.1118 2.84 6.18

12109/09 1440 4.0 191.5 0.1122 2.85 6.22

----
Remark Final Dial Reading 0.1336



Boring No. :A-09-058 Liquid Limit: -
"ciciS_Ufrc

Moisture Dry Density Percent Void
Sample No. : D-6 Plastic Limit: - Content(%) (pel) I (ItN/m

1
) Saturation Ratio

Depth I Cft) : 30.0 I 31.5 Plastic Index: - Initial 33.84 89.48 I 14.08 103.38 0.88

I (rn) : 9.15 I 9.61 Specific Gravity :1 2.70 Final 28.26 98.03 I 15.43 106.04 0.72

Description : Dark gray, SIL T with SAND (ML)

Earth M'echanics, Inc.
_'/ Geotechnical nnd Earthquake Engineering

AeTA/Schuyler Heim Bridge Project

Project No. : 06-123-3 12109/09
CONSOLIDATION TEST
( ASTM D-2435 / CT-219 )
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One-Dimensional Consolidation of Soil
Time-Deformation Curve (Log of Time Method)

Veritcal Load (lcsf/lcpa) : 1.00 47.9
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DIRECT SHEAR TEST

ASTM D-3080-04

Project No. : 06-123-3 Project Name : ACTA/Schuyler Heim Bridge Project

Boring No. : A-09-058 Saturated Field Moisiture X Inundated Specific Gravity (Assumed) : 2.70

Sample No.: 0-2 X Undisturbed Remolded Consolidated-Drained Shear Rate (inch/min): 0.02

Depth (ftlm): 10.0 Reshear Residual Data File Number: 0911810

Description : Dark
PercentSaturation (%)

Prepared By : JF Shear

Tested By : JF 191.5

Computed By : JF

Checked By:

Pe~¢e'nt Consoiidatinn'(;(oJ 156 156 396 18.9

Height of Sample (inch) 0.05 216 0.22 228 0.23 588 0.59 28.0

Diameter of Sample (inch) 0.08 264 0.26 12.6 300 0.30 804 0.80 3804

Dial Reading-Consolidation (inch) 0.040 I0.10 300 0.30 1404 348 0.35 972 0.97 4604

Weight of Soil + Ring (gm) 0.050 I0.13 336 0.34 16.1 396 0040 19.0 1116 1.12 53.2

Weight of Ring (gm) 0.060 0.15 360 0.36 17.2 444 0044 21.3 1248 1.25 59.5

Weight of Wet Soil + Cant. (gm) 396 0040 19.0 480 0048 23.0 1356 1.36 64.7

Weight of Dry Soil + Cont. (gm) 0.20 420 0042 20.1 516 0.52 24.7 1464 1046 69.8

Weight ofCont. (gm) No. 0.23 444 0044 21.3 552 0.55 2604 1536 1.54 73.3

Moisture Content ('Yo) 0.25 456 0046 21.8 588 0.59 28.2 1620 1.62 77.3

Wet Density (pefJ kN/mJ
) 0.28 468 00471 2204 612 0.61 29.3 1692 1.69 80.7

Dry Density (pefI kN/mJ
) 0.30 492 0049 23.6 636 0.64 30.5 1752 1.75 83.6

Percent Saturation 0.33 492 0049 23.6 660 0.66 31.6 1800 1.80 85.9

Prepared By : JF 0.36 516 0.52 24.7 684 0.68 32.7 1860 1.86 88.7

Tested By : JF 0.38 516 0.521 24.7 708 0.71 33.9 1908 1.91 91.0

Pe~i::cnt Con~!Jlid~tion 0041 528 0.53 25.3 744 0.74 35.6 1944 1.94 92.7

Height of Sample (inch) 0043 540 0.54 25.9 756 0.76 36.2 1968 1.97 93.9

Diameter of Sample (inch) 0046 540 0.541 25.9 780 0.78 37.3 2004 2.00 95.6

Dial Reading-Consolidation (inch) 0048 540 0.54 25.9 792 0.79 37.9 2028 2.03 96.7

Weight of Soil + Ring (gm) 0.51 552 0.55 2604 816 0.82 39.1 2052 2.05 97.9

Weight of Ring (gm) 0.53 552 0.55 2604 828 0.83 39.6 2076 2.08 99.0

Weight of Wet Soil + Cont. (gm) 0.56 552 0.55 2604 840 0.84 40.2 2100 2.10 100.2

Weight of Dry Soil + Cant. (gm) 0.58 564 0.56 27.0 852 0.85 40.8 2100 2.10 100.2

Weight of Cont. (gm) No. 0.61 564 0.56 27.0 852 0.85 40.8 2124 2.12 101.3

Moisture Content ('Yo) 0.64 564 0.56 27.0 852 0.85 40.8 2112 2.11 100.7

Wet Density (pefI kN/mJ
) 0.66 564 0.56 27.0 864 0.86 4104 2124 2.12 101.3

Dry Density (pefI kN/mJ
) 0.69 552 0.55 2604 876 0.88 41.9 2124 2.12 101.3

Percen( Satllr:@:io(%) 552 0.55 2604 888 0.89 42.5 2136 2.14 101.9

Prepared By: JF 552 0.55 2604 900 0.90 43.1 2136 2.14 101.9

Tested By: JF 552 0.55 2604 912 0.91 43.7 2124 2.12 101.3

Perci::rii:C~lIsolidntillnt~) 552 0.55 2604 912 0.91 43.7 2124 2.12 101.3

Height of Sample (inch) 552 0.55 [ 2604 924 0.92 44.2 2124 2.12 101.3

Diameter of Sample (inch) 552 0.55 2604 924 0.92 44.2 2124 2.12 101.3

Dial Reading-Consolidation (inch) 552 0.55 2604 936 0.94 44.8 2124 2.12 101.3

Weight of Soil + Ring (gm) 0.89 552 0.55 2604 936 0.94 44.8 2112 2.11 100.7

Weight of Ring (gm) 0.91 552 0.55 26.4 936 0.94 44.8 2112 2.11 100.7

Weight of Wet Soil + Cont. (gm) 0.94 552 0.55 2604 948 0.95 45.4 2100 2.10 100.2

Weight of Dry Soil + Cant. (gm) 0.97 540 0.54 25.9 B48 0.95 4504 2112 2.11 100.7

Weight of Cant. (gm)No. 552 0.55 2604 948 0.95 4504 2112 2.11 100.7

Moisture Content ('Yo) 540 0.54 25.9 948 0.95 4504 2112 2.11 100.7

Wet Density (pef/ kN/mJ
)

Dry Density (pef11<N/mJ
)

=$t=Strength (llSf) (kPa)

Peale 0.56 27.00
24.71

---
Ultimate 0.52
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Boring No. : A-09-058 0.00 (ksf)
, ......

0.00 I (ksf) ", ,

Sample No. : 0-2
Strength Intercept (C) :

0.00 (IIPa) Peak 0.00 (ld'a) Ultimate

Depth (fUm) : 10.0 10.00 Friction Angle ( c!J ) : 27.65 Degree
"

24.49 Degree ,

Description : Dark gray, Lean CLAY (CL) Shear Rate (inch/minute) : 0.02
MOISTURE DRY DENSITY VOID NORMAL STRESS PEAK STRESS UL'TIMATE STRESS

SYMBOL
I (IIN/mJ

) I ICONTENT(%) (pc!) RATIO (ksf) (Id'a) (ks!) (Id'a) (ks!) (kPa)

• 51.87 69.68 10.97 1.42 1.00 47.88 0.56 I 27.00 0.52

I

24.71.. 52.12 67.87 10.68 1.48 2.00 95.76 0.95 45.39 0.71 33.90

.A 47.96 69.85 10.99 1.41 4.00 191.52 2.14 102.27 1.91 I 91.36

I I

Earth Mechanics, Inc.
Geotechnical and Earthquake Engineering

Project No. : 06-123-3 Date: 11/30/09
DIRECT SHEAR TEST (ASTM D-3080)

Figure No.:



DIRECT SHEAR TEST

ASTM D-3080-04

Project No. : 06-123-3 Project Name: ACTA/Schuyler Heim Bridge Project

Boring No.: A-09-058 Saturated Field Moisiture X Inundated Specific Gravity (Assumed) : 2.70

Sample No.: 0-10 X Undisturbed Remolded Consolidated-Drained Shear Rate (ineh/mio): 0.02

Depth (ftlm) : 50.0 x Shear Once Residual Data File Number: 0612311

Description : Dark
Percent Saturation (%)

Normal Stress (psf/ksflkPa)
Prepared By : JF Shear

Tested By : JF 8.0 1 383.0

Computed By : JF
Checked By:

Percent C:onsoliiJ~tion ('!o) 792 0.79 37.9 1404 1.40 67.2 2124 2.12 101.3

Height ofSample (inch) 1152 1.15 55.2 1932 1.93 92.5 2772 2.77 132.2

Diameter of Sample (inch) 1380 1.38 66.1 2148 2.15 102.8 3204 3.20 152.8

Dial Reading-Consolidation (inch) 1572 1.57 75.3 2460 2.46 117.8 3552 3.55 169.4

Weight ofSoil + Ring (gm) 0.13 1716 1.72 82.2 2736 2.74 131.0 3828 3.83 182.6

Weight of Ring (gm) 0.15 1836 1.84 87.9 2988 2.99 143.1 4008 4.01 191.2

Weight of Wet Soil + Cont (gm) 0.18 1932 1.93 92.5 3156 3.16 1151.1 4140 4.14 197.5

Weight of Dry Soil + Cont. (gm) 0.20 2004 2.00 96.0 3324 3.32 159.2 4308 4.31 205.5

Weight of Cont. (gm)No. 0.23 2064 2.06 98.8 3456 3.46 165.5 4416 4.42 210.7

Moisture Content (%) 0.25 2100 2.10 100.5 3576 3.58 171.2 4500 4.50 214.7

Wet Density (pcf/ kN/mJ
) 0.28 2124 2.12 101.7 3660 3.66 175.2 4572 4.57 218.1

Dry Density (pcf/ kN/mJ
) 0.30 2160 2.16 103.4 3744 3.74 179.3 4644 4.64 221.5

Percerif1Muration(%) 0.33 2160 2.16 103.4 3804 3.80 182.1 4704 4.70 224.4

Prepared By : JF 0.36 2148 2.15 102.8 3852 3.85 184.4 4764 4.76 227.3

Tested By : JF 0.38 2124 2.12 101.7 3888 3.89 186.2 4812 4.81 229.5

Per'c~'~t:c~~5tiiid'nti~~'(%) 0.41 2100 2.10 100.5 3900 3.90 186.7 4860 4.86 231.8

Height of Sample (inch) 0.43 2076 2.08 99.4 3900 3.90 186.7 4872 4.87 232.4

Diameter of Sample (inch) 0.46 2040 2.04 97.7 3900 3.90 186.7 4908 4.91 234.1

Dial Reading-Consolidation (inch) 0.48 2016 2.02 96.5 3900 3.90 186.7 4908 4.91 234.1

Weight of Soil + Ring (gm) 0.51 1980 1.98 94.8 3888 3.89 186.2 4944 4.94 235.8

Weight of Ring (gm) 0.53 1980 1.98 94.8 3876 3.88 185.6 4956 4.96 236.4

Weight of Wet Soil + Cont. (gm) 0.56 1968 1.97 94.2 3828 3.83 183.3 4968 4.97 237.0

Weight of Dry Soil + Cont. (gm) 0.58 1956 1.96 93.7 3780 3.78 181.0 4968 4.97 237.0

Weight of Cont (gm)No. 0.61 1956 1.96 93.7 3732 3.73 178.7 4968 4.97 237.0

Moisture Content (%) 0.64 1956 1.96 93.7 3708 3.71 177.5 4980 4.98 237.6

Wet Density (pcf/ kN/mJ
) 0.66 1956 1.96 93.7 3684 3.68 176.4 4968 4.97 237.0

Dry Density (pcf/ltN/mJ
) 0.69 1956 1.96 93.7 3660 3.66 175.2 4968 4.97 237.0

PerceIit·S~turatioIi("io) 0.71 1944 1.94 93.1 3660 3.66 175.2 4932 4.93 235.3

Prepared By : JF 0.74 1932 1.93 92.5 3660 3.66 175.2 4908 4.91 234.1

Tested By : JF 0.76 1932 1.93 92.5 3684 3.68 176.4 4860 4.86 231.8

Percenl CJl1sl1iidation(~/.)' 0.79 1932 1.93 92.5 3696 3.70 177.0 4836 4.84 230.7

Height of Sample (inch) 0.81 1920 1.92 91.9 3708 3.71 177.5 4800 4.80 229.0

Diameter of Sample (inch) 0.84 1920 1.92 91.9 3720 3.72 178.1 4764 4.76 227.3

Dial Reading-Consolidation (incll) 0.86 1908 1.91 91.4 3732 3.73 178.7 4752 4.75 226.7

Weight of Soil + Ring (gm) 0.89 1908 1.91 91.4 3732 3.73 178.7 4716 4.72 225.0

Weight of Ring (gm) 0.91 1896 1.90 90.8 3744 3.74 179.3 4692 4.69 223.8

Weight onVet Soil + Cont. (gm) 0.94 1884 1.88 90.2 3756 3.76 179.8 4668 4.67 222.7

Weight of Dry Soil + Cont. (gm) 0.97 1884 1.88 90.2 3768 3.77 180.4 4656 4.66 222.1

Weight of Cont. (gm)No. 0.99 1884 1.88 90.2 3780 3.78 181.0 4644 4.64 221.5

1872 3768
-- 4620Moisture Content (%) 1.02 1.87 89.6 3.77 180.4 4.62 220.4

Wet Density (pcf/ kN/mJ
) 0.00

Dry Density (pcf / kN/mJ
) 0.00

Strength (Icsf) (lcPa) 0.00

Peak 2.16 1103.42 0.00

Ultimate 1.87 89.63 I 0.00
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Boring No. : A-09-058 0.48 I (lis!) .:;' i'·' 0.25 (ksf)
... ' .. '

Sample No. : 0-10
Strength Intercept (C) :

22.83 (kPa) Peak 11.91 (!<Fa) Ultimate

Depth (ftlm) : 50.0 10.00 Friction Angle ( tb ) : 29.48 Degree 28.95 Degree

Description : Dark gray, SILTY CLA YEY SAND (SC-SM) Shear Rate (inch/minn.e) : 0.02
MOISTURE DRY DENSITY VOID NORMALSTRESS PEAK STRESS ULTIMATE STRESS

SYMBOL
ICONTENT(%) (pet) (kN/mJ

) RATIO (kst) (kPa) (kst) (kPa) (ksf) (kPa)

0 24.60 99.45 15.65 0.69 3.00 143.64 2.16 103.42 1.87 89.63.- 25.06 98.46 15.50 0.71 6.00 287.28 3.90 186.73 3.66 175.24

A 29.93 93.77 14.76 0.80 8.00 383.04 4.98 238.44 4.62 I 221.21

I

Earth Mechanics, Inc.
Geotechnicaland Earthquake Engineering

Project No. : 06-123-3 Date: 11/30/09

DIRECT SHEAR TEST (ASTM D-3080)

Figure No.:



DIRECT SHEAR TEST

ASTM D-3080-04

Project No. : 06-123-3 Project Name: ACTA/Schuyler Heim Bridge Project

Boring No.: Saturated Field Moisiture X Inundated Specific Gravity (Assumed) : 2.70

Sample No.: X Undisturbed Remolded Cunsolidated-Drnlned Shear Rate (ineh/min): 0.02

Depth (fUm) : X Shear Once Data File Number: 0911812

Description:

Percent Saturation (%) 1
Prepared By : JF

,.' .,:

Shear
N orJ1IlIl Stress

Tested By : JF 1000 191.5

Computed By : JF
Checked By:

PereentConsolidaiioiJ .(%) 372 672 1308
Height of Sample (inch) 0.05 504 0.50 876 0.88 41.9 1764 1.76

Diameter of Sample (inch) 0.08 612 0.61 29.3 1044 1.04 50.0 2100 2.10

Dial Reading-Consolidation (inch) 0.10 696 0.70 33.3 1152 1.15 55.2 2340 2.34

Weight of Soil + Ring (gm) 0.13 744 0.74 35.6 1236 1.24 59.2 2496 2.50

Weight of Ring (gm) 0.15 780 0.78 37.3 1308 1.31 62.6 2628 2.63

Weight of Wet Soil + Cont. (gm) 780 0.78 37.3 1356 1.36 64.9 2724 2.72 129.9

Weight of Dry Soil + Cont, (gm) 792 0.79 37.9 1392 1.39 66.6 2796 2.80 133.4

Weight of Cent, (gm)No. 792 0.79 37.9 1404 1.40 67.2 2832 2.83 135.1

Moisture Content ("!o) 0.25 780 0.78 37.3 1404 1.40 67.2 2868 2.87 136.8

Wet Density (perI kN/mJ
) 0.28 756 0.761 36.2 1380 1.38 66.1 2844 2.84 135.7

Dry Density (perI kN/mJ
) 0.30 720 0.72 34.5 1356 1.36 64.9 2808 2.81 133.9

PercentSatllratIon (%) 0.33 684 0.68 32.7 1320 1.32 63.2 2748 2.75 131.1

Prepared By : JF 0.36 660 0.66 31.6 1284 1.28 61.5 2664 2.66 127.1

Tested By: JF 0.38 636 0.641 30.5 1260 1.26 60.3 2556 2.56 121.9

P~rc~;;iCo~solidnii;;~'H;) 0.41 612 0.61 29.3 1248 1.25 59.8 2460 2.46 117.3

Height of Sample (inch) 0.170 I0.43 600 0.60 28.7 1236 1.24 59.2 2388 2.39 113.9

Diameter ofSampie (inch) 0.180 0.46 600 0.60 28.7 1248 1.25 59.8 2352 2.35 112.2

Dial Reading-Consolidation (incb) 0.48 600 0.60 28.7 1248 1.25 59.8 2316 2.32 110.5

Weight of Soil + Ring (gm) 0.51 588 0.59 28.2 1248 1.25 59.8 2304 2.30 109.9

Weight of Ring (gm) 0.53 588 0.59 28.2 1260 1.26 60.3 2292 2.29 109.3

Weight of Wet Soil + Cont. (gm) 0.56 600 0.60 28.7 1272 1.27 60.9 2292 2.29 109.3

Weight of Dry Soil + Cont. (gm) 0.58 600 0.60 28.7 1284 1.28 61.5 2304 2.30 109.9

Weight of Cont. (gm)No. 0.61 600 0.60 28.7 1272 1.27 60.9 2316 2.32 110.5

Moisture Content ("!o) 0.64 600 0.60 28.7 1272 1.27 60.9 2328 2.33 111.1

Wet Density (perI kN/mJ
) 0.66 600 0.60 28.7 1260 1.26 60.3 2328 2.33 111.1

Dry Density (perI kN/mJ
) 0.69 600 0.60 28.7 1284 1.28 61.5 2328 2.33 111.1

PcrcenfSatUrllnoiI(%) ., 0.71 600 0.60 28.7 1308 1.31 62.6 2340 2.34 111.6

Prepared By: JF 0.74 600 0.60 28.7 1332 1.33 63.8 2364 2.36 112.8

Tested By: JF 0.76 600 0.60 28.7 1332 1.33 63.8 2364 2.36 112.8

PereentConslJiidniion 0.79 600 0.60 28.7 1332 1.33 63.8 2376 2.38 113.3

Height of Sample (inch) 0.81 600 0.60 28.7 1344 1.34 64.4 2388 2.39 113.9

Diameter of Sam ple (inch) 0.84 600 0.60 28.7 1356 1.36 64.9 2388 2.39 113.9

Dial Reading-Consolidation (inch) 0.86 600 0.60 28.7 1356 1.36 64.9 2388 2.39 113.9

Weight of Soil + Ring (gm) 600 0.60 28.7 1356 1.36 64.9 2412 2.41 115.1

Weight of Ring (gm) 600 0.60 28.7 1368 1.37 65.5 2424 2.42 115.6

Weight of Wet Soil + Cont. (gm) 600 0.60 28.7 1356 1.36 64.9 2436 2.44 116.2

Weight of Dry Soil + Cont. (gm) 600 0.60 28.7 1356 1.36 64.9 2424 2.42 115.6

Weight of Cent, (gm)No. 0.99 600 0.60 28.7 1356 1.36 64.9 2436 2.44 116.2

Moisture Content ("!o) 1.02 600 0.60 28.7 1356 1.36 64.9 2424 2.42 115.6

Wet Density (perI kN/mJ
) 0.00

Dry Density (perI kN/mJ
) 0.00 I

Strength (ksf ) (lt1'" ) 0.00

~Peak 0.79 I 37.92 0.00 -IUltimate 0.59 I 28.15 0.00
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Horizontal Deformation (inch)
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Boring No. : A-09-059 0.06 (ksf) ., 0.06 (ksl)
........

Sample No. : 0-2
Strength Intercept (C) :

2.87 (IlPn) Peak 2.87 (lcFn)
Tn,

'.' ,c... ,'
Depth (ftlm) : 10.0 10.00 Friction Angle ( «P ) : 34.90 Degree 29.35 Degree .:

Description : Dark grayish brown, Poorly graded SAND with SILT (SP-SM) Shear Rate (inch/minute) : 0.02

MOISTURE DRY DENSITY VOID NORMAL STRESS PEAK STRESS ULTIMATE STRESS
SYMBOL

I (kN/mJ
) I I ICONTENT(%) (pet) RATIO (lest) (kPa) (ltst) (kPa) (kst) (Id'a)

e 27.50 92.51 I 14.56 0.82 1.00 I 47.88 0.79 37.92 0.59 I 28.15

• 26.97 89.61 I 14.10 0.88 2.00 I 95.76 1.40 67.22 1.24 I 59.18

A 27.35 92.99 I 14.64 0.81 4.00 I 191.52 2.87 137.32 2.29 I 109.74

I I I
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Geotechnical and Earthquake Engineering

Project No. : 06-123-3 Date: 11/30/09

DIRECT SHEAR TEST (ASTM D-3080)

Figure No.:



MEASUREMENT OF SOIL CORROSIVITY

101.22

SP

Prepared By : PA
Tested By : PA

Calculated By : JF

Checked By:

5
5.00
9300

9.0X 1.5X 1.0 6.04X 3.95X 1.74

1.0 6.72 Setup Moisture Content ('Yo)

Resistivity Meter Reading (ohm-em)

1 2 3 4
5.00 5.00 5.00 5.00

31000 18000 10000 9300

22.86X 3.81 X 2.54 15.31 X 10.04X4.41

0.0
81000

As received

: A-09-058

: 8-1

: 06-123-3

Trial

(L X WXH) I (inch)

Soil Box Constant (C)

Soil BoxDiamension(em)

Water added

Meter reading

Boring~N:-:=o,-=-.-----::-:----+--=-''------=:.-=--'-::-;----::---'--=---''-:---:---:-::~~~::_:_-------------I
Sam Ie No.

Project No.

Resistivity 81000.0 31000.0 18000.0 10000.0 9300.0 9300.0 Minimum Resistivity: I 9300.0

Blank

12/14/09
12/15/09
12/17/09

Date:

Date:

Date:

Date:

19

16.40
12.50

100.1

28.90

0:04:00

14:22:00

14:27:00

Vaccum & Filter at:

Prepared By :

Tested By:

Calculated By :

Checked By:

Prepared By :

Tested By:

Calculated By :

Checked By :

8
100.01
300.05

14:49:00

8
100.01
300.05

14:49:00

17.10 17.00 16.70 16.50
12.10 11.90 12.00 12.20

29.20 28.90 28.70 28.70

0:01:30 0:02:00 0:02:30 0:03:00

14:19:30 14:20:00 14:20:30 14:21:00

14:24:30 14:25:00 14:25:30 14:26:00

~ Beaker Number
I 100.08 < Tested Sample Volume >

Shaking at:

Reshaking at :

Wt. of Soil (gm) :

DisClllcd Wnlllr{mL):

17.60
11.60

29.20

0:01:00

Flask No. :

Weight ofSoil (gm) :

Distilled \-Vater (rol.):

Shaking at :

Reshaking at:

14:19:00

14:24:00

With BaCL

18.10
11.20

29.30

0:00:30

14:18:30

14:23:30

Blanl. ( time)

Difference ( ppm)

DistilledWater added to (ml)

With BaCL ( time)

S04 ( from graph) ( ppm)

Turbidity Blank (NTV)

Time Intervals

Turbidity with BaCL ( NTV)

Total Water Sample Prepared

Weight 100.0 gm ofsample soil & add 300 /III. ofdtstilled water.
Stopper and shake well. Allow to settle overnight. Prepare two 301------=-==:::.:..:..::.:..-=---------;-=-=-=-:--+--=-.:...::!:..=.:.:.::..::::::L::..---+--~==....:..----.:,=-::~~-1
(/III.) ofwater layer into a 150 (/III.) beaker, dilute to 100 (mi.), I-----'''-----'-'-.::..::..:~'---'----=-::-::-=-=-+-----=:.=.:=:...=.:.....::~--+----=.=:...=---.:..=--:-:-:--I

odd 5 (/III.) conditioning reagent. Turbidity Blank - Adjust thel-_~==:....:..:.::.:.:::~~-=-------;-~=--=:-=-+_-====:..::::::L::..-__+ __~=:....:...

stirrer 10 the maximum speed, add 1 spoonfull Barium Chloride &t-----------"''-------+---=.::..::..::::..:..::...=.:.....::----L---=-=:....:...
start timing. Stir for exactly 1 minute.

Remark:

Titration of (I ml.) Sample Diluted to (F ml.)

Total Sample Prepared: I 60,13

Sample Volume (ml)

pH of Liquid Sample

Sodium Hydroxide added (ml)

Acetic Acid added (ml)

Silver Nitrate added (ml)

ppm CL= 100x(ml of SiLNi.-0.2 ml blank)*FII

Moisture - Free CL = ppm CL X 100/ (100 - w )

5
Initial

30.06

7.57

<
Final

30.06

7.57

Beaker No.

Total Initial

30.07

7.57

240.00

248.03

240.00

248



MEASUREMENT OF SOIL CORROSIVITY

Blank

1300.0

Date:

Date:

Date:

Date:

101.24

17

23.70

210.00

100.06

186.30

14:43:00

0:04:00

14:48:00

Vaccum & Filter at:

1

Prepared By :

Tested By:

Calculated By :

Checked By :

Minimum Resistivity: I

Prepared By: PA
Tested By : PA

Calculated By : JF
Checked By:

Prepared By :

Tested By:

Calculated By :

Checked By:

5
5.00
1400

1400.0

38
100.02
300.08

15:11:00

31.70 28.30 26.10 24.30

220.00 214.00 212.00 212.00

188.30 185.70 185.90 187.70

0:01:30 0:02:00 0:02:30 0:03:00

14:45:30 14:46:00 14:46:30 14:47:00

14:40:30 14:41:00 14:41:30 14:42:00

~ Beaker Number
I 100.04 < Tested Sample Volume >

Shaking at:

Reshaldng at :

WI. ofSoilccm):

Shaking at:

Reshaldng at:

Dislil1~tl W oler (mL) :

35.60

222.00

186.40

FlaskNo. :

Weight of Soil (gm):

Distilled Water (ml.) :

14:40:00

0:01:00

14:45:00

With BaCL

Moisture Content ("/0)

Resistivity Meter Reading (ohm-em)

1 2 3 4
5.00 5.00 5.00 5.00
4600 2800 1700 1300

1.0 6.72 Setup Moisture Content ('Yo)

9.0X 1.5X 1.0 6.04X 3.95X 1.74 Wt. ofCont. No.

4600.0 2800.0 1700.0 1300.0

22.86 X 3.81 X 2.54 15.31 X 10.04X4.41 Wt ofDry Soil+ Cont. (gm)

I ASTM X CAL. TRAN. Wt of Wet Soil+ Cont. (gm)

0.0
21000

21000.0

As received

: S-1
: A-09-059
: 06-123-3

Resistivity

Soil Box Constant (C)

Trial

( L X W X H ) I (inch)

Soil BoxDiamension (em)

Water added

Meter reading

DistilledWater added to (ml)

Difference ( ppm)

Turbidity with BaCL (NT_V~),---__.p".:

Blank ( time) I 74:39,:UU

Turbidity Blanl, (NTV)

SO~ ( from graph) ( ppm)

Time Intervals

With BaCL ( time)

Total Water Sample Prepared

Weight 100.0 gm ofsample soil & odd 300 mi. ofdistilled water.
Stopper and shake well. Allow 10 settle overnight. Prepare twa 301-------------,-,--,-"-c---1-----"-------"-----1---------,-::-:..,..,,.-:-::-:c-1

(1/11.) ofwater layer into a 150 (ml.) beaker, dilute 10 100 (ml.),I-----'''-------''''--'-------f---------''-----1-----------1
add 5 (I/I/.) conditioning reagent. Turbidity Blank - Adjust Ihel- -'--'----'- ---:-:::-:--:-:=-=-+_-=- -"---"---=-"-'--- I-__--=- --'--
stirrer to the maximum speed, add 1 spoonfull Barium Chloride &I -=- =~ + ___=_=:.::..::.=_=_-=-"-'---____L__--=-_=_=::....:..

start timing. Stir for exactly 1 minute.

Sam Ie No.
Boring No.
Project No.

Titration of (I mI.)Sample Dilutcd to (F ml.)

Total Sam pie Prepared: I 60.07

Sample Volume (ml)

pH of Liquid Sample

Sodium Hydroxide added (ml)

Acetic Acid added (ml)

Silver Nitrate added (ml)

ppm CL= 100x(ml of SiI.Ni.-0.2 ml blanl,)*FII

Moisture- Free CL = ppm CL X 100 / (100 - w )

Remark:

16
Initial

30.03
7.24

<
Final

30.03
7.24

30.04
7.24

Final

30.04
7.24

5.40

520.00

541.56
520.00

542



APPENDIX D. SITE SPECIFIC GROUND MOTION MEMORANDUM



  
 
 

17660 Newhope Street, Suite E, Fountain Valley, California 92708             Tel: (714) 751-3826 Fax: (714) 751-3928 

Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering

  

TECHNICAL MEMORANDUM 
 
DATE: February 8, 2010 EMI PROJECT NO: 06-123-03 
 
PREPARED FOR: Haitao Liu, P. E. / Caltrans 
 Seungwoon Han, Ph. D., P. E. / Caltrans 
  
COPY TO: David Jang, Ph. D., P. E., G. E. / Caltrans 
 Lucien Hersh, P. E. / Alameda Corridor Transportation Authority 
 Foued Zayati, P. E. / Caltrans 
  
PREPARED BY: Arul Arulmoli, Te-Chih Ke and Chien-Tai Yang / Earth Mechanics, Inc. 
 
SUBJECT: ACTA Schuyler Heim Bridge Replacement Project 
 Los Angeles and Long Beach, CA 
 Site-Specific Ground Motion Study (ARS Comparison) 
 

Introduction 

This memorandum has been prepared to assist the structural designers for the Schuyler Heim 
Bridge Replacement Project, located in the cities of Los Angeles and Long Beach, California, by 
addressing the methodology used in the seismic design of the proposed structure. 

All five bridges that are a part of the Schuyler Heim Bridge Replacement Project were originally 
designed by Caltrans designers in 2008 based on the Acceleration Response Spectrum (ARS) 
selected according to the 2006 Seismic Design Criteria (SDC). In 2009, Caltrans released an 
updated version of the SDC. This memorandum first describes the development of new ARS 
curves based on the updated 2009 Caltrans SDC.  Next, the two sets of ARS curves (those 
developed based on Catrans, 2006, and Caltrans, 2009) are compared. Based on that comparison, 
it is finally determined that the bridge seismic design, which was based on the 2006 Caltrans 
ARS, is conservative and acceptable for final design.  

Project Description 

The Schuyler Heim Bridge provides vehicle access to Terminal Island and is located 
immediately south of the junction of SR-47 and SR-103 in the cities of Long Beach and Los 
Angeles, California (Figure 1). The bridge is located on SR-47 and spans the Cerritos Channel 
generally between Pier A Way on the north side and West Ocean Boulevard on the south side.

The proposed project consists of replacing the existing vertical-lift Schuyler Heim Bridge with a 
fixed structure. The new alignment shifts to the east along the existing bridge. The proposed 23 
span main bridge structure will be approximately 4,100 feet in length will have an elevated 
profile to provide a vertical clearance of about 47 feet over a mean high water level (MHWL) of 
+4.7 feet in the Cerritos Channel and maintain a navigable channel width of 180 feet. The 
proposed bridge replacement will also include replacement of on- and off-ramps at New Dock 
Street and State Route (SR) 103. 
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Seismic Evaluation Background 

The Preliminary Foundation Report (PFR) for the project was prepared in 2006 by Earth 
Mechanics, Inc. (EMI, 2006a) based on existing subsurface information available at the time. 
The PFR included an ARS design curve (Figure 2) based on Caltrans SDC (2006). The 
controlling fault was the Palos Verdes fault about 2.7 km from the site, with peak bedrock 
acceleration (PBA) of 0.6g and a MCE Magnitude of 7.25. 

It is our understanding that due to time constraints, certain aspects of the Schuyler Heim Bridge 
Replacement Project seismic design needed to proceed based on the Caltrans (2006) ARS curve 
described above.  As such, it is necessary to determine if those aspects of the design remain 
conservative under the new (Caltrans, 2009) seismic criteria. To that end, a new ground motion 
study was performed in accordance to with the 2009 Caltrans SDC (Caltrans, 2009), using 
information from an extensive subsurface exploration performed by EMI, including down-hole 
shear wave velocity measurements, as described in the sections below.  

New Input Motion for “Firm-Ground” Condition 

The 2009 Caltrans ARS on-line tool is a by-product of the 2009 update to the Caltrans SDC. 
Given the location and VS30 of a site, it can produce the horizontal probabilistic hazard spectrum 
of 975-year return period and the deterministic hazard spectra of some controlling faults at the 
site. The use of 2008 USGS Beta on-line tool is required for checking the result of 2009 Caltrans 
SDC, especially when the site has a VS30 less than 300 m/sec. 

For the Schuyler Heim Bridge, latitude and longitude are 33.76600 N and 118.23970 W, 
respectively and VS30 of 1,000 ft/sec (~300 m/sec) was used to represent “firm-ground” 
condition. Because the assumed value of VS30 is about 300 m/sec, the difference between the 
2009 Caltrans spectrum and 2008 USGS Beta spectrum is less than about 5%. Figure 3 presents 
the PSH de-aggregation plot at PGA generated by 2008 USGS Beta, which indicates that the 
modal values of the distance and moment magnitude of the controlling fault are 3.2 km and 7.19, 
respectively, i.e., a scenario of Palos Verdes fault as expected. 

The final generated spectrum with adjustment for both basin and near-fault effects is taken as the 
fault normal (FN) motion, while that with adjustment for the basin effect only is regarded to be 
the fault parallel (FP) motion. The coordinates of these two input motion spectra (acceleration 
and displacement) for “firm” ground condition are tabulated in Table 1 for 5% damping. 

During the recent field investigations conducted by EMI and its subconsultants, down-hole shear 
wave velocities were measured in several borings to depths of more than 160 ft. Based on the 
shear wave velocity profiles, the VS30 from the surface is significantly less than 1,000 ft/sec 
(~300 m/sec) and therefore, seismic site response analyses must be performed to develop design 
response spectrum corresponding to the new SDC criteria. 

“Firm-Ground” Spectrum Compatible Time Histories 

In order to perform seismic site response analysis, seven sets of “firm-ground” spectrum 
compatible time histories were developed by modifying seed motions (usually actual earthquake 
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records) so that their spectra are similar to the reference rock spectra. Various methods have been 
developed to perform the spectrum matching. A commonly used method adjusts the Fourier 
amplitude spectrum based on the ratio of the target response spectrum to the time history 
response spectrum while keeping the Fourier phase of the reference history fixed. An alternative 
approach for spectral matching adjusts the time history in the time domain by adding wavelets to 
the reference time history.  In this project, the time domain method was used.   

As part of the spectral matching procedure, a baseline correction is applied to the ground 
motions. The baseline is computed by fitting the displacement time history to a high order 
polynomial (order 4 to 7) and excluding the constant and linear terms. The second derivative of 
this displacement baseline is computed and it is subtracted from the acceleration ground motion. 
The resulting ground motion is baseline corrected in acceleration, velocity, and displacement.    

Table 2 lists the basic information of seven seed motions selected for spectrum matching. These 
seed motions were developed by EMI as a part of the Port of Long Beach Port-wide Ground 
Motion Study (EMI, 2006b). The seven sets of time histories that are spectrum matched to the 
FN and FP input motions are presented in Appendix A. 

Idealized Soil Profiles 

Three idealized soil profiles for the seismic response analyses were developed for the seismic 
site response analyses. The down-hole shear wave velocity (VS) data obtained during the field 
investigation, using PS logging, were used to generate simplified shear wave velocity profiles. 
Three profiles were used to represent the length of the bridge. The first soil profile, denoted as 
“South Side”, represents the area south of Cerritos Channel. The second soil profile, denoted as 
“North Side”, represents the area north of Cerritos Channel. The third soil profile, denoted as 
“Channel”, is representative of the profile within the channel. Figure 4 shows the three idealized 
soil profiles and Table 3 summarizes the corresponding soil parameters of these three soil 
profiles. To account for potential variations in VS, the lower bound (LB) case and the upper 
bound (UB) case were also considered. Scaling factors of 0.85 and 1.15 were used on the shear 
wave velocities as multiplication factors on the best-estimate (BE) VS for the LB and UB bound 
scenarios. 

Seismic Site Response Analysis 

Seismic site response analyses were conducted using the computer program SHAKE91, with the 
input motion given at the “firm-ground” elevations, which are assumed to be at 100, 90, and 60 
feet below the ground surface (or mudline) for the three profiles, respectively. The input motions 
adopted are the seven sets of “firm-ground’ spectrum compatible time histories, each with two 
components (FN and FP), as described earlier. Considering three VS variations (BE, LB, and 
UB), seven ground motion sets and two components, a total of 42 runs were made for each soil 
profile. The computed free-field motions at the ground surface were obtained. Figure 5 shows the 
spectral plots of free-field ground motions for “South Side”, which include the “firm-ground” 
input motion spectrum for the bridge, the free-field motions for BE, LB, and UB VS profiles, the 
mean and the mean plus one standard deviation spectra of the 42 runs. The 2006 Caltrans ARS 
deign curve is also plotted in this figure. Similarly, the spectral plots of free-field ground motions 
for “North Side” and “Channel” are presented in Figures 6 and 7, respectively. These analyses 
also show that the peak ground acceleration (PGA) is less than 0.5g. 
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Comparison of Caltrans 2006 and 2009 ARS Design Curves 

Figure 8 shows the mean and the mean plus one standard deviation spectra for the three profiles 
as well as the 2006 Caltrans ARS deign curve. A conservative 2009 ARS design curve for this 
bridge can be generated by enveloping the mean plus one standard deviation spectra of the three  
profiles in Figure 8. It can be seen from Figure 8 that the envelope of all three mean plus one 
standard deviation spectra is expected to be well below the 2006 Caltrans ARS design curve. The 
PGA from the 2009 Caltrans design curve is less than 0.5g. 

Conclusions 

Based on the above analyses, we conclude that the use of the 2006 Caltrans ARS curve in the 
design of the proposed Schuyler Heim Bridge is conservative and acceptable. For geotechnical 
evaluations, a PGA value of 0.5g is considered appropriate.  

Table 1. New Input Motion Spectra for a 5% damping 

FN FP Period 
(sec) Acceleration (g) Displacement (in) Acceleration (g) Displacement (in) 
0.000 0.5050 0.0000 0.5050 0.0000 
0.100 0.9028 0.0884 0.9028 0.0884 
0.200 1.1278 0.4415 1.1278 0.4415 
0.300 1.1027 0.9714 1.1027 0.9714 
0.500 0.9393 2.2984 0.9393 2.2984 
1.000 0.7333 7.1770 0.6111 5.9808 
2.000 0.3980 15.5830 0.3317 12.9858 
3.000 0.2558 22.5314 0.2132 18.7761 
4.000 0.1825 28.5751 0.1521 23.8126 
5.000 0.1479 36.1932 0.1233 30.1610 

 
Table 2. Ground Motion Sets Selected for Spectral Matching 

Set Earthquake Station Magnitude Distance (km) 

1  1999 Hector mine  Hector  7.1  12  

2  1989 Loma Prieta  Gilroy 03  6.9  13  

3  1979 Imperial Valley  Brawley  6.5  10  

4  1999 Duzce  Lamont 1059  7.1  4  

5  1992 Erzikan  Erzikan  6.7  4  

6  1940 Imperial Valley  El Centro  7.0  6  

7  1995 Kobe  Kobe University  6.9  1  
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Table 3. Idealized Soil Profiles and Properties for Seismic Response Analyses 
 
a) “South Side” (Boring R09-014 and PS logging) 

Depth 
Range (ft) 

Soil Type Unit Weight, γ  (pcf) 
Best-estimated Shear Wave 

Velocity, VS (ft/sec) 
0-20 ML 110 400 

20-40 SM 120 500 

40-70 CL 120 500~700 

70-80 ML 120 800 

80-100 SP/SM 130 800~1000 

b) “North Side” (Boring R09-025 and PS logging) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-45 SM 120 400~600 

45-85 CL/ML 120 600~800 

85-90 SP 130 900~1000 

c) “Channel”  (Boring WR09-043 and nearby PS loggings) 
Depth 

Range (ft) 
Soil Type Unit Weight, γ  (pcf) 

Best-estimated Shear Wave 
Velocity, VS (ft/sec) 

0-35 CL/ML 115 400~900 

35-50 SP/SM 130 900~1000 

Note: Ground surface elevation was assumed to be +5 feet for both “South Side” and “North Side”, and mudline 
elevation for “Channel” was assumed to be -45 feet.  
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APPENDIX A: Seven Sets of “Firm-Ground” Spectrum Compatible Time Histories 
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Figure A1. Schuyler Heim Bridge Reference Time History; Set 1 - FN 
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Figure A2. Schuyler Heim Bridge Reference Time History; Set 2 - FN 
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Figure A3. Schuyler Heim Bridge Reference Time History; Set 3 - FN 
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Figure A4. Schuyler Heim Bridge Reference Time History; Set 4 - FN 
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Figure A5. Schuyler Heim Bridge Reference Time History; Set 5 - FN 
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Figure A6. Schuyler Heim Bridge Reference Time History; Set 6 - FN 
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Figure A7. Schuyler Heim Bridge Reference Time History; Set 7 - FN 
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Figure A8. Schuyler Heim Bridge Reference Time History; Set 1 - FP 
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Figure A9. Schuyler Heim Bridge Reference Time History; Set 2 - FP 
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0 5 10 15 20 25 30 35 40 45 50

-20

0

20

V
E

L.
 (

IN
/S

) Max= 34.7 in/s

Min= -12.4 in/s

0 5 10 15 20 25 30 35 40 45 50
-1

-0.5

0

0.5

1

A
C

C
. (

g)

TIME (SECOND)

Max= 0.51 g

Min= -0.35 g

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.2

0.4

0.6

0.8

1

PERIOD (SECOND)

S
P

E
C

T
R

A
L 

A
C

C
E

LE
R

A
T

IO
N

 (
g)

Pseduo Acc. Relative Dis.

5% damping

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

0

5

10

15

20

25

30

35

40

R
E

LA
T

IV
E

 D
IS

P
LA

C
E

M
E

N
T

 (
IN

)

 
Figure A10. Schuyler Heim Bridge Reference Time History; Set 3 - FP 
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Figure A11. Schuyler Heim Bridge Reference Time History; Set 4 - FP 



 Earth Mechanics, Inc. 
Geotechnical & Earthquake Engineering 

0 5 10 15 20 25 30 35 40 45 50
-20

-10

0

10

20
D

IS
. (

IN
) Max= 10.2 in

Min= -14 in

Schuyler Heim Bridge Firm-ground Reference Time History; Set 5 - FP
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Figure A12. Schuyler Heim Bridge Reference Time History; Set 5 - FP 
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Schuyler Heim Bridge Firm-ground Reference Time History; Set 6 - FP
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Figure A13. Schuyler Heim Bridge Reference Time History; Set 6 - FP 
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Figure A14. Schuyler Heim Bridge Reference Time History; Set 7 - FP 



APPENDIX E. REVIEW COMMENTS AND RESPONSES



Re: MSE Wall BOA Section

Subject: Re: MSE Wall BDA Section
From: Seungwoon Han <seungwoon_han@dot.ca.gov>
Date: Men, 12 Apr 2010 12:09:05 -0400
To: Arul Arulmoli <arulmoli@emihmech.com>
CC: Eric Brown <e.brownejtearthmech.com>, "Haitao_Liu@dot.ca.gov" <Haitao_Liu@dot.ca.gov>,
Pat Wilson <P.Wi1son@emihmech.com>, Ranjan Gunaranjan <ranjml@emihmech.com>, Deh-Jeng
.Tang <deh-jengjangrgjdot.ca.gov>

Arul,

As we discussed over the phone, I summarized our comments below. Please note that all comments
below, and our previous comments on the bridges are applicable to all the wall reports. Also, I removed
some of comments that we resolved during discussion. If you have any questions, Please contact us.

Comments on retaining wall reports

1. Please revisit idealized soil profile and parameters, and revise them if necessary. Especially when
global slope and external stability is considered, a failure tend to develop through a weak layer, which
should be considered in the design. Therefore, layers with averaged parameters may not represent the
weak layers. Also confirm undrained residual strength of liquefiable layers.

2. Please provide stability analysis for each phase construction if strength increase is considered with
phase construction.

3. Please check allowable static long-term and short-term settlement, and seismic induced settlement
with the Structure. Especially, caltrans standard cantilever walls may not carry the settlement estimated
in the report. Also, when calculating bearing capacity of the standard wall, settlement should be
considered since settlement will control the footing design for most sandy soils.

4. Backfill material and soil corrosivity requirement should conform to our standard special provision
(SSP) for MSE wall. The requirement in SSP is more stringent than that in BOS.

5. Please provide a table showing bearing capacity FOS and minimum strap length to meet external
stability, global stability and settlement.

6. Structural backfill is assumed to have a friction angie of 34 degree with zero cohesion, and
compacted to a minimum 95 percent.

7. For Wall A1, please check inputs regarding a spreadsheet, "Stress at Various Points Below an Earth
Embankment." The Inputs for embankment geometry is not consistent with real embankment geometry.

8. Please verify bearing pressure of MSE wall. Caltran will also check BOA provided by EMI.

9.For Wall H1, end bearing of CIOH pile for retaining wall should be limited to consider potential defect
at the pile bottom during construction. Also, CIOH pile construction should comply to Caltrans SSP.

I 01'2 5/10/20103:55 PM



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-Co-Rte-PM: 07-LA-47-PM (Varies) ReviewingAgency; Caltrans District7

EANo.: 238501 FunctionalUnit: Geotechnical Design South - 2

Milestone: 65% PS&E Review Date: April 12, 2010

Consultant: EarthMechanics, Inc.

CURRENT
DWG NO.1SPEC STATUS
NO.1SECTION ACTION (OPEN!

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

I. Wall At The residual shear strength fortheliquefiable
material between EI. -5It and -22It was revised tobe
700 psfconsistent with thelowest N1 (60-C8) blowcount
inthatlayer, 13bpfforR-09-038/ D-4. Revised global
stability analysis indicates a pseudo-static factor of
safety greater than 1.1, meeting Caltrans requirements.
Revised global stability calculations areattached.

II.Wall C1. The residual shear strength forthe
liquefiable material between EI. -11 It and -25It was
discretized into two layers (1)thematerial between EI. -
11 It to-20It revised tobe1200 pstconsistent with the
lowest N1 (60-C8) blowcount inthatlayer of24bpfforR-
09-009/8-4 and (2) material between EI. -20It to-25It
revised tobe600 psfconsistent with theiowest N1 (6G-

PatrickWilson C8)blowcount in thatlayer of10bpfforsample R-09-
(PW), 011/8-5. Revised global stability calculations are

Eric Brown (EB).
A attached.

K. Arul Arulmoli
(KA), Kandiah

Pratheepan (KP) III.Walls E1/E2. The critical layer in theglobal stability
analysis isthematerial between EI. -5It and -17It and
ismodeled as600 psf, which issupported bytriaxial
testresults performed onthree different samples; R-09-
033/U-4, R-09-034/U-3 and R-09-035/U-3.

IV.Walls G1/G2. The idealized soilprofile beneath walls
G1/G2 has been revised. The critical revision was the
reduction oftheundrained shear strength inthelayer
from -6to-23It to650 psf, which was verified asthe
most conservative strength in thatlayer, according to

Please revisit idealized soil profile and parameters, and revise them if thelabtest data.
necessary. Especially when global slope and extemal stability is
considered, a failure tend todevelop through aweak layer, which should be V.Wall H1. The undrained shear strength ofmaterial
considered inthedesign. Therefore. layers with averaged parameters may between EI. -5It and -30It was reduced from 750psfto
notrepresent theweak layers. Also confirm undrained residual strength of 700 psf, which issupported bytriaxial testresults

1 liouefiable lavers. iperformed onsamples R-09-036/U-5 and R-09-037/U-6.

RESPONSES FORACTiON REaD
A:AGREE FULLY WILLCOMPLY
B:AGREE PARTLY SEENOTED EXCEPTiONS
c.DISAGREE. REASONS ARE NOTED
0: COMMENT HAS BEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTIOtJ ONlY_ ANSWER THEOlJESTION Page 1of3 Tab: Walls 65% PS&E



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (BridgleNo. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-Co-Rle-PM: 07-LA-47-PM (Varies) ReviewingAgency: Caltrans District 7

EA No.: 238501 Functional Unit: Geotechnical Design South - 2

Milestone: 65% PS&E Review Date: April 12, 2010
Consultant: EarthMechanics, Inc.

CURRENT
DWG NO.1 SPEC STATUS
NO.1 SECTION ACTION (OPEN I

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

Will comply. Strength increase due toconsolidation of
fine grained layers was considered in theglobal stability
analysis ofMSE walls E1-E2 and MSE wall G1. Global

PW/EBI KA A stability analysis forthetemporary condition during
construction forthese walls indicate a factor of safety
greater than 1.25 forallwalls. Global stability

Please provide stability analysis foreach phase construction if strength calculations forthetemporary condition forthese walls
2 increase isconsidered with phase construction. areattached.

Will comply, Based upon ourconversations with wall
contractors, theallowable differential settlement foran
MSE Wall is1%along thewall length. Static and
seismic settlement calculations indicate theanticipated
differential settlements arewithin thetolerable limits for
MSEwalis.

Forretaining wall G2(standard cantilever wall) the
settlement analysis has been revised toaccount forthe
proposed staged construction and indicates the
anticipated static settlement beneath theproposed wall
after footing construction is less than 4 inches with a
maximum differential settlement of2 inches along the

PW I EBI KAI KP A wall length; which isconsidered within thetolerable
limits ofaCaltrans Standard Type 1wall. The
recommendations inthereport have been revised to
require thatwall G2should notbeconstucted until the
settlment period fortheembankment iscomplete (a
temporary shoring wall willberequired toretain the
embankment during thesettlement period). The revised
settlement calculations are attached.

Please check allowable static long-term and short-term settlement, and
seismic induced settlement with theStructure. Especially, caltrans standard The bearing capacity calculations forretaining wall G2
cantilever walls may notcarry thesettlement estimated inthereport. Also, have been revised according tothemethodology
when calculating bearing capacity ofthestandard wall, settlement should proposed byMeyerhoff (1956) considering thatthe
beconsidered since settlement willcontrol thefooting design formost footing willbeembedded ingranular fillmaterial

3 sandv soils. compacted to90% relative density. The revised bearing

Backfill material and soilcorrosivity requirement should conform toour PW I EBI KAI KP A
standard special provision (SSP) forMSE wall. The requirement inSSP is Will comply. The corrosion requirements forMSE

4 more stringent than thatinBOS. backfill willberevised and are attached.
Will comply, Atable will beadded tothe"Bearing

PW I EBI KAI KP A Capacity" section thatwilllisttheFOS forbearing
Please provide a table showing bearing capacity FOS and minimum strap capacity and global stability fora range ofstrap lengths.

5 length tomeet external stability, global stability and settlement. A sample table forMSE Walls E1-E2 isattached.

RESPONSES FORACTlOf'I REaD
A:AGREE FUllY WILL COMPLY
B:AGREE PARTLY SEt.NOTED EXCEPTIONS
c.DISAGREE, REASONS ARE NOTED
0: COMMENT HASBEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTION ONLY. ANSWER THEQUESTION Page 20f3 Tab: Walls 65% PS&E



MSE Wall A1 (Bridge No. 53-E0147), MSE Wall C1 (Bridge No. 53-E0148), MSE Wall E1 (Bridge No. 53-E0149), MSE Wall E2 (Bridge No. 53-E0150), MSE
Wall G1 (Bridge No. 53-E0151), Retaining Wall G2 (Bridge No. 53-EXXXX) and Retaining Wall H1 (Bridge No. 53-XXXX)

SUBMITTAL REVIEW COMMENTS FORM

District-CoMRle-PM: 07-LA-47-PM (Varies) Reviewing Agency: CaltransDistrict 7

EANo.: 238501 Functional Unit: Geotechnical Design South - 2

Milestone: 65% PS&E ReviewDate: April 12, 2010

Consultant: EarthMechanics,Inc.

CURRENT
DWG NO.1SPEC STATUS
NO.1 SECTION ACTION (OPEN I

NO. NO., ETC. Reviewed By: COMMENTS RESPONSE BY: REQ'D RESPONSE DATE CLOSED)

Will comply. Idealized soil profiles and global stability
Structural backfill isassumed tohave a friction angle of34degree with zero PW I EBI KAI KP A analyses have been revised toreflect a 34degree/zero

6 cohesion, and compacted toa minimum 95percent. cohesion materiat forstructural backfill.
Will compiy. The stress calculations aspartofthe

ForWall A1,please check inputs regarding aspreadsheet, "Stress at
PW I EBI KAI KP A

settlement analysis beneath MSE Wall A1which now
Various Points Below anEarth Embankment." The Inputs forembankment reflect thecurrent geometry oftheproposed

7 geometry isnotconsistent with real embankment geometry. embankment areattached.
Will comply. Based upon ourconversations with the
designers, thedemand bearing pressures listed inthe

PW I EBI KAI KP A Caltrans BOA (2002) aresuitable foruse indetenmining
Please verify bearing pressure ofMSE wall. Caltran willalso check BOA demand bearing pressures forwalls with a level backfill

8 provided byEMI. and equivalent vehicle surcharge.
Will comply. Axial capacity calculations have been
revised to limit theend bearing tonomore than 20% of
thenominal resistance. Revised axial pile capacity

PW I EBI KA A
calculations areattached.

ForWall H1, end bearing ofCIOH pile forretaining wall should belimited to Also, therecommendations provided inSection 6.2
consider potential defect atthepilebottom during construction. Also, CIOH "CIOH Pile Construction" have been confinmed tobeIn

9 Ipile construction should compiy toCaltrans SSP. compliance with Callrans SSP's.
FromReviewof BridgeFoundation Reports- LogofTest Borings.

Will comply. LOTB's have been revised toonly showExceptfor the standardsplitsampler,blowcounts recordedby driving PW I EBI KAI KP A
10 any other sampler should not be shown in the LOTBs. SPT blowcounts.

From Review of Bridge Foundation Reports - Consolidation Coefficient (CV)
is a function of the effective overburden and pre-consolidation stress for a Will comply. Settlement rate calculations have been
given soil. Please present the correlation curve between consolidation PW I EBI KAI KP A revised touse thelowest consolidation coefficientcoefflclent and applied vertical pressure, and select the lowest coefficient, or
the coefficient value under the actual effective overburden by the end of detenmlned from labtesting. Revised settlement

11 construction for the settlement evaluation. calculations areattached.

PW I EBI KAI KP A
A section will be included to each report that addresses

12 Settlement of adjacent utilities. the settlment benath adjacent utilities.

RESPONSES FORACTiON REaD
A:AGREE FULLY WILL COMPlY
0: AGREE PARTLY SEE NOTED EXCEPTIONS
C:DISAGREE. REASONS ARE NOTED
D:COMMENT HAS BEEN SUPERCEDED BYDESIGN DEVELOPMENT
E:QUESTION ONLY. ANSWER THEQUESTION Page 3of3 Tab: Walls 65% PS&E
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Ms. IElaine Silve~~tro 
Alameda Corridor Engineering 'Team 
One Civic Plaza, Suite 350 
Carson, CA 90745 

tieather Bellfield, P.E. 
i3.- , ::cr "?riag:t 

July 15,2010 

Subject: Final Baselint: Hydroacoustic Survey PIan for Commodore Schuyler F. Heimi 
Bridge, Demolition and Replacement Project, Long Beach, California 

Dear Elaine: 

Enclosed are three (3) copies of the above reference plan. The final workplan is the same as the revised. 
final workplan (with a few mi:lor typo corrections) which incorporated comments from ACT4. Upon 
review of the plan by the National Marine and Frsheries Service (NIVIFS I, Tetra Tech will prepare 
responses to comments, if necessary. 

If you have any c1ut:stions or nel~d additional information, do not hesitate lto co~itact me at (626) L.70-2415, 

Sincerely, 

A&AJ 
Heather Benfielc 
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Prepared For: 
Alanieda Corridor 'Transportation Authority 
One Civic Plaza, Suite 350 
Carson, Californ1.a '90745 

Erik Kalapinski 
Principal Scientist 

Pre~lareld By: 
?'elm Tech, Inc. 
3475 East Footliil.1 Blvd. 
Pasadena, California 9 1 1.07 

i~eather  enf field, d . ~ .  
Proj ~ c t  Manager 

Principal Scientilst 
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1.0 INTRODUCTION 

Tetra Tech, Inc. (Tetra Tech) has been retained by the Alameda Corridor Transportation Authority 
(ACTA) to conduct baseline hydroacoustic monitoring in support of the environmental studies required 
during replacement of the Commodore Schuyler F. Heim Bridge, located in the city of Long Beach, 
California, hereafter referred to as the "Bridge" or the "Site". Figure 1 presents the location of the Bridge 
and surrounding area. This workplan has been prepared to describe the work procedures that will be 
adhered to while conducting the survey. Determining local baseline or ambient noise levels are necessary 
for quantifying potential harassment take of marine mammals, and for developing mitigation measures, 
such as safety zones, for avoiding or minimizing take. 

2.0 PROJECT BACKGROUND 

The Schuyler Heim Bridge was built between 1946 and 1948 and connects Terminal Island to the 
mainland. The California Department of Transportation (Caltrans) has been the operator of the Bridge 
since 1974. The bridge requires replacement because it does not meet current seismic safety standards. 
The project consists of replacing the existing bridge with a fixed-span bridge along and east of the 
existing bridge alignment. The Project will also reconstruct the northerly and southerly approaches to the 
bridge and maintain connectivity to State Route (SR) 103 and Ocean Boulevard. The width of the 
navigable channel (distance between bridge support columns and fenders) will be 180 feet, the same ias 
the existing width. Construction is expected to take approximately two to three years and is scheduled to 
begin in 20 1 1 with pile driving to be conducted in Fall of 20 1 1 .  

Both impact and vibratory pile driving will be required for the installation of piles necessary fix 
construction of the temporary trestles for access, the falsework for placing the forms to pour concrete, and 
the coffer dams used to isolate each of the four existing piers for removal. Because pile driving generates 
underwater noise at levels potentially harmful or disturbing to marine mammals, a number of measures 
have been identified (Section B-2 Protecting Aquatic Communities in the Project Record of Decision 
[ROD]) that would avoid, minimize, or mitigate these effects to marine mammals. These measures 
include using bubble curtains and caps to attenuate noise generated by pile driving, and establishing 
safety zones whereby noise-generating activity is shutdown at the approach of a marine mammal to these 
safety zones. Subsequently, in order to determine effective safety zones, both the existing ambient noise 
levels in the absence of pile driving and the maximum noise levels generated by the two pile driving 
methods (impact and vibratory) during construction shall be identified. 

To meet the objectives of the measures identified in the ROD, there are three work elements to be 
completed: 1) development and implementation of a baseline hydroacoustic survey plan, 2) development 
and implementation of a pile driving (consbuction) hydroacoustic monitoring work plan, and 3) 
development and implementation of a detailed marine mammal monitoring and mitigation plan. This 
document addresses only the baseline hydroacoustic survey workplan; the pile driving (construction) 
hydroacoustic monitoring workplan and the marine mammal monitoring and mitigation plan will be 
prepared by Caltrans upon completion of the baseline hydroacoustic monitoring. However, a conceptual 
marine mammal monitoring and mitigation plan has been prepared and provided in Appendix A. 

The objective of the baseline hydroacoustic survey plan is to describe the methodology to be used to 
document the existing underwater acoustic environment of the Cerritos Channel, in proximity to the 
Bridge. The results of the survey will be used to identify an appropriate marine mammal harassment 
safety zone during vibratory pile driving activities. 
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3.0 HYDRO ACOUSTIC PLAN OBJECTIVE 

Althoilgh marine rnammal use in the vicinity of the Bridge is very low, limited 10 primarily the occasional 
California sea lion (Zalophus californianus) or Pacific harbor seal (Phocla vitzrlin~l richardn'i), lboth non- 
Endangered Species Act-listed ~narine mammals, exposing marine mamimals to continuous underwater 
construction noises exceeding 120 dB or impulse noises exceeding 160 dB imeprt:sents a Level 13 take 
(harassment) violation of the Marine Mammal Protedion Act ( M A ) .  Ac:corJing to the NMFS, sounds 
introduced into the sea by man-made devices could habe deleterious effect on marine marnma.1~ by 
callsing stress or injury, interkring with comnl~nic~atiorl and predator/prey detection, and changing 
behavior. NMF!; iis curre~ltly determining safety criteridguidelines for marine species e?q)osc=d to 
underwater sound, and has determined that 180 dB re 1 pPaws (190 dB for pimlipeds) is the impulse 
sound presser level that can be received by marine nlamrnals without injiuy. In otherwords, exposing 
cetaceans to noise levels exceedling 180 dB and pinnipeds exceeding 190 dB represents a more serious 
Level A injury 01- lethal take. The Project c;ommitment is to avoid aqy l e v ~ l  of take by establishing 
effective safety zlones whereby noise-generating activity (pile driving) is shutdolwn in the evenit of a 
marine mammal approaching a safety zone. 

Noise generated fi-om pile driving activities is often loud enough to harm (1,evc:l A take) olr harass (Level 
B take) local populi3tions of marine mammals. As noise attenuates as a function of the distcz~lce from 
source, at some point the noise declines to levels no longer of concern to rnarine mammals. For vibratory 
pile driving, a coiltinuous noise source, the threshold for Level B take is the 120 dB isopleth. 'To avoid 
Level B take, the water surface area extending to the 120 dB isopleth will be monitored (ly tirained 
marine mammal biologists), and pile driving activity will be shutdown at the observed approach of a 
miuine mammal. However, if thke estimated distance (based on previous studie:;) to the 120 dB isopleth is 
relatively great (a large zone olf in-fluence, ZOI), the11 man:y marine mamrnal o Jservers may be needed to 
effectively monitor the harass~nent safety zone. Reducing the size of the ZOI (and therefore the: ni-~mber 
of observers) can ble accomplished by 1) attenuating the noise levels using txhniques such as: caps or 
bubble curtains (which is not c;snducted for vibrato~y pile driving), 2) determini~ig; the actual distance to 
the 1:20 dB isop1c:th from field measurements (which cannot be conductc:d pr or to constnictiarl) and 3) 
determining whether the ambient noise levels already exceed 120 dB (which can be conducted prior to 
construction). 

In marine environments where the background or ambient iioise levels are already higher than 1'20 d B, the 
threshold of conclerl becomes the ambient level, and only areas ensonified by noise louder than ambient 
need to be monitclred. Therefor(:, assessing local ambient or background noise levels in the vicinity of the 
pile driving const,ruc;tion activities is important to determine the actual areas thld need to be monitored for 
marine mammals, especially in 'high energy intdustri(a1 environments where ambient noise levels arc: high. 
Thus,, the purpose of this workplan is to identify protocols to collect and report baseline (ambient) 
unde~water noise levels at tl~e Schuyler Heim Bridge project site. The rc:sults of'the survey will ble used 
during deve1opmc:nl: of the marine mammal monitoring and mitigation plan to identiify the init:lal safety 
zone that will be ~nonitored during all pile driving activities. 

Tetra Tech will design and execute an underwater sound monitoring survey to collect, analyze, iald record 
urldemater acous,tic: data to characterize preconstru.ction background soilrld 11:vels and residud ambient 
sauntl levels in areas of proposed activities that have the potential to injure 01. disturb marine nlamnmals. 
In order to quantify the underwater sound, three main measurement instru nentation compo~lents are 
required: (1) hydl-ophones and signal conditiolning, (2) data acquisition and pr~ces,sing, digital recording, 
artd a. real-time display system, and (3) geographic positioning system. 
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Tetra Tech will measure and record underwater sound levels by collecting short-term data at set distances 
and hydrophone water depths. Figure 2 presents the area for the proposed sampling program. The 
Cerritos Channel and the adjacent basins (East Basin to the west and Turning Basin to the east) are well 
traveled by commercial vessels and recreational boats, and are expected to be relatively homogenous 
acoustically, with similar underwater background sound levels and exposure to noise sources. To 
maximize the number of spot measurement locations and reduce the effects of hydrostatic pressures and 

.. . . - - resulting extraneous noise from a stationary fixed system due to 
current flow, the hydrophones will be deployed over the side of a 
workboat such that the hydrophones drift away from the vessel as it 
moves freely along a transect. The hydrophones will be suspended in 
the water column and secured to an anti-heave buoy, which will 
position the sensors at a constant distance below the surface of the 
water. In addition, the line will be weighted at the lower end to 

HP4"""m maintain a vertical profile. At a minimum, two hydrophones will be 
deployed per measurement period. One hydrophone will be situated 
at the approximated 113 of the average depth of the water column at 
the test locations and the second will be placed at 213 of the average 
depth to sample the variation in the sound field with depth. To assess 
spatial variations, measurement locations will be completed along 
radial transects from a vessel, which traverses the channel at set linear 
distances from the Bridge. Measurement extents are shown in Figure 
2 and consistent with where construction monitoring is anticipated 
will take place and at depths that are assumed to cover the behavior of 
the species considered. Typically, the work-boat starts at a minimuim 
of 100 feet away from the future area of future pile driving and then a 
series of measurements completed using a sprint/stop/measure 

Reference: Draft ANSI Standard procedure. Typical measured sequences will last for a period of 5 to 
S12.64- 200X 
Revision 12, May 21,2009 

10 minutes, depending on current strength. The vessel then moves ito 
a new position along the transect. Using this methodology, it is 

anticipated that multiple measurements can be completed in 200 to 300 foot intervals at distances of up .to 
one mile in the principal channel east-west directions. 

Immediately prior to the fieldwork program, a sound velocity profile will be collected using a current- 
temperature-depth (CTD) sounder. In the shallow coastal waters and coastal inlets, the water column is 
typically well-mixed and isothermal, but seasonal variations may occur. It will be required that the 
vessel's engines, depth sounder, generator, and other equipment that may contaminate the sound signal 
will be shut down prior to hydrophone deployment. The position of the vessel will be monitored by GPS 
over the entire duration of the measurement period. 

Tetra Tech will utilize three (3) Bruel & Kjaer model BK8104 or Reson model TC4040 broadband 
hydrophones. Factory calibration certificates and sensitivity specifications will be submitted with the 
baseline sampling report. The TC4040 and BK8104 hydrophones are more sensitive than most other 
hydrophones, even at the extremes of its frequency range. With a dynamic range in excess of 90 decibels 
(dB), these hydrophones are of the few that are suitable for the measurement of noise with a highly sloped 
spectrum, such as shallow water background noise. The hydrophones will be equipped with extended 
length integrated water blocked cables suitable for use in the general area of the Bridge. These units will 
have waterproof connectors for signal input following conditioning directly to multichannel real time 
frequency analyzers capable of 113 octave and Fast Fourier Transform spectra analysis with data 
measured in the frequency range of 20 to 20 kilohertz (kHz). The underwater sound levels will also be 
recorded with calibration tones recorded immediately prior to each measurement period, for reference 
purposes. The sampling rate will be set to a minimum of 12,000 (12k) samples per second (sps). A 
general rule of thumb is that the playback of a digital sound recording will provide accurate reproduction 
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of frequency content up to 0.48 times the recording sample rate. Thus, a 12k sa~nple rate would provide a 
recording having good fidelity over the entire range of pile driving sound, wi.h principal sound energy 
gerlera~lly found below 2,000 hertz (Hz). 

The target mobilization date for the Bridge reconstruction has not been fina1i:zed. Baseline rn~cnitoring 
will be completed during the same season that pile {driving is anticipated. Following completion of the 
sound survey, sound measurement data and recordings will be immediately downloaded in the: field for 
sul~sequent analysils ;at the Tetril 'Tech acoustics lab. Sound levels will be c:crrelated to field log~~c~oks and 
all data analysis iilcluding engineering calculatiions will be conducted for ir~c,Iusjon in the report. 

Tetra Tech will report the background noise levels in tenlis of root-mean-squxe decibels ((dBMds) for a 
daytime 10-hour period, which is sufficient based on our experience to capture the: temporal variation in 
sound levels that occur at the Site. The spectral cornposition and overall brcadbiand sound lcnrels vary 
relatively slowly, so that a high level of temporal resolutiolr~ is not necessay. The PMS sound values will 
be calculated using 30-secortd averages for each period of' data collected. 'The 30-second RMS averages 
will then be calculated as energy averages and reported for cumulative hourlj and ten-minute intervals. 
Measurements identified as absent of obvious human influence, i.e. ship trlovc merlts within vi!nral sight, 
will ble reported as ambient sound levels as a separate subset of the entire me.3surement progra~n, to the 
extent that these conditions occur. The fbll range: of measurement data will be compared to PtlMFS 
thresholds and plottled as a cumulative distribution function. Measured backg,round frequencie:; in one- 
third octave band levels will also be presented. The one-third octave band data may be useful iln the 
analysis of potential impacts pertaining to species of concern to establish :q)ecil:s-specific ;acoustic impact 
thresholds. Relevant phases fior a detailed acoustic analysis are defined ;as times of typical and extreme 
acoustic noise errlission. For each relevant time period, third octave spectra of the single event sound 
pressure level shall be evaluated for frequencies ranging from 10 Hz to 2,0 kHz which spans the entire 
frequency range over which pilc: driving sounds are of interest, with principal sollrld energy fourid below 
2000 Hz. 

4.0 HEALTH AND SAFETY PROCIEDUEWS 

A separate site specific health (and safety plan has been prepared and is prolrided as Appendix B. All 
work will be cortducted according to provisions of this plan. A daily tailgc3te safety meeting virill be 
conducted at the 1)ej;inning of each work day. Dilrir~g this meeting, the field lead will discuss the tasks to 
bc: conducted, the: equipment tcl be used, any special procedures to be fi~llowed, protective de7ricc:s that 
will be used, and the potential physical, chei~ical, and bio'logical hazards that may be encounte~~ed. This 
meeting will be documented on a standard Tetra Telcl-1 tailgate safety mee:ting fortrl that will be signed by 
all attendees. All Tetra Tech personnel will have current first aid and cartfiopulmonary resilscitation 
(CPR) training. Personnel will be trained to use all equipment and any protective devices. 

The report will provide full documentation of metl~ods and monitoring protocols for tlhe ul~de:rwater 
baseline measurements. Items to be documented within the technical report include: 

* Time ancl date stamped time histories for all relevant datasets; 
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Names of personnel conducting testing; 
Name, manufacturer and model number of equipment including hydrophone type, directionality, 
and nominal sensitivity; 
Map of monitoring locations based upon GPS data 
National Institute of Standards and Technology (NIST) equipment calibration certifications and 
field calibration methods and results; 
Any unusual conditions that could have affected measured noise levels, including a description of 
any excessive extraneous noises; 
1/3 frequency spectra of all relevant time periods including mean, Lgo residual background, and 
maxima values and a table of significant highest tones; 
Position of hydrophones in the water column during tests; 
Weather, wave height, and sea state conditions; 
A calculation of overall uncertainties evaluated from a combination of measurement components 
that describe random. errors estimated from the measurement repeatability and errors caused by 
effects that may introduce a systematic bias. 

The results of the baseline data analysis will include interpretation of results and conclusions including 
any implications related to methodology for the subsequent marine mmmal monitoring and mitigation 
plan (MMMP) and the pile driving (construction) hydroacoustic workplan. 

6.0 REFERENCES 

Caltrans, Essential Fish Habitat Assessment, Commodore Schuyler Heim Bridge (BR. NO. 53-2618) in 
the Ports of Long Beach and Los Angeles, Los Angeles County, California, January 2010. 

MEC Analytical Systems, Inc., Ports of Long Beach and Los Angeles Year 2000 Biological Baseline 
Study of San Pedro Bay, June 2002. 

Correspondence from National Marine Fisheries Service, Southwest Region, Long Beach CAY Mr. Robert 
S. Hoffman, to Caltrans, District 7, Division of Environmental Planning Los Angeles, CA, Mr. Karl Price, 
February 12,2010. 
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Marine mammals are proteciedl under the Marine Mammal Protection Ad:, wh ch is admjinistere~l 1b1y the 
National Oceanic ;md Atmospheric Administration's :IJational Marine Fisheries Service,, MLvWS. 
Construction-related impacts sulzh as high u~iderwater noise levels and turb tdity could affect marine 
mamnlals in the viciiiity of the action area. However, ~narnmalian species occui=reinc;e withiin Lo:: Angeles 
harbor is limited 1:o California sea lions (Zalophus c:crlifornianzrls) and occasionally Pacific harbor seals 
(Phoca vitulina rii:hardii). l'hese are non-End angered Species Act-listed mari~ le mammal species which 
inhabit the harbor in low numbers (and probably very low numbers in the industrialized Ceirritos 
Channel), but could be present during constru~ztion. Other mammal species found within the re,sion but 
have been determined in the Project Final Environmental Impact Statement/En\ ironmental Impact Report 
(FEIS/FEIR) to be absent within the action area, include the North~ern elebhant seal (h'ircrzmga 
angustirostris), cornmon bottlenose dolphin (X~rsiops truncatus), Pacific white-sided dolphin 
(Ltzgenorhynchus oblliquidens),, and gray whale (Eschrichlius robustus). The~efore, potential eFfec;ts to 
marine mammals from the Psojec:t are limited tlo sea lions and harbor seals. 

Observations during pile-driving for the San Francisco-Oakland Bay Bridge 3ast Span !Seismic Safety 
Projec:t showed se:a lioils rapidly swam out of the area wlhen piles were being dlr:iven. Thus, sea lions 
would be expectecl to avoid areas; and activities associated with the Project that could affect them. Harbor 
seals ;are unlikely to be present as few individuals halve been observed in !:he PI-oject area. Any sea lions 
or harbor seals present during construction activities woulcl likely avoid the area. (2onstruction a.ctivities 
would also not adversely interfere with foragiing activities because impacts would be limited to portions 
of Cerritos Chaniiel and large foraging areas within thl: Harbor would remain1 available to marine 
mammals. Therefore, any adverse effects to marine mammals from elevated u1.1denvatcer noize Ilevels 
would be short term and very minimal. In addition, therc are no pi~miped h,iul~ut sites in the Project 
vic:inity, so in-air noise impacts are not expected. 

To reduce the effects of elevated underwater sound levels; on marine ~narr~mals species during 
construction activities, the following measure,s, as identified in the Project Rt:cord of Decision (ROD), 
August 2009, would be imp1f:mieinted: 

> Attenua.tion of pile driving sound via contained air bubble curtain on larger pile instsllaiions 
and dewatering casings for smaller piles. Performance criteria for soqnd attenuation will be 
developed/ to achieve: rnaximum prac:ticable reductions in underwater soiund levels. 

> A hydroac;oustic nloinitoring plan will be developed, which woulld include: appropriate saimipling 
point locations, fieque:ncy, and methods to be implemented during p .le #riving. The r1:sults of 
the hydroacoustic monitoring would be analyzed in real time to ille~idify appropriaie safety 
isop1eth.s and monitoring zones for bliologi~cal (sensitive) resources. 

> Evaluate potential to inodify pile driving operational procedures to reduce noise effects, such 
as ramping up of pile driving energy levels to allow mobile orlgardsms to exit the area; 
evaluating potential use of vibratory versus impact hammers under certain conditions; using 
less force of the hydraulic impact hammer; and 1 imiting pile driving to no more than 2 piles per 
day with a minimurrl 12 hour interval bet\.ve:en daily driving, to mini mite cumullative c:xpc;)sure 
levels (SE,L). 

> A detailed marine ma~mmal monitoring/protectic~n plan will be Ideveloped in coordination with 
NMFS; tllis would include use of biological ~rlonitors with authcrity to suspend activities 
should sensitive organisms be present or enter. the action area. Details of th~e plan will be 
developecl, and will include methocls to identifjr safety zone limits, nu.hbers and locations of 

-- ---SF- ---- -- ---- -----------..- 
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monitors, and conditions when Project activities would be suspended to protect biological 
resources. 

NMFS requested that information on baseline or ambient noise levels be collected prior to construction to 
help establish effective safety zones for vibratory pile driving activity. The baseline hydroacoustic study 
plan has been prepared separately. 

The Marine Mammal Monitoring and Mitigation Plan (MMMMP) will include the first three mitigation 
measures identified above: noise attenuation, construction hydroacoustic monitoring, and modification of 
operational procedures. The approaches to completing these tasks are addressed below. The MMMP will 
be prepared by Caltrans and will be submitted to NMFS. 

A.2 MARINE MAMMAL MONITORING AND MITIGATION PLAN 

Caltrans (or their representative) will be responsible for developing and implementing the MMMMP and 
the subtasks identified within the plan. There are six elements to the MMMMP that will be developed: 

Coordination 
Safety Zone Establishment 
Noise Attenuation 
Visual Monitoring 
Startup and Shutdown Procedures 
Hydroacoustic Monitoring 

Each element is briefly described below. 

Coordination 

This section of the MMMMP will detail the communication network that will be established to ensiure 
coordination not only between the marine mammal observers/monitors and the construction crew, lbut 
among the marine mammal observers, Caltrans, and NMFS, especially in the unlikely event of a take. In 
an event of a watercraft collision with a marine mammal, Caltrans (or their representative with authority) 
must immediately contact the NMFS Stranding Coordinator, Mr. Joseph Cordaro at (562) 980-4017. This 
section of the MMMP may also describe any coordination opportunities with other marine mammal 
observation programs working in Los Angeles Harbor. 

Safety Zone Establishment 

Since Caltrans will not be requesting Incidental Harassment Authorization from NMFS, it is critical that 
accurate or conservative safety zones be established that ensure harassment or injury take of marine 
mammals does not occur. However, establishment of an overly conservative safety zone will lead to 
excessive manpower to monitor an area more than actually needed. Overly large safety zones can also 
lead to diluted observation of the more critical injury zones (where noise levels are greater than 190 dB). 

Separate safety zones will be established for each vibratory pile driving (extending to the 120 dB 
isopleth) and impact pile driving (extending to the 180 dB isopleth). Distances to the threshold isopleths 
will be estimated by applying sound source data from similar hammers collected by Caltrans in California 
and WSDOTIWSF in Puget Sound to various transmission loss models available in the literature. The 
vibratory hammer safety zone estimate will take into account baseline noise levels, while the impact 
hammer estimate will account for any employed attenuation method (such as bubble curtains). All thlese 
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zones .will be verified, and modified as needed, during the real time collectic~n of hydrctacous~.ic data 
during construction (refer to Hydroacoustic Monitoring below). 

The noise attenuation procedures planned to be: used during impact pile driving will be described in this 
section of the m M M P .  The dt:scription will focus upon the use of bubble cl~rtains following Nn/IFS' 
Impact Pile Driving Sound Attmuation Specification (revised October 31, 2006). Studies by Jim 
Laughlin (WSDO'I'NJSF) in Pugc:t Sound have shown on average about a 10 dB decline in noise levels at 
source can be achieved with bubble curtains for pile driving in shallow water. Until actual measu:rea~ents 
are taken during pile driving, an average 10 dB reduction will likely be used in estimating dislance to 
N W S  thresholds fbr initial estsiblishment of safety zones. 

However, bubble c~trtains are not always effective leaving other technique;; to consider to achieve 
appropriate levels (sf attenuation. These include using cofferdams around piles c r using wood or synthetic 
material caps on the pile surfbces# to cushion hemmer blows* The pros and con5 of these methods will be 
described in the M M W .  

The visual monitorirlg section of the MMMP will include the following: 1) minimum qualificaiions for 
biological/marine mimmal monitors, 2) location and rlumt~er of monitors, 3 )  data collection procedures, 
including forms and equipment to be used, and 4) survey periods before, during, and after pille driving 
activity. The latter will be identified based on the estab1i:;hed safety zones. Idonitoring locations must 
consider that mari~ne mammals need to be observed prior to reaching the safety :2orke such that pile driving 
operations can be shutdown before the animal crosses the si3fety threshold (thereby avoiding take). 

Startup and Shutctolwn Proceduiw 

Sofi startups of pile driving serve as a warning -to marine mammals of p:nding loud noise levels, 
providing them ail opportunity to leave the Project vicinity before hammering commences at full force. 
For vibratory hanlrriers, this; g;eilerally means operating the hammer at reducr:d energy for 15 sec.onds, 
waiting a minute, and then repeating this sequence twice more. For impact Ilmmers, the pile is often 
struck three times at 40 percent of the planned energy force, followed by a cne-minute waiting period, 
then followed by two subsequent three-strike sets. 

The shutdown procedures will identify under what cclnditions pile driving will not occur, such as fog or 
night conditions .\where the safely zone is not entirelly visilale. In addition, the shutdown procedures will 
identify the chain of commt.mication leading tto an immediate shutdown of pile driving in the everit of a 
marine mammal approaching the safety zone. Biologica.1 monitors wil\ haw the authority to suspend 
ac:tivities should sensitive manlnilals be present or enter the action area; therefol e the monitors will need to 
be in full contact with construction personnel that have the authority to shutdovm an active operation. 

The hydroacoustic monitoring plan will identify the tequisite instruments, methods, and reporting 
rt:quirements for the measurement of underwater soundl pressure and partizle movement during pile 
driving activities. The workplan will be similar to rhe baseline hydroacoustic survey pIan, but will focus 
on both vibratory and impact pile driving, possibly with and without attenuation depending or1 whether 
there is also a research focus to the hydroacoustic n-iunitoring. The results of the hydroacoustic 
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monitoring will be analyzed in real time to identify whether existing (estimated) safety zones need to be 
modified to ensure that a marine mammal take is avoided. 

A.3 REPERENCES 

Caltrans, Essential Fish Habitat Assessment, Commodore Schuyler Heim Bridge (BR. NO. 53-2618) in 
the Ports of Long Beach and Los Angeles, Los Angeles County, California, January 2010. 

MEC Analytical Systems, Inc., Ports of Long Beach and Los Angeles Year 2000 Biological Baseline 
Study of San Pedro Bay, June 2002. 

Correspondence from National Marine Fisheries Service, Southwest Region, Long Beach CA, Mr. Robert 
S. Hoffman, to Caltrans, District 7, Division of Enviromental Planning Los Angeles, CA, Mr. Karl Price, 
February 12,2010. 

- 
Page A-4 of A-4 



I k!!d Tetra Tech, Inc. 

-- -- ----- 
Site Specific: ~ k a l t h  and Safety Plan 1 

Site Name: Commodore Schuyler F. Heim Bri'dge, Long B~:ach, CA 

Key Personnel And Respon.(;ibilities 

Project Manager: Heather Blenfield 
The PM shall approve the health ancl safety plan ar~d ensure its imp1emc:nt~i.ion in the field. 

Site Manager: &be1 Holcombq 
The SM will be responsible for the ovtxall coordin,stion and management a'fthe field activities. 

Site Health and Safkty Officer: Rafael Holconb 
The Site Health ancl Safety Officer is responsible for developing and enforcing the health & safety plan 
(HASP), to periotlic:ally inspec:t the work area to ensure HASP compliance, and tk~ verify that all project 
personnel have met the training ;md medical surveillance requirements. I 

Alternate Field Heallth and Safety Officer: Erik Kalapinski 

Plan Prepared by: Pafael Ho1c:ombe Date: 611 011 0 
Plan .Approved by: Heather Benfield Date: 611 1/10 

All Tetra Tech personnel assigned to the proj~ect halve, or will have, completc d ,411 training and medical 
surveillance requirements as; required by 29 CFR 1910.120 and company policy. u4 tailga~te mee:ting will 
be conducted at the start of each field workday for all Tt:tra Tech personnel ant4 recorded on ;i tailgate 
safety meeting field form (Attachment A). , 

Site Deseriptio~k 

Type: Spill O Fire KI HW Site El Industrial Facility O Other PI 

Plwical Descript icyc - 
The Commodore Schuyler F. Heim Bridge (the "Bridge") is a motor vehicle bridgl: that se:rves tc, connect 
Terminal Island with Long Be:ach crossing the Cerritos Cl~annel. The work condkrcted under this I-WSP 
will take place withim the Ce:rritos Channel directly underneath the Bridge and in ~~urrounding wafers 

Location: I 

The 13ridge is locatd on Highway 47 at the crossing of the Cerritos Channel n I/ong Beach, C.11ifornia. 
The Site area for the hydroacoilstic surveying activities is the Cerritos Channel within ithe Port of Los 
Angeles and the 1'or.t of Long Beach. 

Size: -- 

NJA 

His toa  -- 
The Bridge was built in 1948 and is being readied for demolition. The project burpose is to conduct a 
baseline hydroacous;tic survey of the water-surrounding the Bridge. 

Status: Active E3 --- Inactive 
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I Tetra Tech, Inc. Site Specific Health and Safety Plan 

Surrounding Population: Industrial Usage 

Surrounding Buildings/Homes: Industrial buildings in adjacent areas. 

Have Nearby People Been Evacuated? Yes No Evacuation Initiated Bv: NIA 

Evacuation Distance: N/A Topography: Low Relief 

Receiving Waters: Cerritos Channel Site PlanlSketch Attached: Yes No O 

Background Material Attached: Yes 0 No IZl 

Conduct a hydroacoustic survey of the Cerritos Channel located directly beneath and adjacent to the 
Schuyler Heim bridge. 

Hazard Level: High Moderate Low El 

Hazard Type: Liquid Solid Sludge VaporIGas Unknown IZl 

Known or Suspected Hazardous Materials: NIA 

Characteristics: Corrosive Ignitable Toxic Reactive 
Volatile Radioactive Bio. Agent 0 

Exposure Routes: Inhalation Ingestion Contact 

MSDS Sheets attached for informational purposes only; Yes No 

HAZARD EVALUATION 

Tetra Tech personnel will adhere to the Safe Working Practices for Working Over or Near Water 
(Attachment B) with the exception of a look-out. Due to the large project area as well as limited access to 
the shorelines and security issues within both Port of Los Angles and Port of Long Beach, it is not 
possible to have a third person onshore during work activities. However, Tetra Tech field personnel will 
complete the Float Plan provided in Attachment C and give a copy to the project manager (or designee) 
prior to launching the boat. Tetra Tech field crew (FC)/HSO will notify the PM upon return to shore. 

Task 

BoatingISampling 

General 
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Hazards 
Boating safety, 
mechanical, noise, fall 
potential 

Slip/trip/fall, vehicles 

Preventive Measures 
Trained experienced boat operator, equipment inspected prior to 
use; PPE and life vests worn at all times. Establish traffic and 
Site control protocols. Observe safe boating guidelines. 
Good housekeeping practices. Clear area before working. 
Level D PPE at all times, equipment and working personnel will 
not be allowed to encroach the control boundary at all times. 
Place orange cones/floats when working in traffic areas and a 
person to direct around the work zone if necessary. 



----- -- --- 
L q r e t r a  - Tech, Inc. - --- - Site Specific ---- Health and S a f e G I , ]  

The Vessel Safety Check (Attachment D) will be conclucted prior to launch the boat into the Channel. 

Personnel Protection - Sampling Operations 

Level of Protection; A U B U C 13 D plus life vests -- 

Suit Type: Work Clothes - Boot Type: Steel-Toe 

Protection Type: Level D - Eye Protection Type: Safety Glasses 

Glove TvpeCsS: Work gloves fcr general protection, nitrile gloves while collec..ind samples. - 

Other Protective D~.ess: Life vest. - 

Jilstification for I,evel of Protection (state decision criteria): Based on hamrd level. -- 

Change in Level of Protection: Upgraded D Downgraded Not applicalde El -- 

U ~ o r  Downgraded to: B [I C O D U 
Reason (state decision criteria): Upgrade of protection level is not anticipated to be needed. 

Specific Changes; blade: N!A - 

HeatKold StressMonitoring: Yes U No - 

Decontamination t site ~omtroi Procedl~res - NIA . . 

Residuals Management - N/A 

Emergency Information 

Emergency Contact Reso11rc:es 
..................................................................*.....*............... .............................. Police/Fire Department .....I. 9 1 1; 

............................................................... U.S. Coast Guard Elector Los Angeles-Long Eieach (3 10) 52 1-38 1 $ 
...................................................................................................................................................... Channel 22 

Non-emergency ......................................................... .. ..................................... (3 1 0) 5 2 1-3 805 
........................................................................................................ Los Angeles Port Police (3 10) 732-3506 
.......................................................................................................... Long Beach Port Police (562) 590-41 8% 

................................................................................... ............. National Response Center .....: (800) 424-8802 
............................................................................... ...................... St. Mary Medical Center ., (562) 491-9000 

A cellular phone will be available at the Site for notifying emergency resource;. 

DirectionsMap to IHospital Attached: 
St. Mary Medical Center 
1050 Linden Avt:ntle 
L,ong Beach, CA 908 13 
(562) 491 - 9000 

-- ------ ---- -- -- 
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I @@ ~ e t r a  Tech, Inc. Site Specific Health and Safety Plan 

(From Berth 205C - Colonial Yacht Anchorage) 
1. Head east on Anchorage Road for 0.4 miles 
2. Turn left (north) on Henry Ford Avenue for 1 mile (at the traffic light, bear left to continue on 

Henry Ford Avenue) 
3. Turn Right (east) on Anaheim Street. Travel for 3.1 miles 
4. Turn right (south) onto Linden Avenue. Entrance is on left side (east) of Linden. 

r - - r r  -*----- --**cr -- 
Tetra Tech Resources 

Tetra Tech, Inc. ...................................................................................................................... (626) 3 5 1-4664 
Heather Benfield (Project Manager) ...................................................................................... (626) 470-2415 

Cell: (3 10) 990-952,4 
Rafael Holcombe (Site Manager, Site Health and Safety Officer) ........................................ (562) 25 7- 1 5 89 

Cell: (626) 255-1924 
Christine McClain CIH (Corporate Health and Safety Manager) .......................................... (626) 470-2542 
Michael Ridosh, CIH (Health and Safety Consultant) ........................................................... (818) 888-5894 
Erik Kalapinski (Alternate Site Health and Safety Officer) .................................................. (6 17) 443-7538 

Cell: (857) 272-6276 

Elaine Silvestro. ......................................................................................................... (3 1 0  816-0460 x 17'5 
Cell: (310) 650-3359 

Marine Exchange .................................................................................................................... (3 10) 832-64 1 1 
Long Beach Pilots .................................................................................................................. (562) 432-0664 
Los Angeles Pilots .................................................................................................................. (3 10) 732-3 805 
Coast Maritime Services .................................................................................................... (3 1 0  521-0484 
U.S. EPA-ERT. ..................................................................................................................... (201) 321-6660 
Centers for Disease Control (Day) ......................................................................................... (404) 639-3534 
Centers for Disease Control (Night) ....................................................................................... (404) 639-2888 
National Response Center ...................................................................................................... (800) 424-8802 
Bureau of Alcohol, Tobacco, and Firearms (Explosives) ............ : ......................................... (800) 424-9555 
National Weather Service Forecast Office ............................................................................ (805) 955-661 1 

Emergency routes and meeting locations are on-site and will be finalized by the Site Safety 
OfficerIManager in the field and conveyed to all field personnel during a tailgate safety meeting prior to 
the start of work. 

All field personnel will be instructed regarding the use of all field safety equipment prior to the start of 
work. 

All personnel will be instructed of emergency communication procedures appropriate to the project. 

A first aid kit and portable fire extinguisher will be on-site (on board) during any field operations. 
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L g T e t r a  Tech, Inc. Site Specific --- Health and S a f e i c ]  

A cellular phone will be available on the boat along with a working radio. 

At least one of the field crew (Site Safety Officer/Managet~) will be trained to perform First Aid and CPR. 

Confined-space entry procedures applicable? Yes No 
If yes, attach copy of confined-space entry procedures; ancl -permlit. 

-- ---- --------- +---- 

TC1271-40 Page B-5 oFB-5 Final: July 2010 



Prepared for 
Alameda Corridor 

HYDROACOUSTIC MONITORING PLAN 
Transportation Authority Health and Safety Plan 

Hospital Route from Launch Site, Colonial Yacht Anchorage 

Source: ESRl ArcGlS Online and data partners including USGS and 0 2007Nat i~a I  Geographic Society 

Directions: 
1. Head East on Anchorage Road for 0.4 miles 
2. Turn left (north) on Henry Ford Avenue for 1 mile 
3. Turn right (east) on Anaheim Street. Travel for 

3.1 miles 
4. Turn right (south) onto Llnden Avenue 

Entrance on the left side (east) of Llnden Avenue 

St. Mary Medical Center 
1050 Linden Avenbe, Long Beach, CA90813 (562) 491-9000 

NORTH 
Not to Scale 

TETRATECH 

I 



@ Tetra Tech 

ATTACHMENT A 
TAILGATE SAFETY I(tlE;ETIN(; FORM. 



'TAILGATE SAFETY MlEETING: 

3475 East Foothill Blvd. 
Pasadena, CA 91 107 
(626) 35 14668, 

DATE: - TIME ---- JOB NZTMB ZR 
li--.I 

SPECIFIC LOCATION: 
I 

TYPE OF WORK 

SAFETY TOPICS PRESENTIED 

PROTECTIVE CI,OTHING/EQIJIPMENT 

CHEMICAL HAZAIWS 
- . . -  4. 

PHYSICAL HAZARDS 
I -- 4- -- 

CALIL 9 1 1 
-L-- 

- 

HOSPITAL/CLINIC .-- - - -- ADDRESS 

PHONE NUMBER .-- -- PARAMEDIC 9'11 ; - 
1 

SPECIAL EQUIPIWENT - -_.- 
OTHER 

_.I___- - 

MEETING COMDIUCTED BY: 
SIGNATURE 
PRINTED NAME 



Tetra Tech -- ----- ----am- --------- 

ATTACHMENT B 

SAJ?E WORKING PRACTICES I FOR 
WOlRKlNG OVER OR NEAR T V ~ T E R  



TETRA TECH, INC. 
SAFE WORK PRACTICES 

for 
WORKING OVER OR NEAR WATER Page 1 of 3 

L A - - .  - I - I  ----I 

The following sections discuss general procedtrres fcrr working over or rieak water, underwater 
work, and cold water procedures. 

1.0 SCOPE 

This safe work practice (SW13) provides guidelines for all Tetra Tech emplo:yees and 
r;ubcontractors who work over or near bodies of water 'three (3) or morc? fqet deep or sv~iftly 
moving water. This SWP was developed in accordar~ce with the Occupiatiqnal Safety and 
Health Admink;tration (OSHA) standard specified in Title 29 of the Code of Federal Regglations 
(CFR), Part 192Ei.106, "Working Over or Near Water."' 

2.0 RESPOIVSIBILITIES 

The project manager (PM) is; responsible for idientifying all health and safety requiremeiits of 
each project, including all tasks that may involve worker exposure to hazards or working in or 
near bodies of water. The PM will appoir~t a site safety coordinator (SSC) to ensure that this 
SWP is followed in the field. Workers will follow this SWP whenever working near or in any body 
of water that is olver three (3) feet deep or swiftly moving. 

3.0 GENERAL. PROCEDURES 

When working over or near water, the following precautions will be taken: 

a All staff and team members must wear a personal flotation (levice (PFD) when 
working within 15 feet of el water body. Personnel will br? piovided with 1J.S. 
Coast Guard 1:USCG)-approved life jackets or work vests.  he PFD shoulcl be 
Class Ill, vvliich will support the head of an unconscious person above water. 

a Life jackets and work vests will be inspected before and aftgr each use. 

Ring buoys with at least 90 feet of line shall be provided and readily available for 
employee rescue operations. 

The distance between ring, buoys shall not exceed 2!OO f seth 

The online version of this document supetsedes all other versions. Paper copies &this documenl: are 
uncontrolled. The cont~~olled version of this document can be found on the ~ e & a  Tech Intranet. 

I 



- 
visibn Date: 10/1/2008 j 

TETRA TECH, INC. Control Number: ' I 

SAFE WORK PRACTICES SWP 5-6 
for 

WORKING OVER OR NE3R WATER page 3 of B 

accelerate shock. Drinks no warmer than norrnal body temperature are abceptable. If 
symptoms are severe and evacuation to a medical facility cannot be quickly conclucted, any 
wet clothing st~ould be removed, the victim should be placed in blankets or sleeping bags in a 
sheltered location, and the rescuer should clinib into the blankets or sleeping bag with victim 
to provide additional warmti?. The victim should also be treated continuo$sly for shock, 
elevating feet and monitoring the victim's pulse ancl breathing rate. 

If a team member falls into cold water, he or slie should not remove any olothing while in the 
water because clothing provides additional insulation. Although clothing breates an added 
drag while swimming, the insulation outweighs the disadvantage of t l i c !  additional drag. Each 
team member should carry a wool hat to place on his or her head in c ~ s e h e  or she falls into 
the water. A wool hat, even when wet, provides good insulation for the h4ad, where a large 
amount of body lheat is lost. 

Disclaimer: This safe work practice (SWP) is the property of Tetra Tech, Inc. (Tetra Any reuse of the SWP 
without Tetra Tech's permission is at the sole risk of the user. The user will hold har~nled.s Tetra lrech for any 
damages that result from unauthorized reuse of this SWP. Authorized users are reslonqble for obtaining proper 
training and qual~fication from t h ~ ~ i r  employer before performir~g operations describe~l in It his SWP. 

- . ,  
I ' .  

Revision Date Document Authorizer Revision Details 
- 

10/1/2008 Chris McClain Upd 3te from 1998 forrrat 

---- - 

The online version of this document supersedes all other versions. Paper cop es bf this dclcument are 
uncontrolled. The controlled version of this document can be found on thc Tetra Tech Intrane:. 



kkJ Tetra Tech 

ATTACHMENT C 



'TIETRA TECH, INC, - FLOAT PLAN 
(This i~formation will be calltzd in daily anof recorded b j ~  the FC or FISO for zach sampling  sit,^) 

TODAY'S DA'TE: -- 

VESSEL NAME: 
pa----- 

OPERATOR: -- -- 

DEPARTURE TIME: --- 

EXPECTED T:[M[E OF RETURN: ------ 

CELL PHONFi NUMBER: 

If your return vlrill be after 4:30 p.m., with whom will you be in contact with .~pob your 
return? - --- 

DESTINATIO N/SAMPLn\TO 

---- - -- 

NAMES OF PIERSONNE;L CIN BOARD: 

NAMES (AN11 CELL CON'ACT IF APPIdCAEiLE) CIF PERSONNEL 01\[ SIJ3:ORE: 

If expected tinie of relam is exceeded by 3 liours, the fo'llowing steps will be d e n  in a logical 
order: 

1. HSOBC will contact each other (If someone othsr than the FC has the f l ~ a t  plan, that 
person wj 11 contact the FC) 

2. Attempt to contact on-shore crew m~mber 
3. If knovm,, hotel where: crew is staying will be colltacted 
4. PM will be notified 
5. Local hospitals and emergency centers will 'be contacted 
6. Local search and rescue will be notified 



@ Tetra Tech - - --- --- 

ATTACHIMENT D 

VESSEL SAFEI'Y CHECK 



0 wnerIOperator Name: 

ITESSEL SAFETY CHECK (VSC) 
To be cocnpleted by a U.S. Coast Guard approved Vessel Examiner. 
See the back of this form for a brief'explailation of required items. 

'4 Federal Requirements pamphlet is also available. 

OwnerIOperator has attended a CG.AUX, USPS, State 

Or--- Boating Safety Class: Yes No 

-- 
Dake of VSC: - 

Delal Awarded: Yes No 

I 

I Location O ~ V S C  - county: 
State: -- I 

I R~laced  decal was: Last YxO Outdated0 First time0 I 

VESSEL INFORMATION: 
Registration or 
Do~:umentation Numb€ r: 

m4: ---- ----- 

Length: 4 6  16-25 a 26-39 a 40-65 lo >65 0 
Powered by: Gas Diesel Sail Qthes [7 

Area of Operations: In1 and I3 Coastal CI 
Type: PWC Open [I cabin Other 

RECOMMENDED A#D DISCUSSION ITEMS 
VESSEL SAFETY CHE:CK DECAL IlEQUIREMENTS (While encouraged, item s below are not VSC I-eqoirements) 

1. Display of Numbers - Marine Radio 
- ,  

2. Renistration/Documentation I-- Dewatering Device & Badkuv 

---- - r< Fire Extinmishers 

111. Mounted Fire Ectingu ishers - 
IV. Anchor & Line for Ar sa - --- 
V. First Aid and PIW K.il s (**over) ' 

6 .  Ventilation - 
7. Backfire Flame Control - - 
8. Sound Producing Device:3/Be11 -# VI. Inland Visual Distress Signals - - 

VIII:. Discussion Items: as r.oolies 1 ;  1 
9. Navigation Lights a. Accident Reporting - Owner Responsibility -- 

b. Offshore 0peratior.s -- 
11. MARPOL Trash Placard c. Nautical Charts / h aviiation Aids 

- 

Marine Sanitation  device:^ - d. Survival Tips 1 ~ i r s  t A ~ C I  
-4- 

13. Navigation Rules - e. Fueling / Fuel Managepient 

State andlor Local Rec~uirements f. Float Plan / Weather & Sea Conditions 

Overall Vessel Condition: as applies - g. Insurance Considelations 

a. Deck Free of Hazards / Clean Bilge h. Boating Check L i s l  

b. Electrical -Fuel Systems - -- i. Safe Boating Clasr es I 

-t --- 
c. Galley - Heating S y s m s  i. Maritime Dam* iwajness 

I I certify that 1 have personally examined this, vessel and find it meets the above requirements at the time of this Vessel S(3fely Check. I 
arn a qualified Vessel Exarnin1:r of the: CGAUX U, USPS State of - - 17. or - 0. I 
I Printed Name of the Examiner Examine- Nbmber 

Examines Signature -- - -- Telephone Number ---- - I 
Additional Comments: This is fiot an oficial bclurding for law en,forceme~ttpurpclses. It is recomntefilded thztydz~ correct any dep17iencies notsd. This 
checklist isfinnished for your in,brrnation. The1.e is no assumption of lial~ility of an-v kindfor advice given or o~inio?rs expressed In connectiou to this 
examination. By accepting tbe i'kssel Safety Check decal you art? pledging to maintain your boat and eqa iprnpnt to the standard of safety whibited 
during this examination. Please remove the Vessel Safety Check decal if the boat is sold or  no longer meets these requirements. 

am consenting to this Vessel Safety Check of my watercraft with full knowledge that it is provided to nle a4 a public service cln a volunteer basis 
~ i t h o u t  cost, and I understa~~d :and agree that mny receipt of a Vt:ssel Safety Check shall not constitute o r  be construed as a warranty or guarantee 

I as: to either the qualification, Imowledge, or skills of the operator; the sea~vorthiness of the vessel; c l r  tde serviceability or adequacy of any 
ecluipmer~t on board. 

OwnerIOperator Signature: -- Date: 
II -- - 

ANSC70 12 (4-08) Previous edition may be used 



Back of ANSC70 12 (41'08) 

Brief Explanation of 'b%C Required Items: O 8 .  SOUND PRIDDUIZIPTG DEVICES: 'TO 03mp1y withNavi- 
gation Rules and for distress si~;nalirng purposes all boats must c a w  a sour~d 

C]I 1. NUMBERING: The boat's registration number must be per- producing device (whistle, hor I, sii~en, etc.) capable o Fa 4-second blast au- 
1n4:ntly attached to each side of the forwarti half' of the boat characters dihlc: for '/2 mile. Boats larger :ha13'39,4 ft. are also required to have a bell 
  st be plain, vertical, block stylt:, not less than three: (3) inches high, and in (see Navigation Rules.) 

a color ooiltrastixlg with the backgrounci. A space o - hyphen must separate 
the letters from the numbers. Plac~: S1:ate validation sticker according to State O 8). NAVIGATIiDN I r ~ ~ l ~ ~ ~ ~ :  A 11 boats must be able to dis- 

policy. (e.g. FL 2234 AB or  FL-42.34-AB) play navigation lights betweer sunset and sunrise and in conditicans of re- 
duce d visibility. Boats 16 fee or more in leilgth must have praperly in- 

CII 2,. ~GISTRATION/D~3CUME~NT11TION: Registration stalled, working navigation lig ~ t s  apd an all- around alchor light capable of 
or Documentation papers d nu st be cbn board and av,ailable. Documentaticm being lit intiependently from tf e recllgreedwhite "rumling" lights, 
numbers must be permanently marked on a visible part of the interior struc- 
ture. The documented boat's Ilame a ~ d  hailing 1.brt must be displayed on the O LO. POLLUTION P1,AG:ARD: Boats : ?E l  feet and over with a 

exterior hull in letters not less thcm 4 inches in 11eigl-it. ma(: hinery compwmest must iisplay an oily waste "~ollution" plgcard. 

Q 3. PERSONAL F L O ~ ~ ~ ~ T I O N  I)EVICES (PFD~):: Ac. O 1.1. MARPOL TRA!;H PLACARD: :Bj~ats 26 feet and over 

ceptable PFlIs (also klow as Life Jackets) must be U.S. Coast Guard ap- in length, operating in U.S. llivigable waters;, must display a "MARPOL," 
proved and in good, serviceable ~:onditioll. A viearable PFD of suitabll: size Qasll placard- Oceangoing bo;ts 40 feet and CI'Ver IYLUlt also have a written 

is required for the each person on the boat. Children must have properly "s" plan lboard. 

fitted PFDs designed for children. Wearable PFDs :;hall be "readily acces- jL2* MAHNE S.QNI~'ATI ON DEVICE: kly installed toilet 
sib1'?' " Boats Feet Or longer, mi'st have Orle S p e  lV (throw be a Coast Guard spprov sd dbvice. Overboard disc*] arge ou;]ets must 
device, which shall be "immediateti available " PFDs shall NOT be stored be capable of being sealed+ 
in unopened plastic packaging. Fix Personal W~terci.& riders, the PFD must 
be worn. An impact rating is recommended, but not required. a 1 3. NmLGATION RULES: Boats 39.4 feet and over must have 

C]I 4, VISUAL DISTWSSI SIGNALS: Recreational borlts 16 
on board a cursent copy of the Navigation Rules. 

feet and over used on coast waters or the Great Lakes are required to c : q  a Q 14. STATE AND LCiCqL WQUIRE?dE.IVTS: These re- 
minimum of either 1) three day and three night pyrotechnic devices, 2) one quirements must be m41 befcre 1 . ~ 1 2  ' 'kssel f dety decal ctul be 
day non-~~rotmhnicdevice (flag) and one night non-~~rotechnic device (auto awarded. A boat must meet tht reqi~irements of the state i n  which it is being 
SOS light) or 3) a combination of 1 ) and 2). Rc:crea:ional boats less than 16 exalnjned. 
feet on coastal waters or the Great Lakes need only carry night visual1 dis- 
tress signals when operating &oin sunset to sunrise L I  15. OVERALL BOb,T CONDITION: As it applies to this 

Vessel. fmeluding, but not Xiinited to: 
'It is recommended, but not required, that boars operating on inland waters 

~ u l d  have some means of making a suitable day snd night distress signal. a, Deck free of haz:~rd$ and cle!an bilge -;The boat must be 
- fie m~mber and type of signal:; is best judged by considering conditions free from fire hazards, in good I ~vesall condition, with bilges reasonably clean 
under which the boat will be operat'ag. and visible: llull structure generally sound. The use of automobile parts on 

C]I 15. FIRE EXTINGUISEIERS: Fire extinguishers are required 
if one of the following conditions exists: 1) Inboard engine(s); 2) Double 
bottom hulls not completely sesletl or not cornple~ely filled with flotation 
materials 3) Closed living space 4) Closed sto~vage compartnlents that con- 
tain flammable materials or 5) Permanently installed &el tanks. Recreational 
boats less than 26 feet, and propt:lled by outboard nlotors are NOT recjuired 
to have fire extinguishers unless orie or more of the conditions (2-5) listed 
above applies. ,VOTE: Fire exfin~yishers mlnst be readily accessible and 
verified as .serviceable. 

boai engines is not acceptable 7'he engine horsepower must not exceed that 
sha ~n on I he capacity plate. 

b. Electrical and Fuel Systems: The e1e:trical syste,m must be 
pro1 ected by fuses or manual rl:set circuit breakers. Sw itches and fuse panels 
must be protected from rain 01. water spray. Wiring must he in gcod condi- 
tion, properly installed and wi h no exposed areas or deteriorated k~sulation. 
Batteries must be secured anc terminals covlered to prevent accidental arc- 
ing . If installed, self-circlinl; or kill switch tnechan Ism must be. in proper 
wo~king order. All PWCs rec uir$ an operating self circling or kill switch 

Boat N;:1 Fked IRfh Fixed 
Lengih S y ~ f e ~ n  2)sfenz - - 
Less than 26' one B-1 Ci 

26' to less than 40' two B;-1 or one 3-2 ccne 3-1 

Fun:l Systems - Portable fur: 1 taitks (normally '7 gi.llo11i capacity or less) 
must be constructed ofn,on-bre Bable material and fkee of corrosiomand leaks. 
All vents must be capable of being closed. The talk must be secured and 
have a vapor-tight, leak-prool cap! Each pennanent f ~ e l  tank mu% be prop- 
erly ventilated. 

40' to 65' three B-1 or two B-1 or 
one B -1 & one B-2 ccne EL-2 c, Galley and Heat ingiSystems - System and fuel r d s  must 
- - - be properly secured with no fl am~l'~;lble materials nearby. 

O 6. VENTILATION: Boats with gasoline engines in closesl corn- I _ VIII. RECOMMEB D ~ D  AND DISCI JSSION ITEMS: 
partrnents, built after I August 1980 must have a 1)owered ventilation SyS- ( ~ ( , t  required for the award of ,.he G L V ~ ~ ~ ~ ~  Safety (:heck,, decal), F~~ the 
ten-1. Those built prior to that date nlust have natural Or powered ventilation. very best boaters, we rccom end these additional itrms. ~~~t.~ these re- 
Boats with closed fuel tank cornp;~ltments built alter 1 August 19'78 must quirements your conc2m fCbr ~ ~ ~ h ~ ;  safety. 
meet requirements by displaying a "certificate of i:ompliance." Boats built 
before that date must have either natural or powered ventilation in the fuel *" I'erson the water  (Pl'w cansifts of one extra wearable PFD 
+a& conlpartmeat. anal a throwable type IV PF D wlline, 

- 
1 7. BACKFIRE: FLAME ARRESTER: Alt gasoline pow- 

-+- 

ered inboar.dloutboard or inboard motor bo& must be equippe 
For more informati on: Ask your Vessel Examiner, 

approved backfire flame control device. Visit http:EISafetySeal.net 

http:SafetySeal.net


Schuyler Heim Bridge Replacement Project 

Air Quality Information Handout 

 

The following mitigation measures have been identified in the “Schuyler Heim Bridge 

Replacement and SR-47 Expressway Project Final Environmental Impact Statement/Environmental 

Impact Report and Section 4(f) Evaluation” to reduce air quality effects during project construction 

and provide the noted potential efficiencies as determined by SCAQMD: 

 

AQ-1 Apply nontoxic soil stabilizers to all inactive construction areas (previously graded areas 

inactive for 10 days), and areas anticipated to be inactive for 10 days.  Nontoxic soil stabilizers can 

reduce PM10/PM2.5 emissions from these areas by 30 to65 percent. 

AQ-2 Replace ground cover in disturbed areas as quickly as possible. A reduction of 15 to 49 percent 

in PM10/PM2.5  emissions for disturbed areas could be achieved. 

AQ-3 Reduce traffic speed on all unpaved roads to 15 mph or less. PM10/PM2.5 emissions from travel 

on unpaved roads can be reduced by 40 to 70 percent by managing vehicle speeds. 

AQ-4 Develop and implement a trip reduction plan to achieve a 1.5 average vehicle ridership for 

construction employees. A trip reduction plan can reduce emissions of ROG, NOX, CO, and PM10 

from worker commutes by 0.1 to 2.2 percent, 0.1 to 2.9 percent, 0.1 to 2.9 percent, and 0.1 to 2.9 

percent, respectively (SCAQMD, 1993). 

AQ-5 Implement a shuttle service for construction workers to and from retail services and food 

establishments during lunch hours. A shuttle service can reduce emissions of ROG, NOX, CO, and 

PM10 from lunch hour trips by 0.1 to 1.0 percent, 0.1 to 1.3 percent, 0.1 to 1.3 percent, and 0.1 to 1.3 

percent, respectively (SCAQMD, 1993). 

AQ-6 Prohibit truck idling in excess of 2 minutes. Employ periodic, unscheduled inspections to limit 

unnecessary idling. The SCAQMD has not quantified the efficiency of this mitigation measure. 

AQ-7 Suspend use of all construction equipment operations during second-stage smog alerts. The 

SCAQMD has not quantified the efficiency of this measure. 

AQ-8 Use electricity, if feasible, from power poles rather than temporary diesel- or gasoline-powered 

generators. Using electricity from power poles is an effective measure to reduce emissions of ROG, 

NOX, CO, and PM10 from generators.  Reduction efficiencies for these compounds are 97 to 99 

percent. 

AQ-9 Does not apply. 

AQ-10 To the extent feasible, utilize construction equipment equipped with Tier 2 or newer engines. 

AQ-11 Maintain and tune engines per manufacturer’s specifications to perform at EPA certification 

levels and to perform at verified standards applicable to retrofit technologies. Employ periodic, 

unscheduled inspections to ensure that construction equipment is properly maintained, tuned, and 

modified to established specifications. 

AQ-12 Prohibit tampering with engines, and require continuing adherence to manufacturer’s 

recommendations. 
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1.  THE EXTERNAL BBS CABINET SHALL BE MOUNTED TO THE MODEL 332 OR 334 CABINET WITH FOUR 18-8 STAINLESS STEEL

    HEX HEAD, FULLY-THREADED, �"-16 X 1" BOLTS; TWO WASHERS PER BOLT, DESIGNED FOR �" BOLTS AND ARE 18-8 STAINLESS STEEL,

    1" OUTSIDE DIAMETER, ROUND, AND FLAT; AND ONE K-LOCK NUT PER BOLT THAT IS 18-8 STAINLESS STEEL AND A HEX-NUT. 

    THE ENGINEER WILL HAVE TO APPROVE THE BOLT MOUNTING LOCATION PRIOR TO INSTALLATION.

 

2.  THE ANCHOR BOLTS SHALL BE �" Dia X 15" WITH A 2"-90^ BEND.  THE CABINET MANUFACTURER’S SPECIFICATION SHALL

    DETERMINE THE LOCATION OF THE ANCHOR BOLTS IN THE FOUNDATION.  THE ENGINEER WILL HAVE TO APPROVE THE ANCHOR BOLTS AND

    ITS LOCATION IN THE FOUNDATION PRIOR TO CONSTRUCTION.

 

3.  THE CONTRACTOR SHALL VERIFY THE DIMENSIONS OF THE BBS CABINET PRIOR TO CONSTRUCTING THE FOUNDATION OF THE MODIFIED

    PORTION OF THE Std MODEL 332 AND 334 CABINET FOUNDATION.  THE ENGINEER WILL HAVE TO APPROVE ANY NECESSARY DEVIATIONS

    PRIOR TO CONSTRUCTION.

 

4.  ALL DIMENSIONS ARE NOMINAL.
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2.  CASE-1 REFERS TO THE SITUATION WHEN THE ENTIRE BBS EQUIPMENT INCLUDING THE BATTERIES ARE

   INSTALLED IN THE BBS CABINET.

SF   = STATE-FURNISHED

Cntl  = CONTROL

1.  TYPE A REFERS TO THE BBS EQUIPMENT FROM MANUFACTURER A.

4.  THE CONTRACTOR SHALL FURNISH AND INSTALL A NEMA-1 ENCLOSURE WITH 30 A, 1P, 120/240 VOLTS RATED

   CIRCUIT BREAKER MANUFACTURED PER UL STANDARD 489.

5.  A TEMPERATURE PROBE SHALL BE ATTACHED TO THE BATTERY BY TAPE OR ATTACHED TO THE NEGATIVE

   TERMINAL OF THE BATTERY.

6.  THE ELECTRICAL POWER FOR THE COOLING FAN FOR THE BBS CABINET SHALL BE TAPPED FROM THE BOTTOM OF 

   THE TB IN THE 332 CABINET.
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TB    = TERMINAL BOARD

C     = COMMON

AC-   = GROUNDED CONDUCTOR

MBPS  = MANUAL BYPASS SWITCH

PTS   = POWER TRANSFER SWITCH

UPSC  = UNINTERRUPTIBLE POWER SUPPLY CONTROLLER

UPSM  = UPS MODE

UPS   = UNINTERRUPTIBLE POWER SUPPLY 

AC+   = UNGROUNDED CONDUCTOR

Blk   = BLACK

Grn   = GREEN

Wht   = WHITE

Gnd   = GROUND

SF    = STATE-FURNISHED

Temp  = TEMPERATURE

Batt  = BATTERY

Cntl   = CONTROL

BP    = BYPASS

1.  TYPE B REFERS TO THE BBS EQUIPMENT FROM MANUFACTURER B.

2.  CASE-1 REFERS TO THE SITUATION WHEN THE ENTIRE BBS EQUIPMENT INCLUDING THE BATTERIES ARE

   INSTALLED IN THE BBS CABINET.

4.  THE CONTRACTOR SHALL FURNISH AND INSTALL A NEMA-1 ENCLOSURE WITH 30 A, 1P, 120/240 VOLTS RATED

   CIRCUIT BREAKER MANUFACTURED PER UL STANDARD 489.

5.  A TEMPERATURE PROBE SHALL BE ATTACHED TO THE BATTERY BY TAPE OR ATTACHED TO THE NEGATIVE

   TERMINAL OF THE BATTERY.

6.  THE ELECTRICAL POWER FOR THE COOLING FAN FOR THE BBS CABINET SHALL BE TAPPED FROM THE BOTTOM

   OF THE TB IN THE 332 CABINET.

7.  THE CONTRACTOR SHALL PROVIDE A 9-WIRE WIRING HARNESS OR BUNDLED 9 MULTICOLOR CONDUCTORS,

   #18 AWG WIRES FROM THE RELAY ON THE INVERTER/CHARGER UNIT TO THE CONTROLLER.  THE ENDS OF

   THE CONDUCTORS SHALL BE INSULATED WITH TAPE AND A SIX-FOOT COIL ON EACH END.
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Schuyler Heim Bridge Replacement Project 

Air Quality Information Handout 

 

The following measures have been identified in the “Schuyler Heim Bridge Replacement and SR-47 

Expressway Project Final Environmental Impact Statement/Environmental Impact Report and Section 

4(f) Evaluation” to reduce air quality effects during project construction: 

 

1 Apply nontoxic soil stabilizers to all inactive construction areas (previously graded areas inactive for 

10 days), and areas anticipated to be inactive for 10 days.  Nontoxic soil stabilizers can reduce 

PM10/PM2.5 emissions from these areas by 30 to65 percent. 

2 Replace ground cover in disturbed areas as quickly as possible. A reduction of 15 to 49 percent in 

PM10/PM2.5  emissions for disturbed areas could be achieved. 

3 Reduce traffic speed on all unpaved roads to 15 mph or less. PM10/PM2.5 emissions from travel on 

unpaved roads can be reduced by 40 to 70 percent by managing vehicle speeds. 

4 Prohibit truck idling in excess of 2 minutes. Employ periodic, unscheduled inspections to limit 

unnecessary idling. The SCAQMD has not quantified the efficiency of this mitigation measure. 

5 Suspend use of all construction equipment operations during second-stage smog alerts. The 

SCAQMD has not quantified the efficiency of this measure. 

6 Use electricity, if feasible, from power poles rather than temporary diesel- or gasoline-powered 

generators. Using electricity from power poles is an effective measure to reduce emissions of ROG, 

NOX, CO, and PM10 from generators.  Reduction efficiencies for these compounds are 97 to 99 

percent. 

7 To the extent feasible, utilize construction equipment equipped with Tier 2 or newer engines. 

8 Maintain and tune engines per manufacturer’s specifications to perform at EPA certification levels 

and to perform at verified standards applicable to retrofit technologies. Employ periodic, unscheduled 

inspections to ensure that construction equipment is properly maintained, tuned, and modified to 

established specifications. 

9 Prohibit tampering with engines, and require continuing adherence to manufacturer’s 

recommendations. 
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STATE OF CALIFORNIA ARNOLD SCHWARZENEGGER, Governor 

PUBLIC UTILITIES COMMISSION 
180 Promenade Circle, Suite 115 

Sacramento, CA 95834 

August 31,2010 

File Number: 6.1 0-07-02 1 
Terminal Island Fwy/New Dock St off ramp 

City of Long Beach 

A1 Moro, P.E. 
Chief Harbor Engineer 
The Port of Long Beach 
925 Harbor Plaza 
Long Beach, CA 90802 

Re: General Order 88-B Request for Authoriv to Grade Separate the Terrmhal Island 
Fvvymew Dock St off ramp At-Grade Highway-Rail crossing across the tracks of the 
Port of Long Beach, in City of Long Beach, Los Angeles Gounly. 

Dear Mr. Moro: 

This refers to your letter, dated July 15, 20 10, received July 16, 2010, requesting authorization, 
pursuant to Commission General Order (GO) 88-By to alter the Terminal Island Fwy/New Dock St 
off ramp at-grade highway-rail crossing (crossing), CPUC Crossing No. 120AT-18.57, of the Port 
of Long Beach's (POLB) Alarneda Corridor Subdivision tracks in City of Long Beach (City), 
County of Los Angeles. 

POLB owns the railroad right of way and Pacific Harbor Line (PHL) operates freight service on the 
rail corridor. POLB, a City of Long Beach agency, also controls the street system within the port. 
The alterations proposed for this crossing are part of a larger project to reconstruct and widen the 
Terminal Island Freeway (SR-47). 

The proposed SR-47 reconstruction will realign and grade separate the existing at-grade crossing. 
The existing tracks will be shifted north with the new SR-47 southbound off ramp structure passing 
over the tracks. The ramp structure will intersect with a newly elevated New Dock Street. 

The Commission's Rail Crossings Engineering Section (RCES) investigated the request by POLA 
and finds it adequately addresses compliance and safety. As POLA, PHL and City are in agreement 
as to the design and apportionments of the cost under the provisions of 60 88-B, the impr6vements 
as described in your letter dated July 15, 2010, and summarized above are authorized. 
Improvements shall comply with all applicable Commission General Orders and the California 
Manual on Uniform Traffic Control Devices published by the California Department of 
Transportation. 



A1 Moro, P.E. 
6.10-07-02 1 
August 3 1,20 10 
Page 2 of 2 

This project is statutorily exempt from the requirements of the California Environment Quality Act 
of 1970, as amended. [California Pubic Resources Code 2 1080.131 

This authorization shall expire if the above conditions are not complied with or if the work is not 
completed within three years of the date of this letter. Upon written request to this office, the time 
to complete the project may be extended. Any written request for a time extension must include 
concurrence letters by involved parties in support of the time extension. If an extension is 
requested, the Commission's RCES may reevaluate the crossings prior to granting an extension. 

Within 30 days after completion of this project, POLA shall notif47 RCES that the authorized work 
is completed, by submitting a completed Commission Standard Forrn G title Report ofChanges at 
Highway Grade Crossings and Separation. Form G requirements and forms can be obtained at the 
CPUC web site Form G page at ~://www.cpuc.ca.~z;ov/formg. This report may be submitted 
electronically to rces@cpuc.ca.~ov as outlined on the web page. 

If you have any questions, please contact Jose Pereyra at (213-576-7083) or jfp@cpuc.ca.gov . 

Sincerely, 

Daren Gilbert, Supervisor 
Rail Crossings Engineering Section 
Consumer Protection and Safety Division 

C:&lo L w i ,  Port of Long Beach 
Robert Giannoble, Pacific Harbor Line 



STATE OF CALIFORNIA ARNOLD SCHVVARZENEGGER, Governor 

PUBLIC UTILITIES COMMISSION 
180 Promenade Circle, Su~te 115 

Sacramento. CA 95834 

A U ~ U S ~  3 1,20 10 i$ sm-72010 -, 

File Number: 6.10-07-022 
New Dock St 

City of Long Beach 

A1 Moro, P.E. 
Chief Harbor Engineer 
The Port of Long Beach 
925 Harbor Plaza 
Long Beach, CA 90802 

Re: General Order 88-B Request for Authoriy to Modify the New Dock St At-Grade 
Highway-Rail crossing across the tracks of the Port of Long Beach, in City sf Long 
Beach, Los h g e l e s  County. 

Dear Mr. Moro: 

This refers to your letter, dated July 15, 201 0, received July 16, 201 0, requesting authorization, 
pursuant to Commission General Order (GO) 88-B, to alter the New Dock St at-grade highway-rail 
crossing (crossing), CPUC Crossing No. 120AT-18.60, of the Port of Long Beach's (POLB) 
Alarneda Corridor Subdivision tracks in City of Long Beach (City), County of Los Angeles. 

POLB owns the railroad right of way and Pacific Harbor Line (PHL) operates freight service on the 
rail corridor. POLB, a City of Long Beach agency, also controls the street system within the port. 
The alterations proposed for this crossing are part of a larger project to reconstruct and widen the 
Terminal Island Fwy (SR-47). 

The proposed SR-47 reconstruction will realign the existing tracks and shift the existing crossing. 
POLB proposes to shift the existing tracks east and raise the elevation to match the elevations of the 
reconstructed New Dock St. New Dock St will have two vehicular lanes for each direction of travel 
(easuwest). Specifically, POLB will perform the following modifications: 

Construct new raised medians on both approaches to the crossing, 
Install one curb mounted Commission Standard 9A (flashing light signals with gate and 
cantilever, per GO 75-D) on west approach to crossing, 

- 
e, Install one curb mounted Commission Standard 9 (flashing light signals with gate, per GO 

75-D) and one median mounted Commission Standard 9 on east approach to crossing, 
Replace all existing flashers with LEDs, 
Install new railroad signage, pavement markings and striping as indicated in letter and plans. 



A1 Moro, P.E. 
6.10-07-022 
August 31,2010 
Page 2 of 2 

The Commission's Rail Crossings Engineering Section (RCES) investigated the request by POLB 
and finds it adequately addresses compliance and safety. As POLB, PHL and City are in agreement 
as to the design and apportionments of the cost under the provisions of GO 88-B, the improvements 
as described in your letter dated July 15, 2010, and summarized above are authorized. 
Improvements shall comply with all applicable Commission General Orders and the California 
Manual on Uniform Traffic Control Devices published by the California Department of 
Transportation. 

This project is categorically exempt from the requirements of the California Environment Quality 
Act of 1970, as amended. [California Pubic Resources Code 2 10841 

This authorization shall expire if the above conditions are not complied with or if the work is not 
completed within two years of the date of this letter. Upon written request to this office, the time to 
complete the project may be extended. Any written request for a time extension must include 
concurrence letters by involved parties in support of the time extension. If an extension is 
requested, the Commission's RCES may reevaluate the crossings prior to granting an extension. 

Within 30 days after completion of this project, POLB shall notify RCES that the authorized work 
is completed, by submitting a completed Commission Standard Form G title Report of Changes at 
Highway Grade Crossings and Separation. Form G requirements and forms can be obtained at the 
CPUC web site Form G page at htt~://www.c~uc.ca.~ov/forrng. This report may be submitted 
electronically to rces~cpuc.ca.gov as outlined on the web page. 

If you have any questions, please contact Jose Pereyra at (213-576-7083) or j f~@c~uc .ca ,~ov  . 

Sincerely, 

Daren Gilbert, Supervisor 
Rail Crossings Engineering Section 
Consumer Protection and Safety Division 

J C: Carlo Luzzi, Port of Long Beach 
Robert Giannoble, Pacific Harbor Line 



STATE OF CALIFORNIA ARNOLD SCHWAWENEGGER, Governor 

PUBLIC UTILITIES COMMISSION 
180 Promenade Circle. Sulte 115 

Sacramento, CA 95834 

August 3 1,2010 

File Number: 6.10-07-023 
Terminal Island Fwy Overhead 

City of Long Beach 

A1 Moro, P.E. 
Chief Harbor Engineer 
The Port of Long Beach 
925 Harbor Plaza 
Long Beach, CA 90802 

Re: General Order 88-B Request for Authorib to modify the Terminal Island Pwy Grade 
Separated Highway-Rail crossing over the tracks of the Port of Lonag Beach, in City 
of Long Beach, Eos Angeles CounQy. 

Dear Mr. Moro: 

This refers to your letter, dated July 15, 2010, received July 16, 201 0, requesting authorization, 
pursuant to Commission General Order (GO) 8843, to alter the Terminal Island Fwy Grade 
Separated Highway-Rail crossing (crossing), CPUC Crossing No. 120AT-18.64-A, of the Port of 
Long Beach's (POLB) Alameda Corridor Subdivision tracks in City of Long Beach (City), County 
of Los Angeles. 

POLB owns the railroad right of way and Pacific Harbor Line (PHL) operates freight service on the 
rail corridor. POLB, a City of Long Beach agency, also controls the street system within the port. 
The alterations proposed for this crossing are part of a larger project to reconstruct and widen the 
Terminal Island Fwy (SR-47). 

The proposed SR-47 reconstruction will realign the existing northerly track and raise its elevation to 
match that of the adjacent New Dock St. The existing southerly track and turnout will remain 
unchanged. The existing SR-47 overhead structure will be removed and replaced with a new 
structure located at approximately the same horizontal location but at a higher elevation. 

The Commission's Rail Crossings Engineering Section (RCES) investigated the request by POLA 
and finds it adequately addresses compliance and safety. As POLA, PHL and City are in agreement 
as to the design and apportionments of the cost under the provisions of GO 88-B, the improvements 
as described in your letter dated July 15, 2010, and summarized above are authorized. 
Improvements shall comply with all applicable Commission General Orders and the California 
Manual on Uniform Traffic Control Devices published by the California Dep 
Transportation. 



A1 Moro, P.E. 
6.10-07-023 
August 31,2010 
Page 2 of 2 

This project is categorically exempt fiom the requirements of the California Environment Quality 
Act of 1970, as amended. [California Pubic Resources Code 2 10841 

This authorization shall expire if the above conditions are not complied with or if the work is not 
completed within three years of the date of this letter. Upon written request to this office, the time 
to complete the project may be extended. Any written request for a time extension must include 
concurrence letters by involved parties in support of the time extension. If an extension is 
requested, the Commission's RCES may reevaluate the crossings prior to granting an extension. 

Within 30 days after completion of this project, POLA shall notify RCES that the authorized work 
is completed, by submitting a completed Commission Standard Form G title Report of Changes at 
Highway Grade Crossings and Separation. Form G requirements and forms can be obtained at the 
CPUC web site Form G page at http://www.cwuc.ca.aov/formg. This report may be submitted 
electronically to rces~,cpuc.ca.~?;ov as outlined on the web page. 

If you have any questions, please contact Jose Pereyra at (213-576-7083) or jb@,cpuc.ca.gov . 

Sincerely, 
/-+. 

Daren Gilbert, Supervisor ' 
Rail Crossings Engineering Section 
Consumer Protection and Safety Division 

Y/' C. Carlo Luzzi, Port of Long Beach 
Robert Giannoble, Pacific Harbor Line 



HARBOR DEVELOPMENT PERMIT (RAILROAD GUIDELINES SECTION) 

WORK REOUIREMENTS WHEN WORKING WITHIN RAILROAD FUGHT-OF-WAY 

The requirements stated in this section relate to any work within the railroad right-of-way. For 
construction purposes, the railroad right-of-way is defined as 20 feet from track centerline. The 
minimum vertical clearance above top of rail is 25 feet. The minimum depth for any utility 
construction below grade shall be five (5) feet - six (6) inches fiom base of rail for mainline track 
and four (4) feet - six (6) inches from base of rail for other than mainline track in accordance with 
the Engineering Division railroad standard plans. Any work within the railroad right-of-way shall 
include a Port inspector paid by the Contractor. 

The Contiactor shall not enter any location, perform any work, or locate any piece of equipment 
within ten (10) feet of the nearest rail of any railroad track without prior authorization from the 
Engineering Division and Pacific Harbor Line (PHI,). The PHL contact is Bob Giannoble at (3 10) 
420-8 1 16. All work shall be performed in accordance with the provisions of Title 49, Part 2 14 of 
the Code of Federal Regulations. 

The Contractor shall submit a written Work Plan to the Engineering Division for approval not less 
than fourteen (14) days prior to beginning work. The Work Plan shall include the location, starting 
and stopping times, a description of the work to, be performed, the work crews involved, and the 
track outages andlor railroad safety protection (Flagmen). All flagging shall be by PHI,. No work 
may be performed, nor any piece of equipment moved within ten (10) feet of the nearest rail of any 
railroad track until the Engineering Division approves the Work Plan. The Contractor: if required, 
will pay Flagmen, to PHL. 

The Contractor shall provide a qualified train Watchperson when working within 20 feet of the 
track centerline for the safety and protection of the Contractor's personnel and equipment during 
construction operations. Watchperson shall be properly trained and equipped in accordance with 
Title 49, Part 214 of the Code of Federal Regulations. The Contractor shall pay the cost of 
Watchperson. The PHL will qualify the Watchperson for the project. The Contractor shall submit 
an approved list of PHL trained watchperson to the Engineering Division prior to working within 
20 feet of the track centerline. 

Crossing of tracks by the Contractor's equipment at unpaved railroad crossings is prohibited. A 
temporary timber railroad crossing shall be required for construction access over the tracks. 

The Contractor shall report any accidents, injuries, track defects, or any unusual track conditions, 
which may affect the safe and efficient operation of the railroad to the Engineering Division and 
PHL by the first available means of communication. - 
The Contractor shall be responsible for the prevention or damage to railroad facilities, equipment 
and operating trains due to its activities. In the event the Contractor damages railroad facilities or 
equipment, the Contractor shall immediately report the damage to the Engineering Division and 
PHL. Repair of damage caused by Contractor's operations shall be at the expense of the Contractor 
and accomplished immediately in accordance with the Engineering Division and PHL supervision. 



Upon completion of the work, the Contractor shall promptly remove all materials, tools, equipment, 
and leave the right-of-way in a clean, presentable condition. 

Port Standard Utility Casing Requirements 

The approved method for utility installation under the railroad tracks is by boring or jacking and 
shall be in accordance to the Engineering Division railroad standards casing plans. All ballast and 
sub-ballast replacements shall be with new material. The tracks shall be restored to original 
alignment by an experienced railroad contractor. 

Utilitv Work on Railroad Right-of-way 

Trenching and/or tunneling under the tracks may be permitted for non-mainline track where boring 
cannot be accomplished as approved by the Engineering Division for each specific site. Shoring 
plans, engineering calculations and detailed cross sections shall be required for both utility 
crossings under the railroad tracks and longitudinal trenching within 20 feet from track centerline. 
The shoring plan shall include a support beam in order to prevent a sag in the tracks. 

Open cut trenching under unpaved track sections shall include delineators or fencing after work 
hours. New ballast shall be placed 12 inches (six inch lifts) from bottom of tie to a distance two 
feet beyond edge of tie. A two (2) - sack slurry (quick hardening mix) shall be placed from bottom 
of new ballast to a distance 15 feet from each side of track centerline. Backfill for longitudinal 
work within 20 feet from track centerline shall be required and placed in six (6) inch layers with 95 
percent compaction in accordance with the American Society for Testing and Materials (ASTM) 
Designation D 1556 and D 1557. 

For tunneling work under paved tracks, the Contractor shall saw cut pavement at a distance of five 
(5) feet from track centerline (or beyond end of tie). The Contractor shall fill any voids between the 
proposed steel casing and tunneling hole with a two (2)-sack slurry mix (quick hardening mix). If a 
cave in occurs within the area from the base of rail to a distance four (4) feet below base of rail at 
any point along the tunneling operation, then the Contractor shall be required to continue as an open 
cut trench with complete asphalt and soil removal. 

Ballast and Sub-ballast 

Sub-ballast material shall be Crushed Miscellaneous Base (CMB) and shall conform to Section 
200-2.4 (Fine Gradation), per SSPWC. Placement of the sub-ballast shall conform to Section 301- 
2.2 "Spreading" and 301-2.3 "Compacting" per SSPWC 

Ballast material shall consist of clean crushed stone, tough, durable fragments free of any 
detrimental quantity of soft, fiiable, thin, elongated or laminated pieces, disintegrated material, 
pieces coated with dirt, oil or other deleterious substance. Ballast shall be crushed granite, quarry 
stone or slag. 

CLRR HD-Permit Requirements 
August, 2003 



Ballast gradation shall be gradation No. 4A as outlined in Chapter 1, Part 2, Section 2 of the 
AREMA Manual. The ballast gradation shall be determined by ASTM C 136 with laboratory sieves 
having square openings conforming to ASTM El 1. 

Gradation No. 4A: 

Nominal Sieve Size Percent Passing: BY Weight (No. 4A) 

2 - 112 inch 
2 inch 
1-112 inch 
1 inch 
314 inch 
112 inch 
318 inch 

100 percent 
90 - 100 percent 
60 - 90 percent 
10 - 35 percent 
0 - 10 percent 

----------------- 
0 - 3 percent 

The Contractor shall provide certification that ballast delivered to the job site is typical of ballast 
which passed acceptance and production tests. If material at the job site does not conform to these 
specifications, the Contractor shall stop M e r  deliveries until the fault has been corrected. The 
Engineering Division will reject ballast arriving at the site for unloading that does not conform to 
the specifications. Defective material shall be promptly removed and replaced at the Contractors 
expense. 

The ballast shall be hand tamped by mechanical method from a point twelve (12) inches inside each 
rail on both sides of the ties to the ends of the ties for short 'rail lengths (less than 20 feet). For 
larger areas (greater than 20 linear feet), mobile tampers will be required. The mobile tampers shall 
be started £?om a nearly vertical position and used directly against the sides of the tie to be tamped, 
and worked downward past the bottom corner, after which the tool may be tipped down to force the 
ballast directly under the tie. Switch ties shall be heavy tamped under each rail to a point twelve 
(12) inches on either side of each rail. Light tamping only shall be permitted between the above - 
stated limits. Each tie shall be thoroughly inspected as to compactness of ballast under the tie by 
means of sounding devices, and any tie found not to be solidly embedded in ballast shall be re- 
tamped. 

In paved areas, the ballast shall be dressed one (1) inch above top of tie. 

Track Testing and Acceptance 

- ---_ The track shall be surveyed by the Contractor upon completion of the work to ensure no differential 
settlement has occurred over the affected work area. Upon completion of work the Contractor shall 
coordinate a test engine with PHI, and the Engineering Division over the affected track work for 
inspection and acceptance of the work. 

C I A R  HD-Permit Requirements 
August, 2003 



RAILROAD WORK PLAN - DATE: 

REQUIREMENTS WHEN WORJCfNG WITHIN, ADJACENT TO, ABOVE, OR 
BENEATH RAILROAD RIGHT-OF-WAY 

START DATE: 

DURATION (Start & End Date): Start on and Ending on 

TRACK LOCATION: Track number track located 
(See attached plan). 

START & STOP TIMES: Begin each day at and end at 

DESCRTPTION OF WORK: The work includes 

(see attached plah). 

WORK CREW: The work will be performed by . The equipment used 
will be 

SAFETY PROTECTION: 

The work plan is submitted ten (10) days in advance of any work within twenty (20) feet of 
track centerline. Prior to start of work, will request a watch person 
training session from Pacific Harbor Line (PHL) for all work-crew working within 20 feet of 
the railroad track for the safety of the contractor's personnel only. Watch persons are not an 
approved method of protection for working equipment. Once the watch person training is 
completed, we will submit an approved list to the Engineer prior to working within 20 Feet 
of the track centerline. 

If equipment is within ten (10) feet from the track centerline, then a flag person will be 
required. Flagging to be provided by Pacific Harbor Line (PHL) only. When a Flag Person 
is required, a new work plan request will be submitted to the Engineer and PHL a minimum 
of ten (10) working days prior to any work being performed. If a full track closureioutage is 
necessary, a minimum notice of ten (10) working days will be provided to the Engineer and 
PHL for each track closure. The Railroad track closure will be at the full discretion of the 
Engineer and PHL. The PHL contact is Bob Giannoble (310-834-4594). 

Note: The Contractor shall submit the Railroad Work Plan to the Ports Construction 
Manager for approval by the Manager of Rail Transportation Systems (562-590-4140). All 
related permits shall be obtained prior to submitting the @orlcplan. 

October 26,2005 



RAILROAD 
SPECIAL PROVISIONS 



RAILROAD TRACK CONSTRUCTION 

1.0 GENERAL 
1.1 Track materials and special trackwork shall conform to recommendations set forth in the most 
current AREMA Manuals. 

1.2 Track components design shall be standardized to facilitate maintenance and minimize the 
inventory of materials. 

2.0 EARTHWORK 
2.1 The material to be used for embankment fill shall be provided by the Contractor from a suitable 
source. Fill material shall be approved by the Engineer prior to being placed on site. 

2.2 The material to be used for fill shall be relatively non-expansive soils with an Expansion Index of 
less than 35. The on-site soils (including non-contaminated ballast) less any debris or organic matter 
may be used. 

2.3 Material for structural backfill shall be provided by the Contractor from an off-site borrow site. 
Structural backfill shall conform to Caltrans Standard Specifications. Section 19-3. except that jetting 
of material shall not be allowed. 

2.4 Material for pervious backfill shall be provided by thc Contractor from an off-site source, and 
conform to Caltrans Standard Specification Section 19-3.06. 

2.5 Sub-drains and geotextile filter fabric are required for drainage of all track systems. 

2.6 The exposed bottom of all cxcavations or surfacc to rcceive fill shall bc scarified to a depth of six 
(6) inches. moisture conditioned to optimum moisture content. and compacted to at least ninety (90) 
percent relative compaction per ASTM 1557. 

2.7 The uppermost of two (2) feet of railroad subgrade, and all subballast, shall be compacted to at 
least ninety fivc (95) percent of the maximum dry density as deternlined in accordance with ASTM 
D1557.2.8 Fill shall bc placed in layers not exceeding cigllt (8) inches in thickness and conform to 
Caltrans Specification 19-3. 

3.0 TRENCH EXCAVATlON AND BACKFILL 
3.1 Excavation and backfill shall be in accordance with the SSPWC subsection 306- 1.1 "Trench 
Excavation" and 306.1.3 "Backfill and Densification" and Los Angeles Standard Plan No. S-610-21. 
unless othenvise specified on the plans. 

3.2 Excavations for pipe laying or conduit shall be per City of Los Angeles Standard Plan No. S-25 1 - 1 .  
ilnless othenvise noted on the plans. 

3.3 Prior to excavating adjaccnt to and within six (6) feet. of a subsurface installation. excavate 
potholes per Section 62.03.1 of the Los Angeles Municipal Code and positively determine the 
elevation and location of the subsurface installation. 



4.0 GEOTEXTILE IIEINE'OHCING 
Geotextile material shall be requircd for drainage between thc subballast and the subgrade. 

4.1 Geotextile material type shall be as follows: 
MIRAFI type 140N for under drains 
MIRAFI type 600X for subgrade crossing areas. 
MIRAFI type 1 160N for track subgrade areas. 

4.2 Geotextile material shall conform to section 213-2 "Geotextiles" of the latest edition of the 
SSPWC. 

4.3 Geogrid shall be placed on geotextile or between subballast and subgrade to increase subgrade 
strength for railyard and crossing areas. Geogrid material shall be Tensar SS 1. Geogrid material shall 
conform to section 2 13-2 "Gcotextiles"of SSPWC. 

5.0 STORiiI DRAIN SYSTEM- UNDERDRAINS 
All trackage shall be designed with adcquate sub-drainage. 

The following shall apply in thc dcsign of track drainage: 
a. The design stonm shall be a ten (10) year storm for all trackage except SUMPS and SAG areas 

where a fifty (50) year storm shall be used. 
b. All sub-drains shall bc the level of the water below the lcvcl of thc ballast. 
c. No ponding of water will be allowed. 
d. All sub drain systcms shall be designed using perforatcd PVC piping, a permcablc drainage 

material and a filler fabric. 

The following criteria shall be used for the drainage piping. 
a. All under drain pipe and fittings shall be eight (8) inches in diametcr schedule eighty (80) PVC 

with elastomatic asphalt joints and fittings in accordance with ASTM F578. Perforated pipe 
shall be used for all underdrains with solid wall pipe being used only as connector piping. 

b. PVC piping shall be in accordance with ASTM D1758. Schedule eighty (80) pipe compounds 
shall be in accordance with ASTM 1784. 

c. Joint material shall be a solvent cement in accordance with ASTM D2564. 
d. Underdrain outlets and risers shall be fabricated of ductile iron or corrugated metal. They shall 

be painted blue and marked "POLB" and "0". and spaced evenly tllrce hundred (300) feet. 

Sub-drains pipe shall havc geotextile filter fabric wrapped in crushed filter rock. The filter rock shall 
confornl to the following gradation: 

Sieve Percentage 
Size Passing 
314" 100 
318" 30- 100 
NO. 4 0-30 

Filter fabric for subdrains shall bc manufactured from polyestcr, nylon, or polypropylcnc material. or 



any combination thereof. The fabric shall be permeable, non-woven. shall not act as a wicking agent 
and shall conform to the following: 

Weight. ounces per square yard min. 4.0 
ASTM Designation D3776 

Grab tensile strength (I inch grip) Ibs. 90 
Min. each direction ASTM D 4632 

Elongation at Break, percent min. ASTM D 4632 3 0 
Toughness. pounds. min. (%elongation x grab tensile strength) 6000 
Permittivity, llsec.. min. ASTM D4491 0.5 

If filter fabric is to be exposed for more than seventy two (72) hours. all fabric shall be treated with 
Ultraviolet Ray (UV) Protection. The treated fabric shall provide a minimum of seventy (70) percent 
breaking strength retention aftcr five hundred (500) hours exposure when tested in accordancc with 
ASTM D4355. 

7.0 DEhlOLITION AND REMOVAL OF EXISTING TRACK 
Track removal shall consist of removing all material from the bottom of the subballast to the top of rail 
for the length as shown on the project plans. All material removed will be the contractor's for 
disposallsalvage except for special track work such as turnouts, railroad grade crossings and signal 
systems. For disposal of these items. the contractor shall contact the POLB Manager of Railroads for 
direction. Demolition work shall not interfere with the operation of existing railroad or vehicular 
traffic. 

8.0 SUBBALLAST 
8.1 Subballast material shall bc in accordance with SSPWC Section 200.24, Crushed Miscellaneous 
Base, subscction 200-2.4.2, "Grading", Table 200-2.4.2 (A) Fine Gradation. The gradation shall be as 
follows: 

Sieve Size Percent Passing (Fine) 
1" - 1 112" 100 
314" 85- 100 
318 55-75 
NO. 4 30-50 
NO. 30 12-28 
No. 200 2-10 

8.2 Subballast material must be submitted to the Engincer for approval prior to use. 

8.3 Placing, spreading and cornpaction of crushed aggregate base subballast material shall be in 
accordance with SSPWC subsection 30 1-2.2, "Spreading" and 30 1-2.3. '-Compacting". Compaction 
shall be ninety five (95) percent relative compaction. 

8.4 A geotextile filter fabric shall be placed at the base of the subballast throughout areas of all tracks 
including turnouts and grade crossings. 

8.5 Subballast depth shall be as follows: 



a. Subballast shoulder width shall be twelve (1 2) inches below ballast on niainlinc tracks, 
intermodal container stack train storage yard tracks, intermodal container stack train 
loading/unloading tracks, and mainline yard tracks. Use as required for industrial service 
tracks and other yard tracks. 

b. Subballast material shall conform to section 200.2.4 (CMB), per SSPWC fine gradation. 
c. A geotextile filter fabric shall be placed at base of Subballast throughout areas of all tracks 

including turnouts and grade crossings. 
d. Subballast shall conform to AREMA Chapter 1 -Roadway and Ballast: Part 2 - Ballast: Section 

2.1 1 - Subballast specifications for site specific calculation of total/subballast thickness. 

8.6 Subballast shoulder width shall be as follows: 
a. Subballast shoulder width shall be thirteen (13) feet from centerline on mainline tracks and 
twelve (12) feet from centerline elsewhere. 

9.0 BALLAST 
Ballast matcrial shall be in accordance with the following: 

9.1 Ballast material shall be in accordance with AREMA specifications excluding slag and limestone. 

9.2 Ballast shall consist of crushed stone with angular fragments resulting from crushing by 
mechanical means using the following types of rocks quarried from undisturbed, consolidated deposits: 
granite and similar igneous rocks: extrusive igneous rocks: or massive ~iietaniorphic quartzite or 
similar rocks. Cn~shcd gravel is not acceptable. 

9.3 Gradation testing shall bc in accordance with ASTM C-136. utilizing square opening sieves in 
accordance with ASTM E- I I .  When testing the ballast material show a loss of not more than five (5) 
percent at the end of one hundred (100) revolutions and not more than thirty (30) percent at the end of 
five hundred (500) revolutions. 

9.4 Ballast material shall meet the requirements of AREMA number 4A in all track areas. 

9.5 For typical track construction provide ballast foundation with percentage passing each sieve falling 
within the following limits (Ballast size 4A). 

Sieve Size 
Sieve Opening 
2%'' 2.50" 
2" 2.0" 
1 %" 1.50" 
1" 1 .O" 
%" 0.75" 
%" 0.50" 
318" 0.375" 
No. 4 0.187" 

Percent Passing 
by Weight 
100 
90 - 100 
60 - 90 
10 - 3 5  
0 -  10 

0 - 3 

9.6 Property requirements as indicated in AREMA Table 2-1 for "Quartzite" 
Percent by Weight 



Soft and friable pieces 0.5 
Materials finer than No. 200 sieve 1.0 
Clay lumps 0.5 

9.7 Determination of ballast bulk density shall be in accordance with the ASTM C29. using three (3) 
inch nominal maximum size. 

9.8 Particles of the ballast shall have been broken by the crusher and have at least two (2) broken 
surfaces. 

9.9 Boulders which will pass through a five (5) inch circular opening before crushing shall be rejected. 

9.10 Ballast depth shall be as follows: 
a. Timber andlor Concrete Ties - Ballast depth shall extend not less than twelve (12) inches below 

bottom of tie for the f i l l  length of the tie and shoulders. 

9.1 1 Ballast shoulder width shall be as follows: 
a. Ballast shoulder width shall be a minimum of twelve (12) inches beyond the edge of the tie. 
b. Ballast shoulder width shall be twelve (12) inches on mainline tracks, intermodal container stack 

train storage yard tracks, mainline sidings: and mainline yard tracks. 

9.12 Ballast Source Control 
a. Representative samples of ballast, of not less than one hundred fifty (1 50) lbs. for gradation and 

other required tests shall be taken fiom each source of ballast and tested as specified herein. 
Each shipment of ballast to the site shall be accompanied by a certification as specified. 

b. Certified results of the tests required to demonstrate conformance with this Design Criteria shall 
be provided prior to any material being used for the work. 

c. The ballast delivered to the site shall be from the same source from which samples were tested 
and found to be in accordance with this criteria and shall be of the same type and quality of that 
which was tested. 

9.13 Ballasting 
Ballasting is the spreading, watering, rolling, tamping, and dressing of ballast rock to bring the rails to 
grade and alignment. Ballast shall be installed as follows: 

a. Ballast shall be placcd in two (2) lifts. Each lift shall be compacted with a minimum ten (10) ton 
roller until no waving or creeping occurs. 

b. Ballast shall be tampcd with an eight (8) head tamping machine,  s sing not less than three (3) 
insertions per tie. 

c. Ballast shall be placed one (1) inch higher than the top of tie to provide a separate lining between 
asphalt and the tic. 

10.0 CRUSHED WALKWAY ROCK 
a. Walkway Rock shall be of the same quality material specified for ballast shall conform to the 

gradation requirements for size No. 5 Table 2-2 Section 2.4, of the AREMA manual. 
b. Crushed W a h a y  Rock shall be placed two (2) inches in depth where required. 
c. The percent passing each sieve shall be as follows: 



Sieve 
Size 
1"- 112" 
1 " 
314" 
112" 
318" 
No. 4 

Percent Passing 
by Weight 
100 
90- 100 
40-75 
15-35 
0-15 
0-5 

1 1.0 PERMANENT TRACK CONSTRUCTION 
Trackwork for projects will be typical ballasted track construction. 

1 1.1 BALLASTED TRACK 
a. Ballasted track shall be the primary type used for track work constructed at grade. It shall 

consist of subballast, ballast. cross-ties. rails, and rail fasteners. 
b. The top of ballast elevation shall be one (I)  inch below top of tie, except in the area six (6) 

inchcs on either side of the rail where the ballast shall be cribbed to maintain one (1) inch of 
clearance between the bottom of the rail and the top of ballast. 

c. Ballast conforming to AREMA size No. 4A shall be used for all track areas. 
d. At locations where subgrade material is unsuitable. a stabilizing course of compacted fill or 

asphalt shall be utilized. 

1 1.2 TRACK GAUGE 
a. The standard track gauge shall be four (4) feet eight and one half (8%) inchcs. Track gauge 

shall be measured between the gauge sides of the heads of rails at a distance of 518 inch below 
the top of rails. Wider gauges shall be used in some cunfes. depending upon the degree of 
cunrature. Track gauges shall follow AREMA tables of practical gauges and flangeways for 
curved track, plan no. 791-59. 

b. Gauge widening shall be distributed through the spiral curve for a spiral-circular-spiral type 
curve. For circular curves without spirals, the gauge widening distance shall be distributed by 
placing half the distance on the tangent and half on the circular curve. c. Gauges for special 
trackwork shall be as recommended in the AREMA portfolio of trackwork plans except as 
modified to reflect the physical and operational characteristics of the system. 

1 1.3 TRACK CONSTRUCTION TOLERAVCES 
a. Track construction tolerances are determined by taking into consideration safety. speed of 

operation and type of service to be provided. All new track construction shall be constructed as 
class 5 in accordance with FRA Title 49, Part 2 13. Track shall be constructed to the tolerances 
shown in the following table: 

Vertical Track Alignment Horizontal Track Alignment 
Type of Gauge Cross Level Total Middle Total Middle 
Track Variation Variation Deviation Ordinate in Deviation Ordinate In 

62' Chord 63' Chord 
Mainline +/- 118" +I- 1/8" +/- 112" +/- 118" +/- 112" +/- 114" 
Track 
Yard Track + 1.4" - 118" +/- 114'' +I- 112" +/- 1/4" +/- 1/2" +/- 1/4" 
Notes: 

(1) Variations of gauge and cross level shall not exceed 1/8" per 3 1 ' of track. 



(2) Total deviation is nicasured between the theoretical and actual alignrncnt at any point in thc track. 

b. Maintenancc of cxisting track shall be Class 3 in accordance with FRA Title 49, part 213. 

11.4RML 
a. The standard rail section shall be new 136 RE pound Continuous Welded Rail (CWR), meeting 

AREMA material requirements on mainline tracks, intermodal container stack train storage 
yard tracks, intermodal container stack train loadinglunloading tracks, and yard tracks. 

b. Jointed rail may bc used only for temporary track construction or as approved by the Chief 
Harbor Engineer. Second hand (relay) rail may bc used providing it rncets thc requirements of 
AREMA grading for Class 1 and passes ultrasonic testing for the entire lcngth of thc rail. Rails 
shall be either control-cooled carbon steel or special alloy rails as manufactured in accordance 
with the requircmcnts of AREMA. 

c. Rail Hardness - Brine11 Hardness Number (BHN) 
1. For standard strcngth rail used in tangent track and curvcs of lcss than five (5 )  degrees 

the minimum BHN shall bc three hundrcd (300). 
2. For high strength rail used in curves of greater than five (5) degrces and all turnouts thc 

minimum BHN shall be three hundred sixty (360). 

1 1.5 TURNOUTS 
a. Turnout rail size shall be the same as the track size. See Design Criteria for turnout sizc. 
b. All new turnouts shall be constructed of 136-RE rail. 
c. Turnouts shall be continuously welded rail except at specific areas indicating a thirty six (36) 

inch whole joint bar bonded insulatcd which shall be a poly-insulated type. 
d. Switch points, stock rails, closure rails. guard rails, and frog wing rails and all associated 

components shall be fabricated from new. high strcngth (Head Hardened) Rail. 
e. All turnouts shall be equipped with floating heel blocks and adjustable rail braces. Rail braces 

shall bc Bethlehem boltless adjustable braces with boltless adjustable clamps. 
f. All turnouts shall be insulatcd and utilize resilient rail fasteners throughout. 
g. All turnouts shall have electrical conduits and pull boxes for installation of automated powcr 

switching in the future. 
h. All vertical switch rods and gaugc plates shall bc insulated. 

1 1.6 FROGS 
a. Frogs for open-track turnouts shall be AREMA Railbound Mangancsc (RBM) high integrity 

heavy wall thrcc shot explosion hardened steel castings with mitered hccl, extended hccl and 
rail wings with frog base platc and gauge plates utilizing a rcsilicnt fastening system. 

b. Frogs for tracks embedded in pavement shall be one-piccc, solid cast manganese with frog base 
plate and gauge plates utilizing a resilient fastening system. 

c. Frogs shall be radiographed tested in accordancc with AREMA. 
d. Frogs shall have extended legs for thermitc wclding. 

1 1.7 SWITCH POINTS 
a. Switch points shall bc Samson undercut type with Manganese steel tips in accordance with 

AREMA Specifications. 
I .  Manganese steel tips lengths shall be as follows: 
2. Two (2) feet eight (8) inches for No. 8 turnouts 
3. Thrcc (3) foot six (6) inches for Nos. 9, 10. 15. and 20 turnouts. 



b. Switch points shall have adjustable braces. 
c. Switch points shall be straight points with a uniform riser bolted in Manganese steel switch 

point guard. 
d. Switch points, rods, and gauge plates shall all bc insulated. 
e. Switch point lengths shall be as follows: 

1. Sixteen (16) feet six (6) inches for Nos. 8 ,9  and 10 turnouts. 
2. Nineteen (19) feet six (6) inches for No. 11 turnouts. 
3. Twenty six (26) feet zero (0) inches for No. 15 turnout. 
4. Thirty-nine (39) feet zero (0) inches for No. 20 turnouts fabricated from rail 

fifty-six (56) feet long for ficld welding. 
f. Switch point rollers shall be required for all turnouts. 
g. Switch point throw shall be four and three quarters (4-3/4) inch with a tolerance of plus or minus 

one quarter ('A) inch. 

1 1.8 GUARD RAILS 
a. Guard rails shall be raised one (1) inch above top of running rail for all turnouts. 

1. Guard rails shall be boltless and adjustable with a hardened ABC U69 type 
guard bar in accordance with AREMA specifications. 

b. Guard rails shall be hook-flange or boltless-adjustable for Nos. 15 and 20 turnouts. 
c. Guard rail lengths shall be as follows: 

1. Fifteen (1 5) feet for Nos. 8,9, 10 and 1 1 turnouts. 
2. Twenty six (26) feet for Nos. 15 and 20 turnouts. 

d. Guard rails shall be Bethlehem hook flange raised guard rail with plates or an engineer 
approved equal. 

e. Switch point guard shall bc adjustable Manganese steel type. 

1 1.9 SWITCH STANDS 
Switch stands shall be located on the diverging sidc of the turnout. For parallel tracks, the switch stand 
shall be located on the outsidc of the track. All switch stands shall have switch rods and comcctions 
that can be retrofitted to remote - controlled power operation. 

For open ballasted track the following shall apply: 
a. Switch stand shall be high-star, lockablc, non-trailable on mainline tracks. 
b. Adjustable switch stand shall be ABC Tri-Glide 22-E. 
c. Targct shall be low mast fastened sturdy and highly reflective with green and red colors. 
d. Headblock ties shall bc sixteen and a half (16.5) feet for switch stands located on outside of 

track and have a minimum clearance of eight and a half (8.5) fcct from track centerline to 
switch stand. 

e. Ileadblock ties shall be fourtecn (14) feet for switch stands locatcd bctween tracks and have a 
minimum clearance of six (6) feet from track centerline to switch stand. 

For track embedded in pavement the following shall apply: 
a. Switch stands shall be enclosed, parallel-throw in-pavement typc such as Racor 336-EC flush 

with pavement. 
b. Switch throw assemblies shall be supplied with all boxes and components for use in pavement. 

The lid shall open to a position that provides convcnicnt access to the switch throw handle, and 



that allows the open lid to rest in a position that i t  will not inadvertently slam shut while the 
train person is operating the switch throw lever. 

c. Paved switch shall have a spring connecting rod. 
d. Vertical switch rods shall be enclosed with steel box cover with ability to support H-25 loading 

(125.000 Ib. Axle load) spread over five (5) square feet. 
e. Steel box covers shall be flush with pavement and top of rail. 

11.10 TURIYOUT SUPPLEMENT FOR PAVED AREAS 
a. All turnouts imbedded in pavement shall utilize special fabricated switch rod access boxes and 

fabricated switch point flangeway guards. 
b. Pavements guards are required for switch points. 
c. Switch points protectors shall be required and located on the inside running rail web area on the 

right side for a right hand turnout or the left side for a left hand turnout. 
d. Turnouts in paved areas shall be welded with thirty six (36) inch six (6) hole joint bar for 

jointed areas. 
e. Paved switches shall have a spring connecting rod. 
f. Guard rails shall be flush with the running rail. 
g. Switch and connecting rod boxes shall be flush with the pavement with ability to support H-25 

loading (125,000 lb. Axle load) spread owner five (5) square feet 

1 1.1 1 RAlL ANCHORING 
a. In conventional ballasted track construction, where timber ties and track spikes are used, rail 

anchors shall be applied. Details shall be in accordance with AREMA standard plans. 
b. Rail joints shall be used where rail welding is not practical or where rcquired by signal track 

circuits. 
c. Thirty-six (36) inch long, six (6) hole joint bars shall be used at rail joints. Drilling. punching. 

and track bolts shall be as specified by AREMA standard plans. 

1 1.12 INSULATED JOINTS 
Where required by thc track signal circuits. insulated rail joints shall be installed. These shall be 
prefabricated bonded joints and shall mcet the following track requirements: 

a. Insulated joints shall be six (6) hole Allegheny-type, cpoxy bonded, field fabricated. 
b. For installation in CWR (I-bonds) shall be six (6) hole Allegheny-typc. epoxy-bonded, pre- 

fabricated from new rail twenty (20) feet long for field welding in place. 
c. For installation in jointcd rail I-bonds shall be six (6) whole bolted Allegheny-types for field 

installation. 

The following shall apply for electrical continuity testing of bonded insulated joints: 
a. Perform separate tests between the running rails. and between the bar and the running rails. 
b. Individual tests of the electrical resistance between each of the running rails and the bar shall be 

greater than ten thousand (1 0.000) ohms. 
L 

c. The electrical rcsistancc between the running rails shall be greater than thirty thousand (30.000) 
ohms. 

1 1.13 INSULATED RESILIENT FASTENERS (IKF) FOR CONCRETE TIES 
The following shall apply for IRF for concrete ties: 

a. Insulated resilient fasteners with rail seat abrasion pads and iron shoulders shall be used on all 



trackage with concrete ties. 
b. Pandrol E-2055 clips, Safelok or an Engineer approved equal shall be used as clips to concrete 

ties. POLB prefers the use of Safelock clips. 
c. Two (2) clips shall be used on each base plate 
d. When IRF are used with wood ties. the plates and hold-down screws shall be of a type 

approved for use with LRF by the LRF manufacturer. 

1 1.14 ANCHORS ON TIMBER TIES 
The following shall apply for anchors on timber ties: 

a. Anchors shall be sixteen (1 6) per each thirty-nine (39) feet of rail. 
b. Box anchor every other tie on CWR. 
c. All anchors shall be in accordance with AREMA standards. 

1 1.15 TIE PLATES 
The following shall apply for tie plates: 

a. Tie plates for timber ties with resilient fasteners shall be seven and three-quarters (7.75) inch by 
sixteen (16) inch for six (6) inch base rail with screw spikes for plate hold-downs and be of a 
type approved for use with resilient fasteners by the resilient fastener manufacturer. 

b. Hole punching shall be six (6) with four (4) to be one (1) inch holes and two-eleven sixteenth 
(1 1116) inch holes. 

c. Tic plates shall be fastened evenly on wood ties within one eighth (118) inch alignment. 

1 1.16 JOLNT BARS 
The following shall apply to joint bars: 

a. Bars shall be thirty-six (36) inch bars with six (6) holes utilizing six (6) inch long one and one 
eighth (1 - 118) inch diameter bolts with four (4) inch thread length. Joint bars are to match the 
rail section. Joint bars are to be insulated. 

b. Hole punching spacing shall be : Two and seven sixteenths (2-7116) inches: six (6) inches; six 
(6) inches: six (6) inches, seven and one eighth (7-118) inches; six (6) inches; six (6) inches; 
and two and seven sixteenths (2-7116) inches in accordance with Chapter 4 of AREMA. 

c. Joint bars shall be six (6) hole bars appropriate for the rail size in accordance with AREMA. 

11.17 SPIKES 
The following shall apply for screw spikes: 

a. Screw spikes shall be used for all newly constructed track with timber ties and turnouts. 
b. Screw spikes shall be six (6) inches long and be able to fit one (1) inch diameter pandrol plates. 

The following shall apply to cut spikes: 
a. Cut spikes can be used for shoofly track. temporary track construction and maintenance as 

necessary. 
b. Rail spikes shall be five -eighths (518) inch x six (6) inch. 
c. Each tie plate in a turnout or horizontal curve shall have two (2) plate holding spikes and two 

(2) rail holding spikes. 
d. Tangent track shall have a minimum of two (2) spikes per tie plate. 
e. Cut spikes shall not be used on curves over six (6) degrees. For curves over six (6) degrees. a 

resilient fastening system shall be used. 



12.0 TEMPORARY TRACK CONSTRUCTION (SHOOFLY TRACK) 
a. Temporary track construction may be required in order to stage some of the site construction 

work while maintaining rail service. This temporary track work may be accomplished with 
timber ties and relay rail. Relay rail shall bc Class 1 in accordance with AREMA standards. 

b. If timber ties are to bc used, the tie spacing shall be nineteen and one half (19.5) inches, center 
to center. Jointed rail sticks shall not be less than thirty-three (33) feet in length. 

c. Tolerances shall be the same as permancnt track construction. 
d. It is the responsibility of the Contractor to remove this temporary work at the appropriate time 

and to dispose/salvage all materials. 

13.0 CONTlNUOUSLY WELDED RAIL (CWR) 
The Work specified in this section consists of providing rails, fabricating rails into continuous welded 
rail (CWR) strings using thc clcctric flash butt welding method, inspecting, testing, shipping and 
delivering the CWR strings to the project work site. 

13.1 RAIL 
a. Rail shall be 136 CWR per AREMA. 
b. Procedures, material testing and other submittals listed in AREMA standards and herein are to 

be made to the Engineer and approved prior to iniation of thc specific activity. 
c. All new rail shall be 136 RE Ib meeting the requirements of Chapter 4, Part 2 "Specifications for 

Steel Rails" of AREMA and Supplementary Requirements S2 "Manual Ultrasonic Testing". 
d. Prior to the start of welding, a CWR schedule shall be submitted listing the lengths of CWR 

strings to be fabricated and the location of each string in thc finished track. Also included in 
the submittal shall be a schedule of CWR lengths and the CWR string designation system. 

c. Prior to the start of wclding submit drawings and specifications of the proposed equipment, 
materials. methods and procedures to be used for thc electric flash butt welding process for 
joining of the rail. lrlclude layouts of the welding line showing locations of welding 
components. 

f. Prior to transportation of the rail, submit procedures for transportation of the CWR to work site, 
proposed off-load locations and timing. stockpiling and handling procedures. 

g. Perform flash butt welding and testing of tllc rail to the requirements of Chapter 4, Part 2 
"Specifications for Fabrication on Continuous Welded Rail". 

h. The fabrication of the CWR shall be done offsitc. 
i. Weld CWR strings to minimum delivered lcngths at work site of. At grade crossings, strings 

equal to the width of the crossing plus forty (40) feet twcnty (20) feet on each side of crossing 
measured along the ccntcr line of track) will be pernlitted. A minimum of twcnty (20) feet is 
required betwcen the end of the crossing panel and the first wcld. 

j. Cut out and reweld rejected welds with a minimum of nineteen (19) fect - 6 inch plugs. This 
work shall bc at the Contractor's cxpense. 

k. Bolt holes are not permitted except for insulated joints. 

13.2 RAIL CUTTING AND PREPARATION OF ENDS 
a. Saw cut or abrasivc disc-cut rails used for electric flash butt welds square and clean by means of 

accepted equipment. 
b. Torch cutting of rail is prohibited. 
c. Prepare the head and base of rails prior to welding by removing mill scale down to bright metal 

for a length of approximately six (6) inches from thc welding end. 



d. Remove all burrs from the rail end area where the welding current canying electrodes contact 
the head and base of the rail. 

e. Holes are not permitted in the rail. 
f. Torch cut rails at the end of CWR strings must be saw cut a minimum of six (6) inches from thc 

torch cut end or three (3) feet fiom a shop weld prior to welding. 

13.3 RAIL DESTRESSING PROCEDURE (BY MECHANICAL PULLLNG) 
Rail Destressing shall be in accordance with AREMA and the following: 

a. Upon track construction at the proposed alignment, place joint bars between each four hundred 
eighty (480) foot lcngth of ribbon rail. 

b. Placc ballast material in and around track tie cribs and surface track to its alignment and grade. 
c. Weld rail lengths to nine hundred sixty (960) feet each. 
d. Calculate the elongation required to bring the rail into equilibrium using the thermal expansion 

equation: 
"L = a(T)L = (TD - TA)L 
Coefficient of thermal expansion = 6.5x0.000001/F0 
TD = design temperature (FO) 
TA = actual temperature (FO) 
L = rail length (ft.) 

e. Unclip the rail on each side of the joint. The amount of rail to unclip is based on the amount of 
elongation required. For each inch of rail to pull a minimum of one hundred (100) feet of track 
shall be unclipped on each side of the joint. 

f. The rail to be cut shall be equivalent to the calculated rail equilibrium distance plus one (1) 
inch required for the welding procedure. 

g. Rail pullers will be used to pull the rail to the desired distance. 
h. The rail shall be welded and the pullers will be released once the rail is cooled less than six 

hundred (600) FO. 
i. The clips shall be replaced and the welds ground flush. 

13.4 WELDLNG 
The following method procedures, equipment and materials shall be used for welding CWR. 

a. Thermite welding, materials and equipment shall be as manufactured by "Boutet". 
"Orgotherm", "Elektro-Thermitc", or other Engineer approved equal for standard rail. 

b. Thermite welding, methods and procedures shall comply with the AREMA Manual. Chapter 4, 
"Thermite Welding-Rail Joints- 1980." and with the wclding kit manufacturer's 
recon~n~endations and as specified herein. 

c. Rail ends for thermite welding shall be prepared in accordance with the recommendations of 
the welding kit manufacturer. 

d. For thermite wclding, the rail ends shall be preheated prior to welding to a sufficient 
temperature and for sufficient time to ensure full fusion of the weld metal to the rail ends 
without cracking of thc rail or weld. 

e. The completed weld shall be finished by inechanically controlled grinding to conform to the 
same requirements specified for shop welding. 

f. Welds shall not be made within six (6) inches of bolt holes. or pin holes, or within thrcc (3) feet 
of plant weld. 

g. Manufacturers rccomrnendations shall be used for compromise welds. 
h. For welding heat treated or high strength rails. the recommendations of the rail manufacturer 



shall be followed. 
i. Welds must be in cribs between ties and located no closer than four (4) inches to nearest tie. 
j. Torch cut rails at the end of CWR strings must be saw cut a minimum of six (6)  inches from the 

saw cut end or within three (3) feet of a factory weld prior to welding. 

13.5 FLELD WELDING RECORDS 
a. Field welding records shall be continuously maintained and furnished bi-weekly to the 
Engineer. Records shall include the following details: 

[5 Date and time of weld(s) 
15 Location by station, stating track and rail 
D Contractor's foreman 
C Weather, air and rail tcmperature 
iZ Track condition, anchorage and rail stress 

b. Rail shall bc painted in legible characters at least one and one half (1 -112) inches high at each 
field weld with the following information: 

13 Date of Weld (MO/DAY/YR) 
@ Initials of welder performing weld 
O Air temperature at time of weld (AT XXX) 

Rail temperature at time of weld (RT XXX) 

U Example: 5/5/93 ABC AT90 RT120 

13.6 TOLEIWNCES OF FIELD WELDS 
a. Using a straight edge thirty six (36) inchcs in length, and placing the straight against the welded 

joint area the following tolerances must not be exceeded: 
Rail Head: 

Vertical Offset 0.020 inches 
I-Iorizontal Offset 0.040 inches 
Vertical Crown 0.030 - 0.045 inches 
I-iorizontal Kink 0.020 inchcs 

Rail Base 
I-Iorizontal Offset 0.060 inches 

0 Offset Bending 0.010 per inch 

13.7 FINISHING OF FIELD WELDS 
The following shall apply to thc finishing of welds: 

a. Sharp edges and burrs are to be removed, including chimneys from all welds. All welds shall bc 
ground smooth. 

b. Weld joints shall be snlooth on top and sides and straight in line. No over grinding is 
permitted. 

c. Weld joints shall be smooth on sides and bottom. Offset blending permitted at rate of one 
hundredth (0.01 0) per inch. 

d. Weld joints shall be smooth on both sides to within approximately one eighth (118) inch of 
original contour. Width of remaining upset will be between one half (%) inch and five eighths 
(518) inch. 

13.8 FIELD WELD TESTING 



The following shall apply to the field testing of welds: 
a. Rail welds shall be tested through the use of a testing agency using the Ultrasonic Testing 

Method in accordance with ASTM E 164. 
b. Each completed weld shall have full penetration and complete fusion and be entirely free of 

cracks. Total area of internal defects such as porosity and slag inclusions shall not exceed six 
hundredths (0.060) square inch and the largest single porosity or slag defect permitted shall not 
exceed one eighth (118) inch in diameter. 

c. Other causes for rejection of welds shall be: 
Cracks that show in the finished weld are cause to reject the weld. 
Pit holes that show in the web and base of the weld after finish grinding are cause to reject 
the weld. Pit holes in head not exceeding one quarter (114) inch in depth may be repaired by 
gas welding or as approved by the Engineer. 
Welded joints not meeting these technical provisions and tolerances will replaced at no 
additional cost. The defective weld shall be cut out, and a new section of rail not less than 
thirteen (13) feet long shall be inserted welded and retested at no additional cost. 

13.9 CUTTING IN SHORT SECTION RAIL AND THERhllTE WELDING THE ENDS 
The following procedure shall be used in cutting in short section rail and the thermite welding of rail 
ends. 

a. A short section of rail shall be cut in the CWR, as approved by the Engineer, for the following 
reasons: 

To repair defective rail 
To repair defective welds 

b. Before cutting out rail in CWR, prevent remaining CWR from further movement by applying 
anchors. After cutting CWR, rail expander/puller or other means shall be used to prevent rail 
movement. 

c. The ends of the short rail section and the CWR shall be sawed or abrasive cut. 
d. Follow procedures specified for completing field welding by the thern~ite process. 
e. Repair of rail due to damage by the Contractor shall be at Contractor's expense. 
f. When repairing defective rail or welds, new rail shall be the same length as rail being replaced, 

or as required to achieve thernial adjustment. 
g. If secondhand rail was originally installed. replacement is to be in kind. 

13.10 TOLERANCES IN ELECTRIC FLASH BUTT WELDS 
Tolerance in electric flash butt welds shall be in accordance with tolerances set forth in the AREMA 
Manual. Chapter 4, Part 2, Section "Specifications for Fabrication of Continuous Welded Rail - 1983." 

13.1 1 ULTRASONIC TES'I'ING OF PRODUCTION WELDS 
The following shall apply for the Ultasonic Testing of Production Welds: 

a. Test all welds ultrasonically at the welding plant for defects in accordance with ASTM E l  64 
using an inspection team approved by POLB. The cost for testing is to be borne by the Vendor. 

b. The POLB will perform weld testing on field welds through the iisc of an inspection agency 
conducting ultrasonic testing. 

13.12 REPLACEMENT OF DEFECTIVE WELDS 
Defective flash both production welds giving fault indications in Magnetic Particle or Ultrasonic 
Inspection during production shall be cut-out. rewelded and retested. These repairs shall be done in the 



shop and not left for field repair. 

14.0 CONCRETE TIES All track construction shall utilize concrete ties for rcgular track and timber 
ties for turnouts. The following criteria shall apply for concrete ties: 

a. Concrete ties shall be spaced at a maximum of twenty four (24) inches and not less than twenty 
(20) inches, center to center. On curves of radius less than three hundred (300) feet concrete 
ties shall be used and spaced a maximum of twenty (20) inches and not less than eighteen 
inches (1 8). center to center. 

b. For road crossings the tie spacing shall be in accordance with manufacturers' specifications for 
paving material, for both timber and concrete ties. 

c. Concrete ties shall be of the type referred to as the "Union Pacific Scallop Style" with 
dimensions as follows: 

Length: Eight (8) foot six (6) inches +I- one eighth (118) inch. 
Height, at rail seat: Eight and three quarters (8 %) inches +I- three sixteenths (3116) 
inches 
Base width: Ten and one half (10-112) inches +I- one eighth (118) inch. 
The rail seat shall provide for a cant of one (1) in forty (40) toward the centerline of the 
tie. 
Weight: Maximum weight shall be seven hundred fifty (750) pounds. 
Height. at center of tie: Six and one quarter (6-114) inches, +I- three sixteenths 311 6 
inches. 
Rail pad: Pandrol three (3) part assembly with six point five (6.5) mid polyurethane pad 
in double dimple studded configuration including a nine tcnths (0.9) mm steel plate. 
All concrete ties must be imprinted with the letters POLB on top of the tie. 

d. Standard concrete ties shall be designed to the following bending moment capacities: 
Rail positive seat bending: 300 in-kips 
Center negative bending -200- in-kips 

e. Concrete grade crossing ties shall be ten (10) foot long, flat top, prestressed. in accordance with 
AREMA standards. 

f. Maximum weight for grade crossing ties shall be nine hundred (900) lbs. 
g. Guard rail ties shall bc eight (8) foot six (6) inches long 
h. Concrete Tie Materials: Wire shall conform to ASTM A881. Strand shall conform to ASTM 

A886. Cement shall co~nply with ASTM C150 type 111. Aggregate shall be non-reactive. 
Ductile castings shall comply with ASTM A53665-45-12. Concrete adn~ixtures shall comply 
with ASTM C494 (no fly ash or silica fume may bc used) 

i. Concrete Material Qualification Testing: Aggregates shall be tested to ASTM C227 and C1260 
prior to use. Cement shall be tested to ASTM C112 and C150. Total alkali level of cement shall 
not exceed four tcnths (0.4) percent 

j. Concrete Tie Qualification testing:" Six (6) ties shall be taken at random from the first (3) three 
casts and tested for RS+, RS-, C+, C-. and Bond developn~ent. Ties shall be tested for 
dimensional compliance. Two (2) ties shall be jointly picked by the supplier and the Port's 
representative to show acceptable surface finish. air voids. and spallinghreakage. 

k. Concrete tie Production testing: Concrete ties shall be tested for con~pressive strength using 
four (4) x eight (8) or six (6) x twelve (12) cylinders. A minimum of two (2) concrete cylinders 
shall achieve forty five hundred (4500) psi prior to detensioning.. Concrete twcnty eight (28) 
day compressive strength shall exceed seven thousand (7000) psi (averagc of three (3) 
cylinders) with no individual cylinder less than six thousand five hundred (6500) psi. For each 



production day, at least one (1) tie shall be tested for dimensional conformance, RS+. and C- 
bending. All ties produced shall be inspected visually for defects and certified. 

1. Concrete tie shall be prestressed. mono-block type. 
m. Concrete tie fasteners shall be Safelok Clip 36800. Other components shall include Insulators 

(type 38249), Rail pads (type 38280) and Assembly (type 36192-Al). For curves over two (2) 
degrees shall include insulators type 361 80. For curves over four (4) degrees include Rail, Pad 
Assembly type 383 19. 

n. Protrusion of Pretensioning Tendons - One eighth (118) inch maximum beyond the ends of the 
ties. 

o. Markings - Mark on top of the ties with indented or raised letters to indicate the manufacturer, 
type of tie and year of manufacture and POLB. 

15.0 TlhlBER TIES 
a. Timber ties shall have dimensions as follows: 

Length: Nine (9) feet 
Height: Seven (7) inches 
Width: Nine (9) inches 

b. Timber ties shall be in accordance with Chapter 3 of AREMA. 
e. Timber tie spacing shall be a maximum of nineteen and one half (19.5) inches and a minimum 

of eighteen (1 8) inches. center to center. 
d. All wood ties shall have steel end plates. 
e. Timber tie fasteners shall be Pandrol E-2055 clips. 
f. Timber tie wood treatment shall be in accordance with AREMA. 
g. Switch ties shall have the dimensions for height and width as previously stated, but the length 

shall vary as required. 

16.0 SPECIAL TRACKWOliK MATERIALS 
16.1 GENERAL 
This section specifies the material requirements for complete special trackwork materials including. 
turnouts and crossovers with ties. derails, bolts. lock washers, bu~nping posts and wheel stops to be 
furnished in accordance with Plans and these technical provisions. 

16.2 TURSOUTS AND CROSSOVERS 
a. Turnouts and crossovers shall have switch points with uniform risers. 
b. There shall be no "Laccd Ties". use appropriate "Long Ties". 
c. Electric switches shall be of Model M23A as n~anufactured by Union Switch. or approved 

equal. 
d. Manual switches shall be of Model T-20 as manufactured by Union Switch. or approved equal. 
c. Electric Locks shall be of Model SL-21 or SL-25 as manufactured by Union Switch, or 

approved equal. 
f. Pandrol Type "E" fasteners or an Engineer approved equal. shall be used on all timber turnout 

ties. 
g. Switch ties shall be timber,with Pandrol Type "E" Fasteners or Engineer approved equivalent. 

17.0 DERAILS 
a. The Engineer shall provide a positive method to protect individuals working on rail equipment 

located on other than mainline track. Consideration shall be given to locations of derails, 



grades, on tracks and other derail installation requirements. 
b. Derail type shall bc Wcstem-Cullen-Hayes model I-IBX double end sliding derail. size Nos. 8, 

with standard two (2) tie operated stand with connecting rods and rcflectorizcd low target. 

18.0 BUhlPlNG POSTS 
a. Bolt material and coatings shall be per AREMA Class B specification for rail fastening size. 
b. All bolts shall be new. 

19.0 WHEEL STOPS 
Wheel stops shall be site specific. Wheel stops shall be Western Cullcn Hayes type SH. hinged wheel 
stop. 

20.0 CONCRETE GRADE CROSSINGS 
20.1 GENERAL 
No field welds shall be allowed through crossings or within twenty (20) feet of the end of the crossing. 

20.2 MODULE CROSSINGS 
Concrete grade crossing on POLB main roadways four (4) lanes or more with heavy truck traffic and 
loading shall be as follows: 

a. Grade crossing shall be eleven (1 1) feet wide by five (5) feet long Star Track 11 HD module or 
eight (8) feet wide by five (5) feet long Star Track I1 module with grout holes or ten (1 0) feet 
wide by eight (8) fcct long CXT PTS Prestressed Track Slab System or Engineer approved 
equal. 

b. Module shall sit on twclve (1 2) inches of CAB on twenty-four (24) inches of granular fill 
compacted to ninety five (95) percent, Geogrid to be placed between layers. Geotextile to be 
placed bclow the granular fill. 

c. The roadway approaches to the grade crossing systems shall include a ten (10) feet wide 
concrete reinforced approach slab. The track approaches shall include an eight (8) to one (1) 
approach. 

Concrete grade crossing on POLB secondary roadway with minor truck traffic shall be as follows: 
a. Grade crossings shall be Railroad Common Standard Type 1 OW manufactured by OMNI or 

CXT full depth concrete crossing panel or engineer approved equal. The crossing panels shall 
be prestressed. f i l l  depth with steel frame and pre-attached flangeway filler with precast end 
restraints. 

b. Grade crossing panels shall sit flush evenly to one another with zero gap for tangent track. For 
curved track over four (4) degrees. the gap between panels shall not cxcced one-quarter (114) 
inch maximum gap between panels. 

c. Concrete panels to sit on ten (10) foot long wood ties. on eighteen ( 1  8) inch track centers with 
lag bolts. 

d. The roadway approaches to the grade crossing system shall includc a ten (10) feet wide 
concrete reinforced approach slab. The track approach shall includc an eight (8) to one (1) 
approach. 

e. Geotextilc filtcr fabric shall be placed under all grade crossings between the subballast and the 
ballast. 

f. Tamping of ballast shall not be perfomled until a minimum of eight (8) inches of ballast is 
below the base of cross ties and then precaution shall be taken in setting the tamping feet to 





cancel scheduled Flagmen with written notice to thc Engineer at least forty-eight (48) hours 
prior to the start of the work. Mowever, if the Contractor fails to provide such notice of 
cancellation within the required time, any cost to the City for scheduled Flagmen will be 
withheld from payment due to the Contractor. 

c. The Contractor shall provide qualified Watchmen when working within twenty (20) fcct of the 
track centerline for the safety and protection of thc Contractor's personnel and equipment 
during construction opcrations. Watchmen shall be properly trained and equipped in 
accordance with Title 49, Part 2 14 of the Code of Federal Regulations. The cost of Watchmen 
shall be included within the cost of related bid items for such work. The Pacific Harbor Line 
(PHL) will qualify the Watchmen for the project. The Contractor shall submit an approvcd list 
of PHL traincd watchmen to the Engineer prior to working within twenty (20) feet of the track 
centerline. 

d. Crossing of tracks by the Contractor's equipmcnt other than at public or private road crossings 
is prohibited without specific authorization by the Engineer. 

c. The Contractor shall report any accidents. injuries, track defects, or any unusual track 
conditions which may affect the safe and efficient operation of the railroad to the Engineer by 
the first availablc means of communication. 

f. The Contractor shall be responsible for the prevention of damage to railroad facilities, 
equipment and operating trains due to his activities. In the event the Contractor damagcs 
railroad facilities or equipment, he shall immediately report thc damage to the Engincer. 
Repair of damage caused by Contractor's operations shall be at the expense of the Contractor 
and accomplished to the satisfaction of the Enginccr. 

g. The Contractor shall be rcsponsible for conlpliance with the requirements of the Roadway 
Worker Protection Act (the Act) issued by the FRA. 



me ?omor 

LONG BEACH / The Port of Los Angeles 
v 

lnsurance ~equirements for Joint Revocable PermitlJoint Temporary Entry & Use 
License 

Requestor: C. Tsai 

Name of Licensee/Permitee: Cal Trans 

Division: Engineering 

Division Reference Number: TBD 

Description of OperationsIProject: Heim Bridge Replacement 

Based upon the information provided, the following typesllimits of insurance are required of the 
entity listed above. Please refer to the applicable permitilicense document for complete 
insurance wording requirements. 

[XI General Liability Insurance with minimum limits of $10,000.000 and if written 
with an aggregate, the aggregate shall be double the per occurrence limit. 

IX/ IS0 Form CG 0001 or CG 0002 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional Insured 

Include Products/Completed Operations 

lnclude Contractual Liability - Railroads 

Include Explosion, Collapse, Underground Hazards (XCU) 

Automobile Liability lnsurance with minimum limits of $5,000.000 per accident 

IS0 Form CA 0001 

IX1 Symbol 1 Symbol 2 [7 Symbol 8 Symbol 9 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional Insured 

Workers' Compensation lnsurance (Statutory) 

$1,000,000 Employer's Liability lnsurance 

(XI Statutory U.S.L. & H. lnsurance Statutory Jones Act lnsurance 

Statutory FELA lnsurance 

Waiver of Subrogation in favor of the Port of Long Beach and the Port of 
Los Angeles (required for all coverage checked) 

Revised 811108 



The Port of 

LONG BEACH / The Port of Los Angeles 

lnsufance ~ e q u i r e m e n t s  fo r  Jo in t  Revocable PerrnitlJoint Temporary Entry 8 Use 
License 

€a Watercraft Liability Insurance including Protection & Indemnity and Water 
Pollution Liability with minimum limits of $5,000.000 per loss and S10,000.000 
total all losses. 

@ Bodily Injury Death (XI Mental Anguish 
Cleanup Costs Property Damage Defense Costs 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional lnsured 

Environmental Impairment Liability lnsurance with minimum limits of 
per loss and total all losses. 

On-site Coverage Off-site Coverage Bodily Injury 
Death Mental Anguish Property Damage 
Defense Costs C] Clean-up Costs Sudden & Accidental 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional lnsured 

Contractor's Pollution Liability lnsurance covering all of the contractor's 
operations minimum limits of $5,000,000 per loss and $1 0,000,000 total all 
losses. 

rn On-site coverage IX] Off-site Coverage IX] Bodily Injury 
IX] Death Mental Anguish (XI Property Damage 

Defense costs Clean-up Costs 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional lnsured 

Professional Liability lnsurance with minimum limits of . 

Endorsement naming the Port of Long Beach & the Port of Los Angeles 
as Additional lnsured 

Producers Professional Liability lnsurance with minimum limits of . 

Endorsement naming the Port of Long Beach & the Port of Los ~ng'eles 
as Additional lnsured 

Aircraft Liability Insurance with minimum limits of per occurrence. 

Endorsement naming the Pod of Long Beach & the Port of Los Angeles 
as Additional lnsured 

Revised 8/1/08 



The Port of 

LONG BEACH The Po* of Los Angeles 

lnsurance Requirements for Joint  Revocable PermitlJoint Temporary Entry & Use 
License 

El Garagekeepers Liability Insurance with minimum limits of per loss. 

Endorsement naming the Port of Long Beach &the Port of Los Angeles 
as Additional Insured 

Property lnsurance with no coinsurance clause. 

All Risk Full Replacement Cost 

Builder's Risk lnsurance for property constructed on behalf of the City, 
maintained until full acceptance of the work. 

All Risk 100% of completed Contract costs 
Loss Payee (POLB) Collapse (including resulting from design error) 

El 30-day notice of cancellation to both Ports for all insurance policies (10 
days for non-payment of premium). 

El Miscellaneous: Insurance required to be provided by general contractor 
selected by Cal Trans to replace Heim Bridcle. 

Port of Long Beach Risk ~ l n a ~ e m e n t  Division Contact Information 

Port of Los Angeles Risk Management Division Contact Information 

Name K. Merkovsky Phone # 31 0-732-3971 Date 

Signature: 

Revised 8/IM8 


	07-138201-Haz-Mat-Info(Part-5).pdf
	HZ Contamination Profile 01-001.pdf
	HZ Contamination Profile 02-001.pdf
	HZ Contamination Profile 03-001.pdf
	HZ Contamination Profile 04-001.pdf
	HZ Contamination Profile 05-001.pdf
	HZ Contamination Profile-TABLE-001.pdf
	hz table(replace).pdf
	HZ Contamination Profile-TABLE-001.pdf

	01207940001 R LSI.pdf
	EXECUTIVE SUMMARY
	1.  INTRODUCTION
	1.1. Scope of Work
	1.2. Exceptions to Scope of Work

	2. PROJECT DESCRIPTION
	3. REGIONAL SITE GEOLOGY
	4. INVESTIGATION METHODS
	4.1. Work Plan and Health and Safety Plan
	4.2. Physical Conditions
	4.3. Utility Clearance
	4.4. Soil Boring Locations
	4.5. Soil Classification
	4.6. Soil Sampling
	4.7. Groundwater Sampling
	4.8. Sample Analyses

	5. INVESTIGATION RESULTS
	5.1. Site Sample Analyses
	5.2. Analytical Results
	5.2.1. Organic Compounds
	5.2.2. CAM 17 Metals

	5.3. Quality Assurance/Quality Control (QA/QC)
	5.4. Decontamination and Disposal

	6. DATA EVALUATION AND DISCUSSION
	6.1. VOCs
	6.2. TPH
	6.3. SVOCs
	6.4. CAM 17 Metals
	6.5. pH
	6.6. PCBs
	6.7. Statistical Evaluation for Lead

	7. FINDINGS, CONCLUSIONS AND RECOMMENDATIONS
	7.1. Findings and Conclusions
	7.2. Recommendations

	8. LIMITATIONS AND EXCEPTIONS OF ASSESSMENT


	07-138201-Foundation(Part-6).pdf
	NB SR 103 Off Ramp.pdf
	53-3034K-ltb01.pdf
	53-3034K-ltb02.pdf
	53-3034K-ltb03.pdf
	53-3034K-ltb04.pdf

	542 New Dock Street Off-Ramp Final Foundation Rpt, 05-07-10.pdf
	New Dock St Off Ramp.pdf
	53-3031-ltb01.pdf
	53-3031-ltb02.pdf
	53-3031-ltb03.pdf
	53-3031-ltb04.pdf
	53-3031-ltb05.pdf
	53-3031-ltb06.pdf


	543 New Dock Street On-Ramp Final Foundation Rpt, 05-07-10.pdf
	New Dock St On Ramp.pdf
	53-3033-ltb01.pdf
	53-3033-ltb02.pdf
	53-3033-ltb03.pdf
	53-3033-ltb04.pdf
	53-3033-ltb05.pdf



	07-138201-Foundation(Part-7).pdf
	New Dock St On Ramp.pdf
	53-3033-ltb01.pdf
	53-3033-ltb02.pdf
	53-3033-ltb03.pdf
	53-3033-ltb04.pdf
	53-3033-ltb05.pdf

	SB SR 103 On Ramp.pdf
	53-3035S-ltb01.pdf
	53-3035S-ltb02.pdf
	53-3035S-ltb03.pdf
	53-3035S-ltb04.pdf
	53-3035S-ltb05.pdf
	53-3035S-ltb06.pdf

	545 Schuyler Heim Bridge Final Foundation Rpt, 05-10-10.pdf
	Heim LOTBs.pdf
	53-3032-ltb01.pdf
	53-3032-ltb02.pdf
	53-3032-ltb03.pdf
	53-3032-ltb04.pdf
	53-3032-ltb05.pdf
	53-3032-ltb06.pdf
	53-3032-ltb07.pdf
	53-3032-ltb08.pdf
	53-3032-ltb09.pdf
	53-3032-ltb10.pdf
	53-3032-ltb11.pdf
	53-3032-ltb12.pdf
	53-3032-ltb13.pdf
	53-3032-ltb14.pdf
	53-3032-ltb15.pdf
	53-3032-ltb16.pdf
	53-3032-ltb17.pdf
	53-3032-ltb18.pdf
	53-3032-ltb19.pdf
	53-3032-ltb20.pdf
	53-3032-ltb21.pdf
	53-3032-ltb22.pdf
	53-3032-ltb23.pdf
	53-3032-ltb24.pdf
	53-3032-ltb25.pdf
	53-3032-ltb26.pdf
	53-3032-ltb27.pdf
	53-3032-ltb28.pdf
	53-3032-ltb29.pdf
	53-3032-ltb30.pdf
	53-3032-ltb31.pdf
	53-3032-ltb32.pdf
	53-3032-ltb33.pdf
	53-3032-ltb34.pdf

	Heim.pdf
	1.pdf
	2.pdf
	3.pdf
	4.pdf
	5.pdf
	6.pdf
	7.pdf


	07-138201-Foundation(Part-8).pdf
	Retaining Wall A1.pdf
	53E0147-ltb01.pdf
	53E0147-ltb02.pdf
	53E0147-ltb03.pdf
	53E0147-ltb04.pdf

	552 RW C1 Final Foundation Report, 05-10-10.pdf
	Retaining Wall C1.pdf
	53E0148-ltb01.pdf
	53E0148-ltb02.pdf
	53E0148-ltb03.pdf
	53E0148-ltb04.pdf


	553 RW H1 Final Foundation Report, 05-10-10.pdf
	Retaining Wall H1.pdf
	RWH1-ltb01.pdf
	RWH1-ltb02.pdf
	RWH1-ltb03.pdf
	RWH1-ltb04.pdf


	554 RWs E1-E2 Final Foundation Report, 05-17-10.pdf
	Retaining Wall E1.pdf
	53E0149-ltb01.pdf
	53E0149-ltb02.pdf
	53E0149-ltb03.pdf
	53E0149-ltb04.pdf


	555 RWs G1-G2 Final Foundation Report, 05-10-10.pdf
	Retaining Wall G1.pdf
	53E0151-ltb01.pdf
	53E0151-ltb02.pdf
	53E0151-ltb03.pdf
	53E0151-ltb04.pdf

	Retaining Wall G2.pdf
	RWG2-ltb1.pdf
	RWG2-ltb2.pdf
	RWG2-ltb3.pdf
	RWG2-ltb4.pdf



	07-138201-Miscellaneous(Part-9).pdf
	580 07-138201_BBS information handout.pdf
	BBS (US)      2010-04-13.pdf
	BBS 1250FSM metric
	BBS 1250FSM
	BBS 1250FSP metric
	BBS 1250FSP
	BBS DUIFSM metric
	BBS DUIFSM
	BBS DUIFSP metric
	BBS DUIFSP
	BBS Foundation metric
	BBS Foundation
	BBS_3-13-09.pdf
	BBS 1250FSM metric
	BBS 1250FSM
	BBS 1250FSP metric
	BBS 1250FSP
	BBS DUIFSM metric
	BBS DUIFSM
	BBS DUIFSP metric
	BBS DUIFSP
	BBS Foundation metric
	BBS Foundation

	BBS.pdf
	BBS DUIFSM





	07-138201-Foundation(Part-8).pdf
	Retaining Wall A1.pdf
	53E0147-ltb01.pdf
	53E0147-ltb02.pdf
	53E0147-ltb03.pdf
	53E0147-ltb04.pdf

	552 RW C1 Final Foundation Report, 05-10-10.pdf
	Retaining Wall C1.pdf
	53E0148-ltb01.pdf
	53E0148-ltb02.pdf
	53E0148-ltb03.pdf
	53E0148-ltb04.pdf


	553 RW H1 Final Foundation Report, 05-10-10.pdf
	Retaining Wall H1.pdf
	RWH1-ltb01.pdf
	RWH1-ltb02.pdf
	RWH1-ltb03.pdf
	RWH1-ltb04.pdf


	554 RWs E1-E2 Final Foundation Report, 05-17-10.pdf
	Retaining Wall E1.pdf
	53E0149-ltb01.pdf
	53E0149-ltb02.pdf
	53E0149-ltb03.pdf
	53E0149-ltb04.pdf


	555 RWs G1-G2 Final Foundation Report, 05-10-10.pdf
	Retaining Wall G1.pdf
	53E0151-ltb01.pdf
	53E0151-ltb02.pdf
	53E0151-ltb03.pdf
	53E0151-ltb04.pdf

	Retaining Wall G2.pdf
	RWG2-ltb1.pdf
	RWG2-ltb2.pdf
	RWG2-ltb3.pdf
	RWG2-ltb4.pdf



	07-138201-Miscellaneous(Part-9).pdf
	580 07-138201_BBS information handout.pdf
	BBS (US)      2010-04-13.pdf
	BBS 1250FSM metric
	BBS 1250FSM
	BBS 1250FSP metric
	BBS 1250FSP
	BBS DUIFSM metric
	BBS DUIFSM
	BBS DUIFSP metric
	BBS DUIFSP
	BBS Foundation metric
	BBS Foundation
	BBS_3-13-09.pdf
	BBS 1250FSM metric
	BBS 1250FSM
	BBS 1250FSP metric
	BBS 1250FSP
	BBS DUIFSM metric
	BBS DUIFSM
	BBS DUIFSP metric
	BBS DUIFSP
	BBS Foundation metric
	BBS Foundation

	BBS.pdf
	BBS DUIFSM







