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CALIFORNIA DEPARTMENT OF FISH AND GAME 
SOUTH COAST REGION (REGION 5) 
4949 VIEWRIDGE AVENUE 
SAN DIEGO, CA 921 23 

STREAMBED ALTERATION AGREEMENT 
NOTIFICATION NO. 1600-201 0-01 94-R5 
Tributaries to the Santa Ana River 

ANN T TRUONG 
SR-91 Widening between SR-91ISR-55 interchange and SR-91ISR-241 

This Streambed Alteration Agreement (Agreement) is entered into between the 
California Department of Fish and Game (DFG) and California Department of 
Transportation (Permittee) as represented by Ann T. Truong. 

RECITALS 

WHEREAS, pursuant to Fish and Game Code (FGC) section 1602, Permittee notified 
DFG on 7/16/2010 that Permittee intends to complete the project described herein. 

WHEREAS, pursuant to FGC section 1603, DFG has determined that the project could 
substantially adversely affect existing fish or wildlife resources and has included 
measures in the Agreement necessary to protect those resources. 

WHEREAS, Permittee has reviewed the Agreement and accepts its terms and 
conditions, including the measures to protect fish and wildlife resources. 

NOW THEREFORE, Permittee agrees to complete the project in accordance with the 
Agreement. 

PROJECT LOCATION 

The project is located at multiple unnamed tributaries to the Santa Ana River, in the 
County of Orange, State of California; Latitude 33"511 38.38" N, Longitude 11 7" 46' 
44.08" W; U.S. Geological Survey (USGS) maps: Orange and Black Star Canyon. 

PROJECT DESCRIPTION 

The project is limited to the extension of existing culverts associated with roadway 
widening. A total of 4,400 cubic yards of roadway backfill will be used to fill existing 
earthen, asphalt and concrete ditches and replace them with .0575 acres of bioswale 
andlor bioswale and pipe combinations. The path of flow within the project area will not 
change. The overall project includes 33 drainages, however not all drainages are 
subject to 1600 et seq. notification. Un-named drainages 1,4, 5,6, 7, 13, 14, 15, 16, 

Ver. 02/16/2010 
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17, 18 and 19 are concrete channels that receive runoff flows from SR-91 and flow to 
the Santa Ana River. Un-named drainage 2 is an asphalt lined v-ditch that receives 
runoff flows from SR-91 and flows to the Santa Ana River. Un-named drainages 3, 11, 
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, and 32 are concrete lined v-ditches that 
receive runoff flows from SR-91 and flow to the Santa Ana River. Un-named drainages 
8 and 10 are earthen ditches that receive runoff flows from SR-91 and flows to the 
Santa Ana River. Un-named drainage 9 is an earthen ditch which receives flows from a 
24 inch concrete pipe and meets U.S. Army Corps wetland delineation criteria. Drainage 
33 is the Santa Ana River; however this portion of the project, which had significant 
impacts to wetlands, was removed from the application. Only the following un-named 
drainages are subject to this Agreement: Un-named drainages 8, 15, 16, 18, 19, 21, 22, 
27, 28, and 30, and are proposed to be replaced with a combination of pipes and 
bioswales. A detailed description of the project is contained in the Jurisdictional 
Delineation Report (Caltrans, May 2008), and the Natural Environment Study (Caltrans, 
July 2008). 

PROJECT IMPACTS 

Existing fish or wildlife resources the project could substantially adversely affect include: 
Butterflies: western tiger swallowtail (Papilio rutulus), checkered white (Pontia protodice), 
Orange sulphur (Colias eurytheme); Amphibians: western toad (Anaxyrus boreas), Baja 
California treefrog (Pseudacris hypochondriaca); Reptiles: western fence lizard 
(Sceloporus occidentalis), common side-blotched lizard (Uta stansburiana), Blainville's 
horned lizard (Phrynosoma blainvillii); Birds: turkey vulture (Cathartes aura), red-tailed 
hawk (Buteo jamaicensis), Cooper's hawk (Accipiter cooperii), American kestrel (Falco 
sparverius), mourning dove (Zenaida macroura), Anna's humming bird (Calypte anna), 
Allen's hummingbird (Selasphorus sasin), black-chinned hummingbird (Archilochus 
alexandri), acorn woodpecker (Melanerpes formicivorus), downy woodpecker (Picoides 
pubescens), Nuttall's woodpecker (Picoides nuttalli~], Pacific slope flycatcher (Empidonax 
dificilis), ash throated flycatcher (Myiarchus cinerascens), black phoebe (Sayornis 
nigricans), western kingbird (Tyrannus verticalis), Cassin's kingbird (Tyrannus vociferans), 
northern rough-winged swallow (Stelgidopteryx serripennis), cliff swallow (Petrochelidon 
pyrrhonota), tree swallow (Tachycineta bicolor), barn swallow (Hirundo rustica), western 
scrub jay (Aphelocoma californica), common raven (Con/us corax), American crow (Corvus 
brachyrhynchos) , bush tit (Psaltriparus minimus), Bewick's wren ( Thryomanes bewickil], 
northern mockingbird (Mimus polygloffus), California thrasher (Toxostoma redivivum), 
phainopepla (Phainopepla nitens), coastal California gnatcatcher (Polioptila californica 
californica), yellow-rumped warbler (Dendroica coronata), spotted towhee (Pipilo 
maculatus), California towhee (Pipilo crissalis), red-winged blackbird (Agelaius 
phoeniceus), western meadowlark (Sturnella neglecta), hooded oriole (Icterus cucullatus), 
lesser goldfinch (Carduelis psaltria); Mammals: desert cottontail (Sylvilagus audubonii), 
coyote (Canis latrans), raccoon (Procyon lotor), Yuma myotis (Myotis yumanensis), and all 
other aquatic and wildlife resources, including the riparian vegetation, such as mulefat 
(Baccharis salicifolia), coast live oak (Quercus agrifolia var. agrifolia), arroyo willow (Salix 
lasiolepis), etc. which provides habitat for those species. 

The adverse effects the project could have on the fish or wildlife resources identified 
above include: temporary impacts to 3.782 acres of channel and permanent impacts to 
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0.0575 acres of channel within 10 unnamed tributaries to the Santa Ana River subject to 
1600 et seq. notification and potential construction related impacts to bats and 
burrowing owls. 

MEASURES TO PROTECT FISH AND WILDLIFE RESOURCES 

1. Administrative Measures 

Permittee shall meet each administrative requirement described below. 

1 .I Documentation at Proiect Site. Permittee shall make the Agreement, any 
extensions and amendments to the Agreement, and all related notification 
materials and California Environmental Quality Act (CEQA) documents, readily 
available at the project site at all times and shall be presented to DFG personnel, 
or personnel from another state, federal, or local agency upon request. 

1.2 Providinq Aqreement to Persons at Proiect Site. Permittee shall provide copies of 
the Agreement and any extensions and amendments to the Agreement to all 
persons who will be working on the project at the project site on behalf of 
Permittee, including but not limited to contractors, subcontractors, inspectors, and 
monitors. 

1.3 Notification of Conflictinq Provisions. Permittee shall notify DFG if Permittee 
determines or learns that a provision in the Agreement might conflict with a 
provision imposed on the project by another local, state, or federal agency. In that 
event, DFG shall contact Permittee to resolve any conflict. 

1.4 Proiect Site Entrv. Permittee agrees that DFG personnel may enter the project site 
at any time to verify compliance with the Agreement. 

2. Avoidance and Minimization Measures 

To avoid or minimize adverse impacts to fish and wildlife resources identified above, 
Permittee shall implement each measure listed below. 

2.1 Work Period and Time Limits. The Permittee shall not remove vegetation within 
the stream from March 15 to July 15 to avoid impacts to nesting birds. However, 
the Permittee may remove vegetation during this time if a qualified biologist 
conducts a survey for nesting birds within one week of the vegetation removal, and 
ensures no nesting birds shall be impacted by the project. If nesting birds are 
present, no work shall occur until the young have fledged and will no longer be 
impacted by the project. 

2.2 Siltrrurbiditv/Pollution. Vehicles shall not be driven or equipment operated in water 
covered portions of a stream or lake, or where wetland vegetation, riparian 
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vegetation, or aquatic organisms may be destroyed, except as otherwise provided 
for in the Agreement and as necessary to complete authorized work. 

2.3 SiltTTurbiditylPollution. The Permittee may replace or enhance the earthen ditches, 
concrete v-ditches, and concrete channels with the installation of bioswales to 
improve biofiltration of runoff prior to discharge to the Santa Ana River. 

2.4 Avoidance. The project shall avoid direct impacts to the Santa Ana River 

Avoidance. In order to avoid impacts to nesting birds, any native or exotic 
vegetation removal or tree trimming activities shall occur outside of the nesting bird 
season (February 15-August 31). In the event that vegetation clearing is 
necessary during the nesting season, a qualified biologist shall conduct a 
preconstruction survey to identify the location of nests. Should nesting birds be 
found, an exclusionary buffer shall be established by the biologist. This buffer shall 
be clearly marked in the field under guidance of the biologist, and construction or 
clearing shall not be conducted within this zone until the biologist determines that 
the young have fledged or the nest is no longer active. 

2.6 Avoidance. Inspection and cleaning of construction equipment shall be performed 
to minimize the importation of nonnative plant material, and eradication strategies 
(i.e., weed abatement programs) shall be employed should an invasion occur. 
DFG also encourages removal of highly invasive non native weed species from the 
project area to prevent spread into the project area and adjacent habitat. 

2.7 Avoidance. Vehicles shall not be driven or equipment operated in water covered 
portions of a stream or lake or where wetland vegetation, riparian vegetation, or 
aquatic organisms may be destroyed, except as otherwise provided for in the 
Agreement and as necessary to complete authorized work. 

2.8 Avoidance. In order to ensure that any burrowing owls that may occupy the site in 
the future are not affected by construction activities, preconstruction burrowing owl 
surveys shall be required prior to any phase of construction. If burrowing owls are 
present, Permittee shall contact DFG to determine what mitigation measures may 
be required prior to any activity which may impact the owls. 

2.9 Avoidance. A qualified bat biologist shall survey the project area in June, prior to 
construction, to assess the potential for its use as a maternity roost. The qualified 
bat biologist shall also perform preconstruction surveys and shall include a 
combination of structure inspection, sampling, exit counts, and acoustic surveys. 

2.10 Avoidance. In order to prevent impacts to bridge and crevice-nesting bats, all 
bridgework shall be scheduled between September 1 and November 30 to avoid 
hibernating bats and the maternity season. If this is not feasible, bat exclusion 
devices shall be installed under the supervision of a qualified biologist. Such 
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exclusion efforts must be continued to keep the structures free of bats until the 
completion of construction. All bat exclusion techniques shall be coordinated 
between the District Biologist and DFG. , 

3. Compensatory Measures 

To compensate for adverse impacts to fish and wildlife resources identified above that 
cannot be avoided or minimized, Permittee shall implement each measure listed below. 

3.1 Mitination. Impacts are considered permanent, however, no mitigation is proposed 
or required as conversion of project site earthen ditches, concrete ditches and 
concrete v-ditches along the edges or in the median of the freeway to an 
underground pipe, with a connection to a biofiltration feature to treat freeway runoff 
prior to the discharge through the underground pipe is an improvement to the 
existing environmental conditions. 

3.2 Unauthorized Im~acts. The Permittee shall mitigate at a minimum 5:l ratio for 
impacts beyond those authorized in this Agreement. In the event that additional 
mitigation is required, the type of mitigation shall be determined by DFG and may 
include creation, restoration, enhancement andlor preservation. 

4. Reporting Measures 

Permittee shall meet each reporting requirement described below. 

4.1 Re~ortina -  re-construction. The Permittee shall submit a pre-construction report 
to DFG documenting any occurrences of burrowing owls or bats identified during 
pre-construction surveys and what avoidance actions will be taken as a result. 

4.2 Re~ortina. The Permittee shall submit a post-construction compliance report to 
DFG within thirty (30) days from the date construction is completed. The report 
shall include a summary of project compliance (including noncompliance and 
corrective actions taken to achieve compliance). 

CONTACT INFORMATION 

Any communication that Permittee or DFG submits to the other shall be in writing and 
any communication or documentation shall be delivered to the address below by U.S. 
mail, fax, or email, or to such other address as Permittee or DFG specifies by written 
notice to the other. 

To Permittee: 

Ann T. Truong 
Department of Transportation (Caltrans) 
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3337 Michelson Drive, 3rd floor, #300 
lrvine, Ca, 92612 
(949) 440-4490 
Fax (949) 724-2591 
Ann-T-Truong@dot.ca.gov 

Cc: Arianne Preite (same address as above) 
(949) 724-2704 
Fax (949) 724-2256 
Arianne-Preite@dot.ca.gov 

To DFG: 

Department of Fish and Game 
South Coast Region (R5) 
4949 Viewridge Avenue 
San Diego, Ca 92123 
Attn: Lake and Streambed Alteration Program - Tim Dillingham 
Notification # I  600-201 0-01 94-R5 
(858) 467-4204 
Fax (858) 467-4250 
tdilling@dfg.ca.gov 

LIABILITY 

Permittee shall be solely liable for any violations of the Agreement, whether committed 
by Permittee or any person acting on behalf of Permittee, including its officers, 
employees, representatives, agents or contractors and subcontractors, to complete the 
project or any activity related to it that the Agreement authorizes. 

This Agreement does not constitute DFG's endorsement of, or require Permittee to 
proceed with the project. The decision to proceed with the project is Permittee's alone. 

SUSPENSION AND REVOCATION 

DFG may suspend or revoke in its entirety the Agreement if it determines that Permittee 
or any person acting on behalf of Permittee, including its officers, employees, 
representatives, agents, or contractors and subcontractors, is not in compliance with the 
Agreement. 

Before DFG suspends or revokes the Agreement, it shall provide Permittee written 
notice by certified or registered mail that it intends to suspend or revoke. The notice 
shall state the reason(s) for the proposed suspension or revocation, provide Permittee 
an opportunity to correct any deficiency before DFG suspends or revokes the 
Agreement, and include instructions to Permittee, if necessary, including but not limited 
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to a directive to immediately cease the specific activity or activities that caused DFG to 
issue the notice. 

ENFORCEMENT 

Nothing in the Agreement precludes DFG from pursuing an enforcement action against 
Permittee instead of, or in addition to, suspending or revoking the Agreement. 

Nothing in the Agreement limits or otherwise affects DFG's enforcement authority or that 
of its enforcement personnel. 

OTHER LEGAL OBLIGATIONS 

This Agreement does not relieve Permittee or any person acting on behalf of Permittee, 
including its officers, employees, representatives, agents, or contractors and 
subcontractors, from obtaining any other permits or authorizations that might be 
required under other federal, state, or local laws or regulations before beginning the 
project or an activity related to it. 

This Agreement does not relieve Permittee or any person acting on behalf of Permittee, 
including its officers, employees, representatives, agents, or contractors and 
subcontractors, from complying with other applicable statutes in the FGC including, but 
not limited to, FGC sections 2050 et seq. (threatened and endangered species), 3503 
(bird nests and eggs), 3503.5 (birds of prey), 5650 (water pollution), 5652 (refuse 
disposal into water), 5901 (fish passage), 5937 (sufficient water for fish), and 5948 
(obstruction of stream). 

Nothing in the Agreement authorizes Permittee or any person acting on behalf of 
Permittee, including its officers, employees, representatives, agents, or contractors and 
subcontractors, to trespass. 

AMENDMENT 

DFG may amend the Agreement at any time during its term if DFG determines the 
amendment is necessary to protect an existing fish or wildlife resource. 

Permittee may amend the Agreement at any time during its term, provided the 
amendment is mutually agreed to in writing by DFG and Permittee. To request an 
amendment, Permittee shall submit to DFG a completed DFG "Request to Amend Lake 
or Streambed Alteration" form and include with the completed form payment of the 
corresponding amendment fee identified in DFG's current fee schedule (see Cal. Code 
Regs., tit. 14, $j 699.5). 

TRANSFER AND ASSIGNMENT 
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This Agreement may not be transferred or assigned to another entity, and any purported 
transfer or assignment of the Agreement to another entity shall not be valid or effective, 
unless the transfer or assignment is requested by Permittee in writing, as specified 
below, and thereafter DFG approves the transfer or assignment in writing. 

The transfer or assignment of the Agreement to another entity shall constitute a minor 
amendment, and therefore to request a transfer or assignment, Permittee shall submit 
to DFG a completed DFG "Request to Amend Lake or Streambed Alteration" form and 
include with the completed form payment of the minor amendment fee identified in 
DFG's current fee schedule (see Cal. Code Regs., tit. 14, 5 699.5). 

EXTENSIONS 

In accordance with FGC section 1605(b), Permittee may request one extension of the 
Agreement, provided the request is made prior to the expiration of the Agreement's 
term. To request an extension, Permittee shall submit to DFG a completed DFG 
"Request to Extend Lake or Streambed Alteration" form and include with the completed 
form payment of the extension fee identified in DFG's current fee schedule (see Cal. 
Code Regs., tit. 14, 5 699.5). DFG shall process the extension request in accordance 
with FGC 1605(b) through (e). 

If Permittee fails to submit a request to extend the Agreement prior to its expiration, 
Permittee must submit a new notification and notification fee before beginning or 
continuing the project the Agreement covers (Fish & G. Code, § 1605, subd. (9). . 

EFFECTIVE DATE 

The Agreement becomes effective on the date of DFG's signature, which shall be: 1) 
after Permittee's signature; 2) after DFG complies with all applicable requirements 
under the California Environmental Quality Act (CEQA); and 3) after payment of the 
applicable FGC section 71 1.4 filing fee listed at 
htt~://www.dfa.ca.aov/habcon/ceaa/ceaa chanaes.html. 

TERM 

This Agreement shall expire on 10/20/2015, unless it is terminated or extended before 
then. All provisions in the Agreement shall remain in force throughout its term. 
Permittee shall remain responsible for implementing any provisions specified herein to 
protect fish and wildlife resources after the Agreement expires or is terminated, as FGC 
section 1605(a)(2) requires. 

AUTHORITY 

If the person signing the Agreement (signatory) is doing so as a representative of 
Permittee, the signatory hereby acknowledges that he or she is doing so on Permittee's 
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behalf and represents and warrants that he or she has the authority to legally bind 
Permittee to the provisions herein. 

AUTHORIZATION 

This Agreement authorizes only the project described herein. If Permittee begins or 
completes a project different from the project the Agreement authorizes, Permittee may 
be subject to civil or criminal prosecution for failing to notify DFG in accordance with 
FGC section 1602. 

CONCURRENCE 

The undersigned accepts and agrees to comply with all provisions contained herein. 

FOR CALIFORNIA DEPARTMENT OF 
TRANSPORTATION (CALTRANS) 

h 

lo--1 7-1 o 
Date 

Project Engineer 

FOR DEPARTMENT OF FISH AND GAME 

Stephen M. Juarez Date 

Environmental Program Manager 

Prepared by: Tim Dillingham 
Staff Environmental Scientist 



California Regional Water Quality Control Board 
Santa Ana Region 

Linda S. Adams 
Secretary for 

Environmental Protection 

3737 Main Street, Suite 500, Riverside, California 92501-3348 
Phone (951) 782-4130 FAX (951) 781-6288 TDD (951) 782-3221 

www. waterboards.ca.gov/santaana 
Arnold Schwarzenegger 

Governor 

October 21, 201 0 

Ms. Arm T. Truong 
CalTrans 
3337 Michelson Dr. 3rd Floor, Ste. 300 
Irvine, CA 92612 

REVISED CLEAN WATER ACT SECTION 401 WATER QUALITY STANDARDS 
CERTIFICATION FOR STATE ROUTE (SR)-91 WIDENING PROJECT BETWEEN SR- 
911SR-55 INTERCHANGE AND SR-911SR-241 INTERCHANGE, CITY OF ANAHEIM, 
ORANGE COUNTY (CORPS FILE NO. NOT AVAILABLE) (SARWQCB REFERENCE 
NO. 30201 0-37) 

Dear Ms. Truong: 

This revised certification supersedes the certification dated September 30, 2010 for the 
subject project. On July 16, 2010, we received an application for Clean Water Act 
Section 401 Water Quality Standards Certification (Certification), for the proposed 
widening of State Route (SR) 91 between the SR-55 and SR-241 interchanges, in the 
northeastern portion of the city of Anaheim and the southeastern portion of the city of 
Yorba Linda, Orange County. This letter responds to your request for certification that the 
proposed project, described in the application and summarized below, will comply with 
State water quality standards outlined in the Water Quality Control Plan for the Santa Ana 
River Basin (1 995) and subsequent Basin Plan amendments ("Basin Plan"): 

Project Description: The proposed project will improve capacity and operational 
deficiencies along a six-mile section of SR-91, by adding one 
general-purpose lane in each direction between SR-55 (PM 
9.1) and west of SR-241 (PM 15.1), with the exception of the 
westbound portion of the project, between Imperial Highway 
and SR-55. This project includes: 

1) Widening of the Imperial Highway bridge (Bridge No. 55- 
0474), which crosses SR-91, and the Weir Canyon Road 
Undercrossing (Bridge No. 55-0505) in both the eastbound 
and westbound directions; 

California Environmental Protection Agency 
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2) Construction of a new sound wall along the westbound 
section of SR-91, from Imperial Highway to the Weigh Station; 

3) Construction of a retaining wall (approximately 761 feet in 
length) along the eastbound side of SR-91, at the Lakeview 
Avenue Overcrossing (Bridge No. 55-0475) to accommodate 
the additional lane at this location; 

4) Modify drainage facilities by extending (or relocating) 
existing inlets along the roadway shoulder edges, to conform 
to the newly constructed edges of the roadway's shoulders. 
The reconfigured longitudinal drainage systems will be 
augmented at the new shoulder edges with additional inlets or 
concrete channels/ditches to carry the increased drainage 
associated with the widening of the roadway; and, 

5) Removal and replacement of all existing irrigation systems. 

The project is located within various Sections of Township 3 
and 4 South and Range 8 and 9 West of the' U.S. Geological 
Survey Black Star Canyon, California, 7.5-minute topographic 
quadrangle map (33" 51' 38.38" NI -1 17" 46' 44.08" W). 

Receiving Waters: Santa Ana River 

Fill Area: 5.043 acres of temporary irr~pact to streambed habitat. 
0.057 acre of permanent impact to streambed habitat 

Dredge Volume: NIA 

Federal Permits: US Army Corps of Engineers non-reporting Nationwide Permit 
14. 

You have proposed to mitigate water quality impacts as described in your Certification 
application. The proposed mitigation is summarized below: 

Onsite Water Quality Standards Mitigation Proposed: 

Best Management Practices ("BMPs") will be specified in the project Storm Water 
Pollution Prevention Plan ("SWPPP"). 
Any temporarily-impacted areas will be re-vegetated with native vegetation. 

California Environmental Protection Agency 
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Post construction, permanent structural BMPs will include: slope surface 
stabilization, overside drains, culvert inlet and outlet headwalls and velocity 
dissipation 
Post construction permanent treatment BMPs will include: engineered vegetated 
biostrips and/or bioswales to pre-treat overland storm water sheet flow, prior to its 
discharge to other stormdrain conveyance systems leading to the Santa Ana 
River. 

Offsite Water Quality Standards Mitigation Proposed: None 

Should the proposed project impact state- or federally-listed endangered species or their 
habitat, implementation of measures identified in consultation with U.S. Fish and Wildlife 
Service (USFWD) and the California Department of Fish and Game (CDFG) will ensure 
those impacts are mitigated to an acceptable level. 

Post-construction water quality impacts resulting from the use of the right-of-way 
improvement projects that are certified by this document are addressed by waste 
discharge requirements issued to the Department of Transportation by the State Water 
Resources Control Board in Order No. 99-06-DWQ, NPDES No. CAS000003, and 
si-~bsequent iterations thereof. These requirements include the development and 
implementation of appropriate Best Management Practices for the purpose of removing 
transportation-related pollutants from discharges from Caltrans' rights-of-way and 
easements. 

This Water Quality Certification is subject to the acquisition of all local, regional, state, 
and federal permits and approvals as required by law. Failure to meet any conditions 
contained herein, or any conditions contained in any other permit or approval for this 
project issued by the State of California, or any subdivision thereof, may result in 
appropriate enforcement action, including imposition of administrative civil liability. 

You have applied for a permit from the U.S. Army Corps of Engineers (USACE), in 
compliance with Clean Water Act Section 404. The proposed project is subject to 
USACEs' CWA Section 404 non-reporting Nationwide Permit No. 14. CalTrans 
approved a California Environmental Quality Act (CEQA) Negative Declaration (ND) for 
the project on April 23, 2009. 

Pursuant to California Code of Regulations, Title 14, Chapter 3, Section 15096, as a 
responsible agency, the Regional Board is required to consider an EIR or ND prepared by 
the lead agency in determining whether to approve a Section 401 Certification. A 
responsible agency has responsibility for mitigating and avoiding only the direct and 
indirect environmental effects of those parts of the project, which it decides to carry out, 
finance, or approve. Further, the responsible agency must make findings as required by 

California Environmental Protection Agency 

k3 ReCyced Paper 



Ms. Ann T. Truong - 4 -  October 21, 201 0 

Section 15091 and, if necessary, 15093, for each and every significant impact of the 
project. 

As required by Section 15096, in determining whether to issue water quality standards 
certification for this project, the Regional Board has considered the ND for the proposed 
project and the information provided in CalTrans' application for water quality standards 
certification. 

In the issuance of this Certification, the Executive Officer has considered those sections 
of the ND that relate to water quality. In its ND, the applicant has identified mitigation 
measures for minor impacts to water quality standards the project will cause. Based on 
the mitigation measures proposed in the applicant's ND, and the conditions set forth in 
this Certification, impacts to water quality will be reduced to a less than significant level 
and beneficial uses will be protected. The Regional Board independently finds that 
changes or alterations have been required or incorporated into the project that avoid or 
mitigate impacts to water quality to a less than significant level. 

This 401 Certification is contingent upon the execution of the following conditions: 

1) The applicant must comply with the requirements of the applicable Clean Water 
Act Section 404 permit. 

2 )  Prior to beginning construction, the applicant shall submit a Habitat Mitigation 
and Monitoring Plan (HMMP) that, in coordination with USACE, CDFG and 
USFWS, ensures no net loss of area that supports riparian habitat-related 
beneficial uses associated with the Santa Ana River Reach 2'. 

3) Areas that are temporarily impacted shall be mitigated as proposed. 

4) A copy of this Certification and any subsequent amendments must be 
maintained on site for.the duration of work. 

Under California Water Code, Section 1058, and Pursuant to 23 CCR 93860, the 
following shall be included as conditions of all water quality certification actions: 

(a) Every certification action is subject to modification or revocation upon 
administrative or judicial review, including review and amendment pursuant 
to Section $1 3330 of the Water Code and Article 6 (commencing with Section 
3867) of this Chapter. 

See Chapter 3 and Table 3-1 in "Water Quality Control Plan (for the) Santa Ana River Basin - 
Region 8, 1995," as amended. 
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(b) Certification is not intended and shall not be construed to apply to any activity 
involving a hydroelectric facility and requiring a FERC license or an 
amendment to a FERC license unless the pertinent certification application 
was filed pursuant to Subsection §3855(b) of this Chapter and that 
application specifically identified that a FERC license or amendment to a 
FERC license for a hydroelectric facility was being sought. 

(c) Certification is conditioned upon total payment of any fee required under this 
Chapter and owed by the applicant. 

If the above stated conditions are changed, any of the criteria or conditions as previously 
described are not met, or new information becomes available that indicates a water 
quality problem, the Regional Board may require the applicant to submit a report of waste 
discharge and obtain Waste Discharge Requirements. 

In the event of any violation or threatened violation of the conditions of this certification, 
the holder of any permit or license subject to this certification 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. Violations of the 
conditions of this certification may subject the applicant to civil liability pursuant to Water 
Code section 13350 andlor 13385. 

This letter constitutes a Water Quality Standards Certification issued pursuant to Clean 
Water Act Section 401. 1 hereby issue an order certifying that any discharge from 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 Performance), 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 (Order No. 2003-0017-DWQ), "General Waste Discharge Requirements 
for Dredge and Fill Discharges That Have Received Water Quality Certification" which 
requires compliance with all conditions of this Water Quality Standards Certification. 
Order No. 2003-0017-DWQ is available at: 
www.waterboards.ca.gov/board~decisions/adopted~orders/water~quality/2003/wqo/wqo2 
003-001 7.pdf 
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Should there be any questions, please contact Marc Brown at (951) 321-4584, or Mark 
Adelson at (951) 782-3234. 

Sincerely, 

Kurt V. Berchtold 
Executive Officer 

cc (via electronic message): 
U. S. Army Corps of Engineers, Los Angeles Office - Mark Durham 
U. S. Army Corps of Engineers, Los Angeles Office - Sophia Huynh 
State Water Resources Control Board, OCC - David Rice 
State Water Resources Control Board, DWQ -Water Quality Certification Unit 
U.S. EPA - Supervisor of the Wetlands Regulatory Office WTR- 8 
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GENERAL PERMIT FOR  
STORM WATER DISCHARGES  

ASSOCIATED WITH CONSTRUCTION AND LAND DISTURBANCE 
ACTIVITIES 

 
ORDER NO. 2009-0009-DWQ 

NPDES NO. CAS000002 
 

 
 
IT IS HEREBY ORDERED, that this Order supersedes Order No. 99-08-DWQ 
except for enforcement purposes.  The Discharger shall comply with the 
requirements in this Order to meet the provisions contained in Division 7 of the 
California Water Code (commencing with section 13000) and regulations 
adopted thereunder, and the provisions of the federal Clean Water Act and 
regulations and guidelines adopted thereunder. 
 
 
I, Jeanine Townsend, Clerk to the Board, do hereby certify that this Order with all 
attachments is a full, true, and correct copy of an Order adopted by the State 
Water Resources Control Board, on September 2, 2009. 
 
AYE:  Vice Chair Frances Spivy-Weber 
   Board Member Arthur G. Baggett, Jr. 
   Board Member Tam M. Doduc 
NAY:  Chairman Charles R. Hoppin 
ABSENT: None 
ABSTAIN: None 
 
             

Jeanine Townsend 
Clerk to the Board 

 

This Order was adopted by the State Water Resources Control 
Board on: September 2, 2009 

This Order shall become effective on:   July 1, 2010 
This Order shall expire on: September 2, 2014  



 

 i

TABLE OF CONTENTS 
 
I. FINDINGS ...................................................................................................................................... 1 
II. CONDITIONS FOR PERMIT COVERAGE............................................................................ 14 
III. DISCHARGE PROHIBITIONS................................................................................................. 20 
IV. SPECIAL PROVISIONS............................................................................................................. 22 
V. EFFLUENT STANDARDS ......................................................................................................... 29 
VI. RECEIVING WATER LIMITATIONS .................................................................................... 32 
VII. TRAINING QUALIFICATIONS AND CERTIFICATION REQUIREMENTS................... 33 
VIII. RISK DETERMINATION.......................................................................................................... 34 
IX. RISK LEVEL 1 REQUIREMENTS........................................................................................... 35 
X. RISK LEVEL 2 REQUIREMENTS........................................................................................... 35 
XI. RISK LEVEL 3 REQUIREMENTS........................................................................................... 35 
XII. ACTIVE TREATMENT SYSTEMS (ATS)............................................................................... 35 
XIII. POST-CONSTRUCTION STANDARDS .................................................................................. 36 
XIV. SWPPP REQUIREMENTS ........................................................................................................ 38 
XV. REGIONAL WATER BOARD AUTHORITIES...................................................................... 39 
XVI. ANNUAL REPORTING REQUIREMENTS............................................................................ 40 
 
 

LIST OF ATTACHMENTS 
 

Attachment A – Linear Underground/Overhead Requirements 
Attachment A.1 – LUP Type Determination 
Attachment A.2 – LUP Permit Registration Documents  
Attachment B – Permit Registration Documents 
Attachment C – Risk Level 1 Requirements 
Attachment D – Risk Level 2 Requirements 
Attachment E – Risk Level 3 Requirements 
Attachment F – Active Treatment System (ATS) Requirements 
 

LIST OF APPENDICES 
 

Appendix 1 – Risk Determination Worksheet 
Appendix 2 – Post-Construction Water Balance Performance Standard 
Appendix 2.1 – Post-Construction Water Balance Performance Standard Spreadsheet 
Appendix 3 – Bioassessment Monitoring Guidelines 
Appendix 4 – Adopted/Implemented Sediment TMDLs 
Appendix 5 – Glossary 
Appendix 6 – Acronyms 
Appendix 7 – State and Regional Water Resources Control Board Contacts 
 



  Order 

2009-0009-DWQ 1 September 02, 2009 

 
 

STATE WATER RESOURCES CONTROL BOARD 
ORDER NO. 2009-0009-DWQ 

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM 
GENERAL PERMIT NO. CAS000002 

 
WASTE DISCHARGE REQUIREMENTS 

FOR 
DISCHARGES OF STORM WATER RUNOFF ASSOCIATED WITH 

CONSTRUCTION AND LAND DISTURBANCE ACTIVITIES 
 
I. FINDINGS 
 

A. General Findings 
  
 The State Water Resources Control Board (State Water Board) finds that: 

 
1. The federal Clean Water Act (CWA) prohibits certain discharges of 

storm water containing pollutants except in compliance with a National 
Pollutant Discharge Elimination System (NPDES) permit (Title 33 
United States Code (U.S.C.) §§ 1311 and 1342(p); also referred to as 
Clean Water Act (CWA) §§ 301 and 402(p)).  The U.S. Environmental 
Protection Agency (U.S. EPA) promulgates federal regulations to 
implement the CWA’s mandate to control pollutants in storm water 
runoff discharges.  (Title 40 Code of Federal Regulations (C.F.R.) 
Parts 122, 123, and 124).  The federal statutes and regulations require 
discharges to surface waters comprised of storm water associated with 
construction activity, including demolition, clearing, grading, and 
excavation, and other land disturbance activities (except operations 
that result in disturbance of less than one acre of total land area and 
which are not part of a larger common plan of development or sale), to 
obtain coverage under an NPDES permit.  The NPDES permit must 
require implementation of Best Available Technology Economically 
Achievable (BAT) and Best Conventional Pollutant Control Technology 
(BCT) to reduce or eliminate pollutants in storm water runoff.  The 
NPDES permit must also include additional requirements necessary to 
implement applicable water quality standards.  

  
2. This General Permit authorizes discharges of storm water associated 

with construction activity so long as the dischargers comply with all 
requirements, provisions, limitations and prohibitions in the permit.  In 
addition, this General Permit regulates the discharges of storm water 
associated with construction activities from all Linear 
Underground/Overhead Projects resulting in the disturbance of greater 
than or equal to one acre (Attachment A). 
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3. This General Permit regulates discharges of pollutants in storm water 

associated with construction activity (storm water discharges) to waters 
of the United States from construction sites that disturb one or more 
acres of land surface, or that are part of a common plan of 
development or sale that disturbs more than one acre of land surface.   

 
4. This General Permit does not preempt or supersede the authority of 

local storm water management agencies to prohibit, restrict, or control 
storm water discharges to municipal separate storm sewer systems or 
other watercourses within their jurisdictions. 

 
5. This action to adopt a general NPDES permit is exempt from the 

provisions of Chapter 3 of the California Environmental Quality Act 
(CEQA) (Public Resources Code Section 21100, et seq.), pursuant to 
Section 13389 of the California Water Code. 

 
6. Pursuant to 40 C.F.R. § 131.12 and State Water Board Resolution No. 

68-16,1 which incorporates the requirements of § 131.12 where 
applicable, the State Water Board finds that discharges in compliance 
with this General Permit will not result in the lowering of water quality 
standards, and are therefore consistent with those provisions. 
Compliance with this General Permit will result in improvements in 
water quality. 

 
7. This General Permit serves as an NPDES permit in compliance with 

CWA § 402 and will take effect on July 1, 2010 by the State Water 
Board provided the Regional Administrator of the U.S. EPA has no 
objection.  If the U.S. EPA Regional Administrator objects to its 
issuance, the General Permit will not become effective until such 
objection is withdrawn. 

 
8. Following adoption and upon the effective date of this General Permit, 

the Regional Water Quality Control Boards (Regional Water Boards) 
shall enforce the provisions herein. 

 
9. Regional Water Boards establish water quality standards in Basin 

Plans.  The State Water Board establishes water quality standards in 
various statewide plans, including the California Ocean Plan.  U.S. 
EPA establishes water quality standards in the National Toxic Rule 
(NTR) and the California Toxic Rule (CTR).   

 

                                            
1 Resolution No. 68-16 generally requires that existing water quality be maintained unless degradation is 
justified based on specific findings. 
 



  Order 

2009-0009-DWQ 3 September 02, 2009 

10. This General Permit does not authorize discharges of fill or dredged 
material regulated by the U.S. Army Corps of Engineers under CWA § 
404 and does not constitute a waiver of water quality certification under 
CWA § 401. 

 
11. The primary storm water pollutant at construction sites is excess 

sediment.  Excess sediment can cloud the water, which reduces the 
amount of sunlight reaching aquatic plants, clog fish gills, smother 
aquatic habitat and spawning areas, and impede navigation in our 
waterways.  Sediment also transports other pollutants such as 
nutrients, metals, and oils and greases.   

 
12. Construction activities can impact a construction site’s runoff sediment 

supply and transport characteristics.  These modifications, which can 
occur both during and after the construction phase, are a significant 
cause of degradation of the beneficial uses established for water 
bodies in California.  Dischargers can avoid these effects through 
better construction site design and activity practices. 

 
13. This General Permit recognizes four distinct phases of construction 

activities.  The phases are Grading and Land Development Phase, 
Streets and Utilities Phase, Vertical Construction Phase, and Final 
Landscaping and Site Stabilization Phase.  Each phase has activities 
that can result in different water quality effects from different water 
quality pollutants.  This General Permit also recognizes inactive 
construction as a category of construction site type. 

 
14. Compliance with any specific limits or requirements contained in this 

General Permit does not constitute compliance with any other 
applicable requirements. 

 
15. Following public notice in accordance with State and Federal laws and 

regulations, the State Water Board heard and considered all comments 
and testimony in a public hearing on 06/03/2009.  The State Water 
Board has prepared written responses to all significant comments. 

 
16. Construction activities obtaining coverage under the General Permit 

may have multiple discharges subject to requirements that are specific 
to general, linear, and/or active treatment system discharge types. 

 
17. The State Water Board may reopen the permit if the U.S. EPA adopts 

a final effluent limitation guideline for construction activities. 
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B. Activities Covered Under the General Permit 
 

18. Any construction or demolition activity, including, but not limited to, 
clearing, grading, grubbing, or excavation, or any other activity that 
results in a land disturbance of equal to or greater than one acre. 

 
19. Construction activity that results in land surface disturbances of less 

than one acre if the construction activity is part of a larger common 
plan of development or the sale of one or more acres of disturbed land 
surface. 

 
20. Construction activity related to residential, commercial, or industrial 

development on lands currently used for agriculture including, but not 
limited to, the construction of buildings related to agriculture that are 
considered industrial pursuant to U.S. EPA regulations, such as dairy 
barns or food processing facilities. 

 
21. Construction activity associated with Linear Underground/Overhead 

Utility Projects (LUPs) including, but not limited to, those activities 
necessary for the installation of underground and overhead linear 
facilities (e.g., conduits, substructures, pipelines, towers, poles, cables, 
wires, connectors, switching, regulating and transforming equipment 
and associated ancillary facilities) and include, but are not limited to, 
underground utility mark-out, potholing, concrete and asphalt cutting 
and removal, trenching, excavation, boring and drilling, access road 
and pole/tower pad and cable/wire pull station, substation construction, 
substructure installation, construction of tower footings and/or 
foundations, pole and tower installations, pipeline installations, 
welding, concrete and/or pavement repair or replacement, and 
stockpile/borrow locations. 

 
22. Discharges of sediment from construction activities associated with oil 

and gas exploration, production, processing, or treatment operations or 
transmission facilities.2 

 
23. Storm water discharges from dredge spoil placement that occur 

outside of U.S. Army Corps of Engineers jurisdiction (upland sites) and 
that disturb one or more acres of land surface from construction activity 
are covered by this General Permit.  Construction sites that intend to 
disturb one or more acres of land within the jurisdictional boundaries of 
a CWA § 404 permit should contact the appropriate Regional Water 
Board to determine whether this permit applies to the site. 

                                            
2 Pursuant to the Ninth Circuit Court of Appeals’ decision in NRDC v. EPA (9th Cir. 2008) 526 F.3d 591, and 
subsequent denial of the U.S. EPA’s petition for reconsideration in November 2008, oil and gas construction 
activities discharging storm water contaminated only with sediment are no longer exempt from the NPDES 
program. 
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C. Activities Not Covered Under the General Permit 

 
24. Routine maintenance to maintain original line and grade, hydraulic 

capacity, or original purpose of the facility.  
 

25. Disturbances to land surfaces solely related to agricultural operations 
such as disking, harrowing, terracing and leveling, and soil preparation.  

 
26. Discharges of storm water from areas on tribal lands; construction on 

tribal lands is regulated by a federal permit. 
 

27. Construction activity and land disturbance involving discharges of 
storm water within the Lake Tahoe Hydrologic Unit.  The Lahontan 
Regional Water Board has adopted its own permit to regulate storm 
water discharges from construction activity in the Lake Tahoe 
Hydrologic Unit (Regional Water Board 6SLT).  Owners of construction 
sites in this watershed must apply for the Lahontan Regional Water 
Board permit rather than the statewide Construction General Permit.   

 
28. Construction activity that disturbs less than one acre of land surface, 

and that is not part of a larger common plan of development or the sale 
of one or more acres of disturbed land surface.  

 
29. Construction activity covered by an individual NPDES Permit for storm 

water discharges.  
 

30. Discharges from small (1 to 5 acre) construction activities with an 
approved Rainfall Erosivity Waiver authorized by U.S. EPA Phase II 
regulations certifying to the State Board that small construction activity 
will occur only when the Rainfall Erosivity Factor is less than 5 (“R” in 
the Revised Universal Soil Loss Equation). 

 
31. Landfill construction activity that is subject to the Industrial General 

Permit. 
 

32. Construction activity that discharges to Combined Sewer Systems. 
 

33. Conveyances that discharge storm water runoff combined with 
municipal sewage. 

 
34. Discharges of storm water identified in CWA § 402(l)(2), 33 U.S.C. § 

1342(l)(2). 
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35. Discharges occurring in basins that are not tributary or hydrologically 
connected to waters of the United States (for more information contact 
your Regional Water Board). 

 
D. Obtaining and Modifying General Permit Coverage 

 
36. This General Permit requires all dischargers to electronically file all 

Permit Registration Documents (PRDs), Notices of Termination (NOT), 
changes of information, annual reporting, and other compliance 
documents required by this General Permit through the State Water 
Board’s Storm water Multi-Application and Report Tracking System 
(SMARTS) website. 

 
37. Any information provided to the Regional Water Board shall comply 

with the Homeland Security Act and any other federal law that 
concerns security in the United States; any information that does not 
comply should not be submitted. 

 
38. This General Permit grants an exception from the Risk Determination 

requirements for existing sites covered under Water Quality Orders No. 
99-08-DWQ, and No. 2003-0007-DWQ.  For certain sites, adding 
additional requirements may not be cost effective.  Construction sites 
covered under Water Quality Order No. 99-08-DWQ shall obtain permit 
coverage at the Risk Level 1.  LUPs covered under Water Quality 
Order No. 2003-0007-DWQ shall obtain permit coverage as a Type 1 
LUP.  The Regional Water Boards have the authority to require Risk 
Determination to be performed on sites currently covered under Water 
Quality Orders No. 99-08-DWQ and No. 2003-0007-DWQ where they 
deem it necessary.  The State Water Board finds that there are two 
circumstances when it may be appropriate for the Regional Water 
Boards to require a discharger that had filed an NOI under State Water 
Board Order No. 99-08-DWQ to recalculate the site’s risk level.  These 
circumstances are: (1) when the discharger has a demonstrated 
history of noncompliance with State Water Board Order No. 99-08-
DWQ or; (2) when the discharger’s site poses a significant risk of 
causing or contributing to an exceedance of a water quality standard 
without the implementation of the additional Risk Level 2 or 3 
requirements. 

 
E. Prohibitions 

 
39. All discharges are prohibited except for the storm water and non-storm 

water discharges specifically authorized by this General Permit or 
another NPDES permit. Non-storm water discharges include a wide 
variety of sources, including improper dumping, spills, or leakage from 
storage tanks or transfer areas.  Non-storm water discharges may 
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contribute significant pollutant loads to receiving waters.  Measures to 
control spills, leakage, and dumping, and to prevent illicit connections 
during construction must be addressed through structural as well as 
non-structural Best Management Practices (BMPs)3.  The State Water 
Board recognizes, however, that certain non-storm water discharges 
may be necessary for the completion of construction.   

 
40.  This General Permit prohibits all discharges which contain a 

hazardous substance in excess of reportable quantities established in 
40 C.F.R. §§ 117.3 and 302.4, unless a separate NPDES Permit has 
been issued to regulate those discharges.   

 
41. This General Permit incorporates discharge prohibitions contained in 

water quality control plans, as implemented by the State Water Board 
and the nine Regional Water Boards.   

 
42. Pursuant to the Ocean Plan, discharges to Areas of Special Biological 

Significance (ASBS) are prohibited unless covered by an exception 
that the State Water Board has approved. 

 
43. This General Permit prohibits the discharge of any debris4 from 

construction sites.  Plastic and other trash materials can cause 
negative impacts to receiving water beneficial uses.  The State Water 
Board encourages the use of more environmentally safe, 
biodegradable materials on construction sites to minimize the potential 
risk to water quality. 

 
F. Training 

 
44. In order to improve compliance with and to maintain consistent 

enforcement of this General Permit, all dischargers are required to 
appoint two positions - the Qualified SWPPP Developer (QSD) and the 
Qualified SWPPP Practitioner (QSP) - who must obtain appropriate 
training.  Together with the key stakeholders, the State and Regional 
Water Boards are leading the development of this curriculum through a 
collaborative organization called The Construction General Permit 
(CGP) Training Team.   

 
45. The Professional Engineers Act (Bus. & Prof. Code section 6700, et 

seq.) requires that all engineering work must be performed by a 
California licensed engineer. 

                                            
3 BMPs are scheduling of activities, prohibitions of practices, maintenance procedures, and other 
management practices to prevent or reduce the discharge of pollutants to waters of the United States. BMPs 
also include treatment requirements, operating procedures, and practice to control site runoff, spillage or 
leaks, sludge or waste disposal, or drainage from raw material storage. 
 
4 Litter, rubble, discarded refuse, and remains of destroyed inorganic anthropogenic waste. 
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G. Determining and Reducing Risk 
 
46. The risk of accelerated erosion and sedimentation from wind and water 

depends on a number of factors, including proximity to receiving water 
bodies, climate, topography, and soil type.   

 
47. This General Permit requires dischargers to assess the risk level of a 

site based on both sediment transport and receiving water risk.  This 
General Permit contains requirements for Risk Levels 1, 2 and 3, and 
LUP Risk Type 1, 2, and 3 (Attachment A). Risk levels are established 
by determining two factors:  first, calculating the site's sediment risk; 
and second, receiving water risk during periods of soil exposure (i.e. 
grading and site stabilization).  Both factors are used to determine the 
site-specific Risk Level(s).  LUPs can be determined to be Type 1 
based on the flowchart in Attachment A.1. 

 
48. Although this General Permit does not mandate specific setback 

distances, dischargers are encouraged to set back their construction 
activities from streams and wetlands whenever feasible to reduce the 
risk of impacting water quality (e.g., natural stream stability and habitat 
function).  Because there is a reduced risk to receiving waters when 
setbacks are used, this General Permit gives credit to setbacks in the 
risk determination and post-construction storm water performance 
standards.  The risk calculation and runoff reduction mechanisms in 
this General Permit are expected to facilitate compliance with any 
Regional Water Board and local agency setback requirements, and to 
encourage voluntary setbacks wherever practicable. 

 
49. Rain events can occur at any time of the year in California.  Therefore, 

a Rain Event Action Plan (REAP) is necessary for Risk Level 2 and 3 
traditional construction projects (LUPs exempt) to ensure that active 
construction sites have adequate erosion and sediment controls 
implemented prior to the onset of a storm event, even if construction is 
planned only during the dry season.    

 
50. Soil particles smaller than 0.02 millimeters (mm) (i.e., finer than 

medium silt) do not settle easily using conventional measures for 
sediment control (i.e., sediment basins).  Given their long settling time, 
dislodging these soils results in a significant risk that fine particles will 
be released into surface waters and cause unacceptable downstream 
impacts.  If operated correctly, an Active Treatment System (ATS5) can 
prevent or reduce the release of fine particles from construction sites.  

                                            
5 An ATS is a treatment system that employs chemical coagulation, chemical flocculation, or electro 
coagulation in order to reduce turbidity caused by fine suspended sediment. 
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Use of an ATS can effectively reduce a site's risk of impacting 
receiving waters. 

 
51. Dischargers located in a watershed area where a Total Maximum Daily 

Load (TMDL) has been adopted or approved by the Regional Water 
Board or U.S. EPA may be required by a separate Regional Water 
Board action to implement additional BMPs, conduct additional 
monitoring activities, and/or comply with an applicable waste load 
allocation and implementation schedule.  Such dischargers may also 
be required to obtain an individual Regional Water Board permit 
specific to the area.  

 
H. Effluent Standards 

 
52. The State Water Board convened a blue ribbon panel of storm water 

experts that submitted a report entitled, “The Feasibility of Numeric 
Effluent Limits Applicable to Discharges of Storm Water Associated 
with Municipal, Industrial and Construction Activities,” dated  
June 19, 2006.  The panel concluded that numeric limits or action 
levels are technically feasible to control construction storm water 
discharges, provided that certain conditions are considered.  The panel 
also concluded that numeric effluent limitations (NELs) are feasible for 
discharges from construction sites that utilize an ATS.  The State 
Water Board has incorporated the expert panel’s suggestions into this 
General Permit, which includes both numeric action levels (NALs) and 
NELs for pH and turbidity, and special numeric limits for ATS 
discharges.   

 
Numeric Effluent Limitations 

53. Discharges of storm water from construction activities may become 
contaminated from alkaline construction materials resulting in high pH 
(greater than pH 7).  Alkaline construction materials include, but are 
not limited to, hydrated lime, concrete, mortar, cement kiln dust (CKD), 
Portland cement treated base (CTB), fly ash, recycled concrete, and 
masonry work.  This General Permit includes an NEL for pH (6.0-9.0) 
that applies only at sites that exhibit a "high risk of high pH discharge."  
A "high risk of high pH discharge" can occur during the complete 
utilities phase, the complete vertical build phase, and any portion of 
any phase where significant amounts of materials are placed directly 
on the land at the site in a manner that could result in significant 
alterations to the background pH of any discharges.   

 
54. For Risk Level 3 discharges, this General Permit establishes 

technology-based, numeric effluent limitations (NELs) for turbidity of 
500 NTU. Exceedances of the turbidity NEL constitutes a violation of 
this General Permit. 
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55. This General Permit establishes a 5 year, 24 hour (expressed in inches 
of rainfall) Compliance Storm Event exemption from the technology-
based NELs for Risk Level 3 dischargers.   

 
Determining Compliance with Numeric Limitations 

56. This General Permit sets a pH NAL of 6.5 to 8.5, and a turbidity NAL of 
250 NTU.  The purpose of the NAL and its associated monitoring 
requirement is to provide operational information regarding the 
performance of the measures used at the site to minimize the 
discharge of pollutants and to protect beneficial uses and receiving 
waters from the adverse effects of construction-related storm water 
discharges.  The NALs in this General Permit for pH and turbidity are 
not directly enforceable and do not constitute NELs.   

 
57. This General Permit requires dischargers with NAL exceedances to 

immediately implement additional BMPs and revise their Storm Water 
Pollution Prevention Plans (SWPPPs) accordingly to either prevent 
pollutants and authorized non-storm water discharges from 
contaminating storm water, or to substantially reduce the pollutants to 
levels consistently below the NALs.  NAL exceedances are reported in 
the State Water Boards SMARTS system, and the discharger is 
required to provide an NAL Exceedance Report when requested by a 
Regional Water Board. 

 
58. If run-on is caused by a forest fire or any other natural disaster, then 

NELs do not apply. 
 

59. Exceedances of the NELs are a violation of this Permit.  This General 
Permit requires dischargers with NEL exceedances to implement 
additional monitoring, BMPs, and revise their SWPPPs accordingly.   
Dischargers are required to notify the State and Regional Water 
Boards of the violation through the State Water Boards SMARTs 
system, and provide an NEL Violation Report sharing additional 
information concerning the NEL exceedance.   

 
I. Receiving Water Limitations 

 
60. This General Permit requires all enrolled dischargers to determine the 

receiving waters potentially affected by their discharges and to comply 
with all applicable water quality standards, including any more stringent 
standards applicable to a water body.  

 
J. Sampling, Monitoring, Reporting and Record Keeping 
 

61. Visual monitoring of storm water and non-storm water discharges is 
required for all sites subject to this General Permit. 
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62.  Records of all visual monitoring inspections are required to remain on-

site during the construction period and for a minimum of three years.  
 

63. For all Risk Level 3 and Risk Level 2 sites, this General Permit 
requires effluent monitoring for pH and turbidity.  Sampling, analysis 
and monitoring requirements for effluent monitoring for pH and turbidity 
are contained in this General Permit. 

 
64. Risk Level 3 sites in violation of the Numeric Effluent Limitations 

contained in this General Permit and with direct discharges to receiving 
water are required to conduct receiving water monitoring. 

 
65. For Risk Level 3 sites larger than 30 acres and with direct discharges 

to receiving waters, this General Permit requires bioassessment 
sampling before and after site completion to determine if significant 
degradation to the receiving water’s biota has occurred. 
Bioassessment sampling guidelines are contained in this General 
Permit. 

  
66. A summary and evaluation of the sampling and analysis results will be 

submitted in the Annual Reports.   
 

67. This General Permit contains sampling, analysis and monitoring 
requirements for non-visible pollutants at all sites subject to this 
General Permit. 

 
68. Compliance with the General Permit relies upon dischargers to 

electronically self-report any discharge violations and to comply with 
any Regional Water Board enforcement actions.   

 
69. This General Permit requires that all dischargers maintain a paper or 

electronic copy of all required records for three years from the date 
generated or date submitted, whichever is last.  These records must be 
available at the construction site until construction is completed.  For 
LUPs, these documents may be retained in a crew member’s vehicle 
and made available upon request. 

 
K. Active Treatment System (ATS) Requirements 

 
70. Active treatment systems add chemicals to facilitate flocculation, 

coagulation and filtration of suspended sediment particles. The 
uncontrolled release of these chemicals to the environment can 
negatively affect the beneficial uses of receiving waters and/or degrade 
water quality (e.g., acute and chronic toxicity).  Additionally, the batch 
storage and treatment of storm water through an ATS' can potentially 
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cause physical impacts on receiving waters if storage volume is 
inadequate or due to sudden releases of the ATS batches and 
improperly designed outfalls.   

 
71. If designed, operated and maintained properly an ATS can achieve 

very high removal rates of suspended sediment (measured as 
turbidity), albeit at sometimes significantly higher costs than traditional 
erosion/sediment control practices.  As a result, this General Permit 
establishes NELs consistent with the expected level of typical ATS 
performance. 

 
72. This General Permit requires discharges of storm water associated 

with construction activity that undergo active treatment to comply with 
special operational and effluent limitations to ensure that these 
discharges do not adversely affect the beneficial uses of the receiving 
waters or cause degradation of their water quality.   

 
73. For ATS discharges, this General Permit establishes technology-based 

NELs for turbidity.  
 

74. This General Permit establishes a 10 year, 24 hour (expressed in 
inches of rainfall) Compliance Storm Event exemption from the 
technology-based numeric effluent limitations for ATS discharges. 
Exceedances of the ATS turbidity NEL constitutes a violation of this 
General Permit.  

 
L. Post-Construction Requirements 

 
75. This General Permit includes performance standards for post-

construction that are consistent with State Water Board Resolution No. 
2005-0006, "Resolution Adopting the Concept of Sustainability as a 
Core Value for State Water Board Programs and Directing Its 
Incorporation," and 2008-0030, “Requiring Sustainable Water 
Resources Management.“  The requirement for all construction sites to 
match pre-project hydrology will help ensure that the physical and 
biological integrity of aquatic ecosystems are sustained.  This “runoff 
reduction” approach is analogous in principle to Low Impact 
Development (LID) and will serve to protect related watersheds and 
waterbodies from both hydrologic-based and pollution impacts 
associated with the post-construction landscape. 

 
76. LUP projects are not subject to post-construction requirements due to 

the nature of their construction to return project sites to pre-
construction conditions. 
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M. Storm Water Pollution Prevention Plan Requirements 
 

77. This General Permit requires the development of a site-specific 
SWPPP.  The SWPPP must include the information needed to 
demonstrate compliance with all requirements of this General Permit, 
and must be kept on the construction site and be available for review.  
The discharger shall ensure that a QSD develops the SWPPP.  

 
78. To ensure proper site oversight, this General Permit requires a 

Qualified SWPPP Practitioner to oversee implementation of the BMPs 
required to comply with this General Permit. 

 
N. Regional Water Board Authorities 

 
79. Regional Water Boards are responsible for implementation and 

enforcement of this General Permit.  A general approach to permitting 
is not always suitable for every construction site and environmental 
circumstances.  Therefore, this General Permit recognizes that 
Regional Water Boards must have some flexibility and authority to 
alter, approve, exempt, or rescind permit authority granted under this 
General Permit in order to protect the beneficial uses of our receiving 
waters and prevent degradation of water quality. 
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IT IS HEREBY ORDERED that all dischargers subject to this General Permit 
shall comply with the following conditions and requirements (including all 
conditions and requirements as set forth in Attachments A, B, C, D, E and F)6: 
 
II. CONDITIONS FOR PERMIT COVERAGE 
 

A. Linear Underground/Overhead Projects (LUPs) 
 

1. Linear Underground/Overhead Projects (LUPs) include, but are not 
limited to, any conveyance, pipe, or pipeline for the transportation of 
any gaseous, liquid (including water and wastewater for domestic 
municipal services), liquescent, or slurry substance; any cable line or 
wire for the transmission of electrical energy; any cable line or wire for 
communications (e.g. telephone, telegraph, radio or television 
messages); and associated ancillary facilities.  Construction activities 
associated with LUPs include, but are not limited to, (a) those activities 
necessary for the installation of underground and overhead linear 
facilities (e.g., conduits, substructures, pipelines, towers, poles, cables, 
wires, connectors, switching, regulating and transforming equipment, 
and associated ancillary facilities); and include, but are not limited to, 
(b) underground utility mark-out, potholing, concrete and asphalt 
cutting and removal, trenching, excavation, boring and drilling, access 
road and pole/tower pad and cable/wire pull station, substation 
construction, substructure installation, construction of tower footings 
and/or foundations, pole and tower installations, pipeline installations, 
welding, concrete and/ or pavement repair or replacement, and 
stockpile/borrow locations. 

 
2. The utility company, municipality, or other public or private company or 

agency that owns or operates the linear underground/overhead project 
is responsible for obtaining coverage under the General Permit where 
the construction of pipelines, utility lines, fiber-optic cables, or other 
linear underground/overhead projects will occur across several 
properties unless the LUP construction activities are covered under 
another construction storm water permit. 

 
3. Only LUPs shall comply with the conditions and requirements in 

Attachment A, A.1 & A.2 of this Order.  The balance of this Order is not 
applicable to LUPs except as indicated in Attachment A.    

B. Obtaining Permit Coverage Traditional Construction Sites 

                                            
6 These attachments are part of the General Permit itself and are not separate documents that are capable 
of being updated independently by the State Water Board. 
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1. The Legally Responsible Person (LRP) (see Special Provisions, 

Electronic Signature and Certification Requirements, Section IV.I.1) 
must obtain coverage under this General Permit. 

  
2. To obtain coverage, the LRP must electronically file Permit 

Registration Documents (PRDs) prior to the commencement of 
construction activity.  Failure to obtain coverage under this General 
Permit for storm water discharges to waters of the United States is a 
violation of the CWA and the California Water Code.   

 
3. PRDs shall consist of: 

 
a. Notice of Intent (NOI) 
b. Risk Assessment (Section VIII) 
c. Site Map 
d. Storm Water Pollution Prevention Plan (Section XIV) 
e. Annual Fee 
f. Signed Certification Statement 
 
Any information provided to the Regional Water Board shall comply 
with the Homeland Security Act and any other federal law that 
concerns security in the United States; any information that does not 
comply should not be submitted. 
 
Attachment B contains additional PRD information.  Dischargers must 
electronically file the PRDs, and mail the appropriate annual fee to the 
State Water Board.   

 
4. This permit is effective on July 1, 2010. 
 

a. Dischargers Obtaining Coverage On or After July 1, 2010:  All 
dischargers requiring coverage on or after July 1, 2010, shall 
electronically file their PRDs prior to the commencement of 
construction activities, and mail the appropriate annual fee no later 
than seven days prior to the commencement of construction 
activities.  Permit coverage shall not commence until the PRDs and 
the annual fee are received by the State Water Board, and a WDID 
number is assigned and sent by SMARTS. 

 
b. Dischargers Covered Under 99-08-DWQ and 2003-0007-DWQ:  

Existing dischargers subject to State Water Board Order No. 99-08-
DWQ (existing dischargers) will continue coverage under 99-08-
DWQ until July 1, 2010.  After July 1, 2010, all NOIs subject to 
State Water Board Order No. 99-08-DWQ will be terminated.  
Existing dischargers shall electronically file their PRDs no later than 
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July 1, 2010.  If an existing discharger’s site acreage subject to the 
annual fee has changed, it shall mail a revised annual fee no less 
than seven days after receiving the revised annual fee notification, 
or else lose permit coverage.  All existing dischargers shall be 
exempt from the risk determination requirements in Section VIII of 
this General Permit until two years after permit adoption.  All 
existing dischargers are therefore subject to Risk Level 1 
requirements regardless of their site’s sediment and receiving water 
risks.  However, a Regional Board retains the authority to require 
an existing discharger to comply with the Section VIII risk 
determination requirements.  

 
5. The discharger is only considered covered by this General Permit upon 

receipt of a Waste Discharger Identification (WDID) number assigned 
and sent by the State Water Board Storm water Multi-Application and 
Report Tracking System (SMARTS).  In order to demonstrate 
compliance with this General Permit, the discharger must obtain a 
WDID number and must present documentation of a valid WDID upon 
demand. 

 
6. During the period this permit is subject to review by the U.S. EPA, the 

prior permit (State Water Board Order No. 99-08-DWQ) remains in 
effect.  Existing dischargers under the prior permit will continue to have 
coverage under State Water Board Order No. 99-08-DWQ until this 
General Permit takes effect on July 1, 2010.  Dischargers who 
complete their projects and electronically file an NOT prior to July 1, 
2010, are not required to obtain coverage under this General Permit. 

 
7. Small Construction Rainfall Erosivity Waiver 

 
EPA’s Small Construction Erosivity Waiver applies to sites between 
one and five acres demonstrating that there are no adverse water 
quality impacts. 
 
Dischargers eligible for a Rainfall Erosivity Waiver based on low 
erosivity potential shall complete the electronic Notice of Intent (NOI) 
and Sediment Risk form through the State Water Board’s SMARTS 
system, certifying that the construction activity will take place during a 
period when the value of the rainfall erosivity factor is less than five.  
Where the LRP changes or another LRP is added during construction, 
the new LRP must also submit a waiver certification through the 
SMARTS system. 
 
If a small construction site continues beyond the projected completion 
date given on the waiver certification, the LRP shall recalculate the 
rainfall erosivity factor for the new project duration and submit this 
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information through the SMARTS system.  If the new R factor is below 
five (5), the discharger shall update through SMARTS all applicable 
information on the waiver certification and retain a copy of the revised 
waiver onsite.  The LRP shall submit the new waiver certification 30 
days prior to the projected completion date listed on the original waiver 
form to assure exemption from permitting requirements is 
uninterrupted.  If the new R factor is five (5) or above, the LRP shall be 
required to apply for coverage under this Order. 
 

8. In the case of a public emergency that requires immediate construction 
activities, a discharger shall submit a brief description of the 
emergency construction activity within five days of the onset of 
construction, and then shall submit all PRDs within thirty days. 

 
C. Revising Permit Coverage for Change of Acreage or New Ownership 

 
1. The discharger may reduce or increase the total acreage covered 

under this General Permit when a portion of the site is complete and/or 
conditions for termination of coverage have been met (See Section II.D 
Conditions for Termination of Coverage); when ownership of a portion 
of the site is sold to a different entity; or when new acreage, subject to 
this General Permit, is added to the site. 
 

2. Within 30 days of a reduction or increase in total disturbed acreage, 
the discharger shall electronically file revisions to the PRDs that 
include: 

 
a. A revised NOI indicating the new project size; 

 
b. A revised site map showing the acreage of the site completed, 

acreage currently under construction, acreage sold/transferred or 
added, and acreage currently stabilized in accordance with the 
Conditions for Termination of Coverage in Section II.D below. 

 
c. SWPPP revisions, as appropriate; and 

 
d. Certification that any new landowners have been notified of 

applicable requirements to obtain General Permit coverage.  The 
certification shall include the name, address, telephone number, 
and e-mail address of the new landowner. 

 
e. If the project acreage has increased, dischargers shall mail 

payment of revised annual fees within 14 days of receiving the 
revised annual fee notification. 
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3. The discharger shall continue coverage under the General Permit for 
any parcel that has not achieved “Final Stabilization” as defined in 
Section II.D. 

 
4. When an LRP owns property with active General Permit coverage, and 

the LRP sells the property, or a parcel thereof, to another person, that 
person shall become an LRP with respect to whatever parcel was sold.  
The existing LRP shall inform the new LRP of the General Permit’s 
requirements.  In order for the new LRP to continue the construction 
activity on its parcel of property, the new LRP, or the new LRP’s 
approved signatory, must submit PRDs in accordance with this 
General Permit’s requirements. 

 
D. Conditions for Termination of Coverage 

 
1. Within 90 days of when construction is complete or ownership has 

been transferred, the discharger shall electronically file a Notice of 
Termination (NOT), a final site map, and photos through the State 
Water Boards SMARTS system.  Filing a NOT certifies that all General 
Permit requirements have been met.  The Regional Water Board will 
consider a construction site complete only when all portions of the site 
have been transferred to a new owner, or all of the following conditions 
have been met: 

 
a. For purposes of “final stabilization,” the site will not pose any 

additional sediment discharge risk than it did prior to the 
commencement of construction activity; 
 

b. There is no potential for construction-related storm water pollutants 
to be discharged into site runoff; 
 

c. Final stabilization has been reached; 
 

d. Construction materials and wastes have been disposed of properly; 
 

e. Compliance with the Post-Construction Standards in Section XIII of 
this General Permit has been demonstrated; 
 

f. Post-construction storm water management measures have been 
installed and a long-term maintenance plan7 has been established; 
and  
 

                                            
7 For the purposes of this requirement a long-term maintenance plan will be designed for a minimum of five 
years, and will describe the procedures to ensure that the post-construction storm water management 
measures are adequately maintained. 
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g. All construction-related equipment, materials and any temporary 
BMPs no longer needed are removed from the site. 

 
2. The discharger shall certify that final stabilization conditions are 

satisfied in their NOT.  Failure to certify shall result in continuation of 
permit coverage and annual billing. 
 

3. The NOT must demonstrate through photos, RUSLE or RUSLE2, or 
results of testing and analysis that the site meets all of the conditions 
above (Section II.D.1) and the final stabilization condition (Section 
II.D.1.a) is attained by one of the following methods: 

 
a. “70% final cover method,” no computational proof required 

 
OR: 

 
b. “RUSLE or RUSLE2 method,” computational proof required  

 
OR: 

 
c. “Custom method”, the discharger shall demonstrate in some other 

manner than a or b, above, that the site complies with the “final 
stabilization” requirement in Section II.D.1.a. 
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III. DISCHARGE PROHIBITIONS 

 
A. Dischargers shall not violate any discharge prohibitions contained in 

applicable Basin Plans or statewide water quality control plans.  Waste 
discharges to Areas of Special Biological Significance (ASBS) are 
prohibited by the California Ocean Plan, unless granted an exception 
issued by the State Water Board. 
 

B. All discharges are prohibited except for the storm water and non-storm 
water discharges specifically authorized by this General Permit or another 
NPDES permit. 

 
C. Authorized non-storm water discharges may include those from de-

chlorinated potable water sources such as: fire hydrant flushing, irrigation 
of vegetative erosion control measures, pipe flushing and testing, water to 
control dust, uncontaminated ground water from dewatering, and other 
discharges not subject to a separate general NPDES permit adopted by a 
Regional Water Board.  The discharge of non-storm water is authorized 
under the following conditions: 

 
1. The discharge does not cause or contribute to a violation of any water 

quality standard; 
 

2. The discharge does not violate any other provision of this General 
Permit; 
 

3. The discharge is not prohibited by the applicable Basin Plan; 
 

4. The discharger has included and implemented specific BMPs required 
by this General Permit to prevent or reduce the contact of the non-
storm water discharge with construction materials or equipment. 
 

5. The discharge does not contain toxic constituents in toxic amounts or 
(other) significant quantities of pollutants; 
 

6. The discharge is monitored and meets the applicable NALs and NELs; 
and 
 

7. The discharger reports the sampling information in the Annual Report.  
 
If any of the above conditions are not satisfied, the discharge is not 
authorized by this General Permit.  The discharger shall notify the 
Regional Water Board of any anticipated non-storm water discharges not 
already authorized by this General Permit or another NPDES permit, to 
determine whether a separate NPDES permit is necessary. 
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D. Debris resulting from construction activities are prohibited from being 

discharged from construction sites. 
 

E. When soil contamination is found or suspected and a responsible party is 
not identified, or the responsible party fails to promptly take the 
appropriate action, the discharger shall have those soils sampled and 
tested to ensure proper handling and public safety measures are 
implemented.  The discharger shall notify the appropriate local, State, and 
federal agency(ies) when contaminated soil is found at a construction site, 
and will notify the appropriate Regional Water Board. 
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IV. SPECIAL PROVISIONS 

 
A. Duty to Comply 

 
1. The discharger shall comply with all of the conditions of this General 

Permit.  Any permit noncompliance constitutes a violation of the Clean 
Water Act (CWA) and the Porter-Cologne Water Quality Control Act 
and is grounds for enforcement action and/or removal from General 
Permit coverage. 

 
2. The discharger shall comply with effluent standards or prohibitions 

established under Section 307(a) of the CWA for toxic pollutants within 
the time provided in the regulations that establish these standards or 
prohibitions, even if this General Permit has not yet been modified to 
incorporate the requirement. 

 
B. General Permit Actions 

 
1. This General Permit may be modified, revoked and reissued, or 

terminated for cause.  The filing of a request by the discharger for a 
General Permit modification, revocation and reissuance, or 
termination, or a notification of planned changes or anticipated 
noncompliance does not annul any General Permit condition. 

 
2. If any toxic effluent standard or prohibition (including any schedule of 

compliance specified in such effluent standard or prohibition) is 
promulgated under Section 307(a) of the CWA for a toxic pollutant 
which is present in the discharge and that standard or prohibition is 
more stringent than any limitation on the pollutant in this General 
Permit, this General Permit shall be modified or revoked and reissued 
to conform to the toxic effluent standard or prohibition and the 
dischargers so notified. 

 
C. Need to Halt or Reduce Activity Not a Defense 

 
It shall not be a defense for a discharger in an enforcement action that it 
would have been necessary to halt or reduce the permitted activity in 
order to maintain compliance with the conditions of this General Permit. 

 
D. Duty to Mitigate 

 
The discharger shall take all responsible steps to minimize or prevent any 
discharge in violation of this General Permit, which has a reasonable 
likelihood of adversely affecting human health or the environment. 
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E. Proper Operation and Maintenance 

 
The discharger shall at all times properly operate and maintain any 
facilities and systems of treatment and control (and related 
appurtenances) which are installed or used by the discharger to achieve 
compliance with the conditions of this General Permit.  Proper operation 
and maintenance also includes adequate laboratory controls and 
appropriate quality assurance procedures.  Proper operation and 
maintenance may require the operation of backup or auxiliary facilities or 
similar systems installed by a discharger when necessary to achieve 
compliance with the conditions of this General Permit. 

 
F. Property Rights 

 
This General Permit does not convey any property rights of any sort or 
any exclusive privileges, nor does it authorize any injury to private 
property or any invasion of personal rights, nor does it authorize any 
infringement of Federal, State, or local laws or regulations. 

 
G. Duty to Maintain Records and Provide Information 

 
1. The discharger shall maintain a paper or electronic copy of all required 

records, including a copy of this General Permit, for three years from 
the date generated or date submitted, whichever is last.  These 
records shall be available at the construction site until construction is 
completed. 

 
2. The discharger shall furnish the Regional Water Board, State Water 

Board, or U.S. EPA, within a reasonable time, any requested 
information to determine compliance with this General Permit.  The 
discharger shall also furnish, upon request, copies of records that are 
required to be kept by this General Permit. 

 
H. Inspection and Entry 

 
The discharger shall allow the Regional Water Board, State Water Board, 
U.S. EPA, and/or, in the case of construction sites which discharge 
through a municipal separate storm sewer, an authorized representative of 
the municipal operator of the separate storm sewer system receiving the 
discharge, upon the presentation of credentials and other documents as 
may be required by law, to: 

 
1. Enter upon the discharger’s premises at reasonable times where a 

regulated construction activity is being conducted or where records 
must be kept under the conditions of this General Permit; 
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2. Access and copy at reasonable times any records that must be kept 
under the conditions of this General Permit; 

 
3. Inspect at reasonable times the complete construction site, including 

any off-site staging areas or material storage areas, and the 
erosion/sediment controls; and 

 
4. Sample or monitor at reasonable times for the purpose of ensuring 

General Permit compliance. 
 

I. Electronic Signature and Certification Requirements 
 

1. All Permit Registration Documents (PRDs) and Notice of Terminations 
(NOTs) shall be electronically signed, certified, and submitted via 
SMARTS to the State Water Board.   Either the Legally Responsible 
Person (LRP) or a person legally authorized to sign and certify PRDs 
and NOTs on behalf of the LRP (the LRP’s Approved Signatory) must 
submit all information electronically via SMARTS.   

 
a. The LRP’s Approved Signatory must be one of the following: 
 

i. For a corporation: a responsible corporate officer. For the 
purpose of this section, a responsible corporate officer means: 
(a) a president, secretary, treasurer, or vice-president of the 
corporation in charge of a principal business function, or any 
other person who performs similar policy or decision-making 
functions for the corporation; or (b) the manager of the facility if 
authority to sign documents has been assigned or delegated to 
the manager in accordance with corporate procedures; 

 
ii. For a partnership or sole proprietorship: a general partner or the 

proprietor, respectively;  
 

iii. For a municipality, State, Federal, or other public agency: either 
a principal executive officer or ranking elected official. The 
principal executive officer of a Federal agency includes the chief 
executive officer of the agency or the senior executive officer 
having responsibility for the overall operations of a principal 
geographic unit of the agency (e.g., Regional Administrators of 
U.S. EPA);  

 
iv. For the military:  Any military officer who has been designated. 

 
v. For a public university:  An authorized university official  
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b. Changes to Authorization.  If an approved signatory’s authorization 
is no longer accurate, a new authorization satisfying the 
requirements of paragraph (a) of this section must be submitted via 
SMARTS prior to or together with any reports, information or 
applications to be signed by an approved signatory. 

 
2. All Annual Reports, or other information required by the General Permit 

(other than PRDs and NOTs) or requested by the Regional Water 
Board, State Water Board, U.S. EPA, or local storm water 
management agency shall be certified and submitted by the LRP  or 
the LRP’s approved signatory as described above.  

 
J. Certification 

 
Any person signing documents under Section IV.I above, shall make the 
following certification: 

 
"I certify 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 manage the system or those persons directly responsible for 
gathering the information, to the best of my knowledge and belief, the 
information submitted is, 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." 

 
K. Anticipated Noncompliance 

 
The discharger shall give advance notice to the Regional Water Board and 
local storm water management agency of any planned changes in the 
construction activity, which may result in noncompliance with General 
Permit requirements. 
 

L. Bypass 
 

Bypass8 is prohibited.  The Regional Water Board may take enforcement 
action against the discharger for bypass unless: 
 
1. Bypass was unavoidable to prevent loss of life, personal injury or 

severe property damage;9   
                                            
8 The intentional diversion of waste streams from any portion of a treatment facility 
9 Severe property damage means substantial physical damage to property, damage to the treatment 
facilities that causes them to become inoperable, or substantial and permanent loss of natural resources that 
can reasonably be expected to occur in the absence of a bypass.  Severe property damage does not mean 
economic loss caused by delays in production. 
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2. There were no feasible alternatives to bypass, such as the use of 

auxiliary treatment facilities, retention of untreated waste, or 
maintenance during normal periods of equipment downtime.  This 
condition is not satisfied if adequate back-up equipment should have 
been installed in the exercise of reasonable engineering judgment to 
prevent a bypass that could occur during normal periods of equipment 
downtime or preventative maintenance; 
 

3. The discharger submitted a notice at least ten days in advance of the 
need for a bypass to the Regional Water Board; or 
 

4. The discharger may allow a bypass to occur that does not cause 
effluent limitations to be exceeded, but only if it is for essential 
maintenance to assure efficient operation.  In such a case, the above 
bypass conditions are not applicable.  The discharger shall submit 
notice of an unanticipated bypass as required. 

 
M. Upset 
 

1. A discharger that wishes to establish the affirmative defense of an 
upset10 in an action brought for noncompliance shall demonstrate, 
through properly signed, contemporaneous operating logs, or other 
relevant evidence that: 

 
a. An upset occurred and that the discharger can identify the cause(s) 

of the upset 
 

b. The treatment facility was being properly operated by the time of 
the upset 

 
c. The discharger submitted notice of the upset as required; and 

 
d. The discharger complied with any remedial measures required 

 
2. No determination made before an action of noncompliance occurs, 

such as during administrative review of claims that noncompliance was 
caused by an upset, is final administrative action subject to judicial 
review. 

 
3. In any enforcement proceeding, the discharger seeking to establish the 

occurrence of an upset has the burden of proof 
                                            
10 An exceptional incident in which there is unintentional and temporary noncompliance the technology 
based numeric effluent limitations because of factors beyond the reasonable control of the discharger.  An 
upset does not include noncompliance to the extent caused by operational error, improperly designed 
treatment facilities, inadequate treatment facilities, lack of preventative maintenance, or careless or improper 
operation. 
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N. Penalties for Falsification of Reports 

 
Section 309(c)(4) of the CWA provides that any person who knowingly 
makes any false material statement, representation, or certification in any 
record or other document submitted or required to be maintained under 
this General Permit, including reports of compliance or noncompliance 
shall upon conviction, be punished by a fine of not more than $10,000 or 
by imprisonment for not more than two years or by both. 

 
O. Oil and Hazardous Substance Liability 

 
Nothing in this General Permit shall be construed to preclude the 
institution of any legal action or relieve the discharger from any 
responsibilities, liabilities, or penalties to which the discharger is or may be 
subject to under Section 311 of the CWA. 

 
P. Severability 

 
The provisions of this General Permit are severable; and, if any provision 
of this General Permit or the application of any provision of this General 
Permit to any circumstance is held invalid, the application of such 
provision to other circumstances and the remainder of this General Permit 
shall not be affected thereby. 

 
Q. Reopener Clause 

 
This General Permit may be modified, revoked and reissued, or 
terminated for cause due to promulgation of amended regulations, receipt 
of U.S. EPA guidance concerning regulated activities, judicial decision, or 
in accordance with 40 Code of Federal Regulations (CFR) 122.62, 122.63, 
122.64, and 124.5. 

 
R. Penalties for Violations of Permit Conditions 

 
1. Section 309 of the CWA provides significant penalties for any person 

who violates a permit condition implementing Sections 301, 302, 306, 
307, 308, 318, or 405 of the CWA or any permit condition or limitation 
implementing any such section in a permit issued under Section 402. 
Any person who violates any permit condition of this General Permit is 
subject to a civil penalty not to exceed $37,50011 per calendar day of 
such violation, as well as any other appropriate sanction provided by 
Section 309 of the CWA. 

 

                                            
11 May be further adjusted in accordance with the Federal Civil Penalties Inflation Adjustment Act. 
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2. The Porter-Cologne Water Quality Control Act also provides for civil 
and criminal penalties, which in some cases are greater than those 
under the CWA. 

 
S. Transfers 

 
This General Permit is not transferable.  

 
T. Continuation of Expired Permit 

 
This General Permit continues in force and effect until a new General 
Permit is issued or the SWRCB rescinds this General Permit.  Only those 
dischargers authorized to discharge under the expiring General Permit are 
covered by the continued General Permit. 
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V. EFFLUENT STANDARDS 

 
A. Narrative Effluent Limitations 

 
1. Storm water discharges and authorized non-storm water discharges 

regulated by this General Permit shall not contain a hazardous 
substance equal to or in excess of reportable quantities established in 
40 C.F.R. §§ 117.3 and 302.4, unless a separate NPDES Permit has 
been issued to regulate those discharges. 

 
2. Dischargers shall minimize or prevent pollutants in storm water 

discharges and authorized non-storm water discharges through the 
use of controls, structures, and management practices that achieve 
BAT for toxic and non-conventional pollutants and BCT for 
conventional pollutants.   

 
B. Numeric Effluent Limitations (NELs) 
 

Table 1- Numeric Effluent Limitations, Numeric Action Levels, Test Methods, 
Detection Limits, and Reporting Units 

Parameter Test 
Method 

Discharge 
Type 

Min. 
Detection 

Limit 

Units Numeric 
Action 
Level 

Numeric 
Effluent 

Limitation 

Risk Level 2 

lower NAL = 
6.5 

upper NAL = 
8.5 

N/A 

pH 

Field test 
with 

calibrated 
portable 

instrument Risk Level 3 

0.2 pH 
units lower NAL = 

6.5 
upper NAL = 

8.5 

lower NEL = 
6.0 

upper NEL = 
9.0 

Risk Level 2 250 NTU N/A 
Turbidity EPA 

0180.1 
and/or field 

test with 
calibrated 
portable 

instrument 

Risk Level 3 
1 NTU 

250 NTU 500 NTU 

 
 

1. Numeric Effluent Limitations (NELs): 
 

a. Storm Event, Daily Average pH Limits – For Risk Level 3 
dischargers, the pH of storm water and non-storm water discharges 
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shall be within the ranges specified in Table 1 during any site phase 
where there is a "high risk of pH discharge."12 

 
b. Storm Event Daily Average Turbidity Limit – For Risk Level 3 

dischargers, the turbidity of storm water and non-storm water 
discharges shall not exceed 500 NTU. 

 
2. If daily average sampling results are outside the range of pH NELs 

(i.e., is below the lower NEL for pH or exceeds the upper NEL for pH) 
or exceeds the turbidity NEL (as listed in Table 1), the discharger is in 
violation of this General Permit and shall electronically file monitoring 
results in violation within 5 business days of obtaining the results. 

 
3. Compliance Storm Event: 

 
Discharges of storm water from Risk Level 3 sites shall comply with 
applicable NELs (above) unless the storm event causing the 
discharges is determined after the fact to be equal to or larger than the 
Compliance Storm Event (expressed in inches of rainfall).  The 
Compliance Storm Event for Risk Level 3 discharges is the 5 year,  
24 hour storm (expressed in tenths of an inch of rainfall), as 
determined by using these maps: 
 

http://www.wrcc.dri.edu/pcpnfreq/nca5y24.gif  
http://www.wrcc.dri.edu/pcpnfreq/sca5y24.gif 

 

Compliance storm event verification shall be done by reporting on-site 
rain gauge readings as well as nearby governmental rain gauge 
readings. 
 

4. Dischargers shall not be required to comply with NELs if the site 
receives run-on from a forest fire or any other natural disaster. 

 
 

C. Numeric Action Levels (NALs) 
 

1. For Risk Level 2 and 3 dischargers, the lower storm event average 
NAL for pH is 6.5 pH units and the upper storm event average NAL for 
pH is 8.5 pH units.  The discharger shall take actions as described 
below if the discharge is outside of this range of pH values. 
 

                                            
12 A period of high risk of pH discharge is defined as a project's complete utilities phase, complete vertical 
build phase, and any portion of any phase where significant amounts of materials are placed directly on the 
land at the site in a manner that could result in significant alterations of the background pH of the 
discharges. 
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2. For Risk Level 2 and 3 dischargers, the NAL storm event daily average 
for turbidity is 250 NTU.  The discharger shall take actions as 
described below if the discharge is outside of this range of turbidity 
values.  

 
3. Whenever the results from a storm event daily average indicate that 

the discharge is below the lower NAL for pH, exceeds the upper NAL 
for pH, or exceeds the turbidity NAL (as listed in Table 1), the 
discharger shall conduct a construction site and run-on evaluation to 
determine whether pollutant source(s) associated with the site’s 
construction activity may have caused or contributed to the NAL 
exceedance and shall immediately implement corrective actions if they 
are needed. 

 
4. The site evaluation shall be documented in the SWPPP and 

specifically address whether the source(s) of the pollutants causing the 
exceedance of the NAL: 

 
a. Are related to the construction activities and whether additional 

BMPs are required to (1) meet BAT/BCT requirements; (2) reduce 
or prevent pollutants in storm water discharges from causing 
exceedances of receiving water objectives; and (3) determine what 
corrective action(s) were taken or will be taken and with a 
description of the schedule for completion.   
 

AND/OR: 
 

b. Are related to the run-on associated with the construction site 
location and whether additional BMPs measures are required to (1) 
meet BAT/BCT requirements; (2) reduce or prevent pollutants in 
storm water discharges from causing exceedances of receiving 
water objectives; and (3) what corrective action(s) were taken or 
will be taken with a description of the schedule for completion.   
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VI. RECEIVING WATER LIMITATIONS 
 

A. The discharger shall ensure that storm water discharges and authorized 
non-storm water discharges to any surface or ground water will not 
adversely affect human health or the environment. 
  

B. The discharger shall ensure that storm water discharges and authorized 
non-storm water discharges will not contain pollutants in quantities that 
threaten to cause pollution or a public nuisance. 
 

C. The discharger shall ensure that storm water discharges and authorized 
non-storm water discharges will not contain pollutants that cause or 
contribute to an exceedance of any applicable water quality objectives or 
water quality standards (collectively, WQS) contained in a Statewide 
Water Quality Control Plan, the California Toxics Rule, the National Toxics 
Rule, or the applicable Regional Water Board’s Water Quality Control Plan 
(Basin Plan).  

 
D. Dischargers located within the watershed of a CWA § 303(d) impaired 

water body, for which a TMDL has been approved by the U.S. EPA, shall 
comply with the approved TMDL if it identifies “construction activity” or 
land disturbance as a source of the pollution.  
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VII. TRAINING QUALIFICATIONS AND CERTIFICATION 

REQUIREMENTS 
 

A. General 
The discharger shall ensure that all persons responsible for implementing 
requirements of this General Permit shall be appropriately trained in 
accordance with this Section.  Training should be both formal and 
informal, occur on an ongoing basis, and should include training offered by 
recognized governmental agencies or professional organizations.  Those 
responsible for preparing and amending SWPPPs shall comply with the 
requirements in this Section VII.   
 
The discharger shall provide documentation of all training for persons 
responsible for implementing the requirements of this General Permit in 
the Annual Reports. 

 
B. SWPPP Certification Requirements 

 
1. Qualified SWPPP Developer: The discharger shall ensure that 

SWPPPs are written, amended and certified by a Qualified SWPPP 
Developer (QSD).  A QSD shall have one of the following registrations 
or certifications, and appropriate experience, as required for: 
 
a. A California registered professional civil engineer; 

 
b. A California registered professional geologist or engineering 

geologist; 
 

c. A California registered landscape architect; 
 

d. A professional hydrologist registered through the American Institute 
of Hydrology; 

 
e. A Certified Professional in Erosion and Sediment Control (CPESC) 

TM registered through Enviro Cert International, Inc.; 
 

f. A Certified Professional in Storm Water Quality (CPSWQ) TM 
registered through Enviro Cert International, Inc.; or 
 

g. A professional in erosion and sediment control registered through 
the National Institute for Certification in Engineering Technologies 
(NICET). 
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Effective two years after the adoption date of this General Permit, a 
QSD shall have attended a State Water Board-sponsored or approved 
QSD training course.   

 
2. The discharger shall list the name and telephone number of the 

currently designated Qualified SWPPP Developer(s) in the SWPPP.   
 

3. Qualified SWPPP Practitioner:  The discharger shall ensure that all 
BMPs required by this General Permit are implemented by a Qualified 
SWPPP Practitioner (QSP).  A QSP is a person responsible for non-
storm water and storm water visual observations, sampling and 
analysis.  Effective two years from the date of adoption of this General 
Permit, a QSP shall be either a QSD or have one of the following 
certifications: 

 
a. A certified erosion, sediment and storm water inspector registered 

through Enviro Cert International, Inc.; or 
 

b. A certified inspector of sediment and erosion control registered 
through Certified Inspector of Sediment and Erosion Control, Inc. 
 

Effective two years after the adoption date of this General Permit, a 
QSP shall have attended a State Water Board-sponsored or approved 
QSP training course.   

 
4. The LRP shall list in the SWPPP, the name of any Approved Signatory, 

and provide a copy of the written agreement or other mechanism that 
provides this authority from the LRP in the SWPPP. 

  
5. The discharger shall include, in the SWPPP, a list of names of all 

contractors, subcontractors, and individuals who will be directed by the 
Qualified SWPPP Practitioner.  This list shall include telephone 
numbers and work addresses.  Specific areas of responsibility of each 
subcontractor and emergency contact numbers shall also be included. 

 
6. The discharger shall ensure that the SWPPP and each amendment will 

be signed by the Qualified SWPPP Developer.  The discharger shall 
include a listing of the date of initial preparation and the date of each 
amendment in the SWPPP. 

 
VIII. RISK DETERMINATION 
 

The discharger shall calculate the site's sediment risk and receiving water risk 
during periods of soil exposure (i.e. grading and site stabilization) and use the 
calculated risks to determine a Risk Level(s) using the methodology in 
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Appendix 1.  For any site that spans two or more planning watersheds,13 the 
discharger shall calculate a separate Risk Level for each planning watershed.  
The discharger shall notify the State Water Board of the site’s Risk Level 
determination(s) and shall include this determination as a part of submitting 
the PRDs.  If a discharger ends up with more than one Risk Level 
determination, the Regional Water Board may choose to break the project 
into separate levels of implementation.   
 

 
IX. RISK LEVEL 1 REQUIREMENTS 
 
Risk Level 1 Dischargers shall comply with the requirements included in 
Attachment C of this General Permit. 
 
 
X. RISK LEVEL 2 REQUIREMENTS 

 
Risk Level 2 Dischargers shall comply with the requirements included in 
Attachment D of this General Permit. 

 
 

XI. RISK LEVEL 3 REQUIREMENTS 
 

Risk Level 3 Dischargers shall comply with the requirements included in 
Attachment E of this General Permit. 
 
 
XII. ACTIVE TREATMENT SYSTEMS (ATS) 

 
Dischargers choosing to implement an ATS on their site shall comply with all of 
the requirements in Attachment F of this General Permit. 
 

                                            
13 Planning watershed: defined by the Calwater Watershed documents as a watershed that ranges in size 
from approximately 3,000 to 10,000 acres http://cain.ice.ucdavis.edu/calwater/calwfaq.html,  
http://gis.ca.gov/catalog/BrowseRecord.epl?id=22175 . 
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XIII. POST-CONSTRUCTION STANDARDS 
 

A. All dischargers shall comply with the following runoff reduction 
requirements unless they are located within an area subject to post-
construction standards of an active Phase I or II municipal separate storm 
sewer system (MS4) permit that has an approved Storm Water 
Management Plan.      

 
1. This provision shall take effect three years from the adoption date of 

this permit, or later at the discretion of the Executive Officer of the 
Regional Board. 

 
2. The discharger shall demonstrate compliance with the requirements of 

this section by submitting with their NOI a map and worksheets in 
accordance with the instructions in Appendix 2.  The discharger shall 
use non-structural controls unless the discharger demonstrates that 
non-structural controls are infeasible or that structural controls will 
produce greater reduction in water quality impacts. 

 
3. The discharger shall, through the use of non-structural and structural 

measures as described in Appendix 2, replicate the pre-project water 
balance (for this permit, defined as the volume of rainfall that ends up 
as runoff) for the smallest storms up to the 85th percentile storm event 
(or the smallest storm event that generates runoff, whichever is larger).  
Dischargers shall inform Regional Water Board staff at least 30 days 
prior to the use of any structural control measure used to comply with 
this requirement.  Volume that cannot be addressed using non-
structural practices shall be captured in structural practices and 
approved by the Regional Water Board.  When seeking Regional 
Board approval for the use of structural practices, dischargers shall 
document the infeasibility of using non-structural practices on the 
project site, or document that there will be fewer water quality impacts 
through the use of structural practices. 

 
4. For sites whose disturbed area exceeds two acres, the discharger shall 

preserve the pre-construction drainage density (miles of stream length 
per square mile of drainage area) for all drainage areas within the area 
serving a first order stream14 or larger stream and ensure that post-
project time of runoff concentration is equal or greater than pre-project 
time of concentration.   

 

                                            
14 A first order stream is defined as a stream with no tributaries. 
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B. All dischargers shall implement BMPs to reduce pollutants in storm water 
discharges that are reasonably foreseeable after all construction phases 
have been completed at the site (Post-construction BMPs).   
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XIV. SWPPP REQUIREMENTS  
 

A. The discharger shall ensure that the Storm Water Pollution Prevention 
Plans (SWPPPs) for all traditional project sites are developed and 
amended or revised by a QSD.  The SWPPP shall be designed to address 
the following objectives: 

 
1. All pollutants and their sources, including sources of sediment 

associated with construction, construction site erosion and all other 
activities associated with construction activity are controlled; 

 
2. Where not otherwise required to be under a Regional Water Board 

permit, all non-storm water discharges are identified and either 
eliminated, controlled, or treated;  

 
3. Site BMPs are effective and result in the reduction or elimination of 

pollutants in storm water discharges and authorized non-storm water 
discharges from construction activity to the BAT/BCT standard;  

 
4. Calculations and design details as well as BMP controls for site run-on 

are complete and correct, and 
 

5. Stabilization BMPs installed to reduce or eliminate pollutants after 
construction are completed. 

 
B. To demonstrate compliance with requirements of this General Permit, the 

QSD shall include information in the SWPPP that supports the 
conclusions, selections, use, and maintenance of BMPs. 

   
C. The discharger shall make the SWPPP available at the construction site 

during working hours while construction is occurring and shall be made 
available upon request by a State or Municipal inspector.  When the 
original SWPPP is retained by a crewmember in a construction vehicle 
and is not currently at the construction site, current copies of the BMPs 
and map/drawing will be left with the field crew and the original SWPPP 
shall be made available via a request by radio/telephone. 
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XV. REGIONAL WATER BOARD AUTHORITIES 
 

A. In the case where the Regional Water Board does not agree with the 
discharger’s self-reported risk level (e.g., they determine themselves to be 
a Level 1 Risk when they are actually a Level 2 Risk site), Regional Water 
Boards may either direct the discharger to reevaluate the Risk Level(s) for 
their site or terminate coverage under this General Permit.   

 
B. Regional Water Boards may terminate coverage under this General 

Permit for dischargers who fail to comply with its requirements or where 
they determine that an individual NPDES permit is appropriate.   

 
C. Regional Water Boards may require dischargers to submit a Report of 

Waste Discharge / NPDES permit application for Regional Water Board 
consideration of individual requirements. 

 
D. Regional Water Boards may require additional Monitoring and Reporting 

Program Requirements, including sampling and analysis of discharges to 
sediment-impaired water bodies.   

 
E. Regional Water Boards may require dischargers to retain records for more 

than the three years required by this General Permit. 



  Order 

2009-0009-DWQ 40 September 02, 2009 

 
XVI. ANNUAL REPORTING REQUIREMENTS 
 

A. All dischargers shall prepare and electronically submit an Annual Report 
no later than September 1 of each year.     

 
B. The discharger shall certify each Annual Report in accordance with the 

Special Provisions.  
 

C. The discharger shall retain an electronic or paper copy of each Annual 
Report for a minimum of three years after the date the annual report is 
filed.   

 
D. The discharger shall include storm water monitoring information in the 

Annual Report consisting of: 
 

1. a summary and evaluation of all sampling and analysis results, 
including copies of laboratory reports;  

 
2. the analytical method(s), method reporting unit(s), and method 

detection limit(s) of each analytical parameter (analytical results that 
are less than the method detection limit shall be reported as "less than 
the method detection limit");  

 
3. a summary of all corrective actions taken during the compliance year; 

 
4. identification of any compliance activities or corrective actions that 

were not implemented; 
 
5. a summary of all violations of the General Permit;  
 
6. the names of individual(s) who performed the facility inspections, 

sampling, visual observation (inspections), and/or measurements;  
 
7. the date, place, time of facility inspections, sampling, visual 

observation (inspections), and/or measurements, including 
precipitation (rain gauge); and 

 
8. the visual observation and sample collection exception records and 

reports specified in Attachments C, D, and E. 
 

E. The discharger shall provide training information in the Annual Report 
consisting of: 

 
1. documentation of all training for individuals responsible for all activities 

associated with compliance with this General Permit; 
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2. documentation of all training for individuals responsible for BMP 

installation, inspection, maintenance, and repair; and 
 

3. documentation of all training for individuals responsible for overseeing, 
revising, and amending the SWPPP. 



 

 

DEPARTMENT OF THE ARMY 
LOS ANGELES DISTRICT CORPS OF ENGINEERS 

P.O. BOX 532711 

LOS ANGELES, CALFORNIA 90053‐2325 

 
October 25, 2010 

    REPLY  TO 

    ATTENTION  OF: 

Office of the Chief 

Regulatory Division 

 

DEPARTMENT OF THE ARMY NATIONWIDE PERMIT AUTHORIZATION 

 

Ann T. Truong, Project Engineer 

Department of the Transportation, District 12 

Arianne Preite, District Biologist 

3337 Michelson Drive, Suite 380 

Irvine, California  92612 

 

Dear Ms. Preite: 

 

  This is in reply to your application (File No. SPL‐2010‐00778‐SCH) dated June 14, 

2010, for a Department of the Army Permit to discharge fill onto waters of the U.S., in 

association with the State Route (SR)‐91 Widening between SR‐91/SR‐55 interchange and 

SR‐91/SR‐241 interchange.  The proposed work would take place within the city of 

Anaheim and Yorba Linda, Orange County, California. 

 

  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. NWP 14 Linear Transportation Projects., as 

described in enclosure 1.   

   

  Specifically, you are authorized to: 

 

1. Permanently impact 0.0575 acre of non‐wetland waters of the U.S. to replace 

concrete v‐ditches with bioswale or bioswale & pipe combination, to 

accommodate the widening of SR‐91 (see table 1 attached). 

 

2. Temporarily impact 5.043 acres of non‐wetland waters of the U.S. for temporary 

construction easements (see table 2 attached). 

 

  Furthermore, you must comply with the following non‐discretionary Special 

Conditions:  

 



 
 -2- 
 
 
 

 

Special Conditions: 

 

1.  The permittee shall abide by all terms and conditions of the Clean Water Act (CWA) 

Section 401 Certification dated October 21, 2010 (certification number 302010-37). 
 

2.  The permittee shall ensure that all vehicles maintenance, staging, storage, and 

dispensing of fuel occurs in designated upland areas.  The permitee shall ensure that 

these designated upland areas are located in such a manner to prevent any runoff from 

entering the waters of the U.S. 

 

3.  The permittee shall employ all best management practices (BMPs) to ensure that no 

debris, soil, silt, sand, rubbish, cement or concrete washings thereof, oil or petroleum 

products or washings thereof, are allowed to enter into or placed where it may be 

washed by rainfall or runoff into waterways.  When project operations are completed, 

any and all excess construction material, debris, and or other associated excess project 

materials shall be removed to an appropriate off‐site location outside of any 

jurisdictional area. 

 

4.  A copy of the permit shall be on the job site at all times during construction.  The 

permittee shall provide a copy of this permit to all contractors, subcontractors, and 

forepersons.  The permittee shall require that all contractors and forepersons read this 

authorization in its entirety and acknowledge they understand its contents and their 

responsibility to ensure compliance with all general and special conditions contained 

herein.  The permittee shall hold a pre‐construction meeting with the contractor(s), the 

Corps of Engineers, and other appropriate resource agencies to discuss the special 

conditions of this authorization, as well as other relevant approvals. 

 

Endangered Species Act:  

 

1.  This Corps permit does not authorize you to take any threatened or endangered species, 

in particular the federally listed endangered willow flycatcher (SWWF) (Empidonax 
traillii), federally listed threatened Coastal Gnatcatcher (CAGN) (Polioptila californica), 
and the federally listed threatened Least Bell’s Vireo (LBV) (Vireo bellii pusillus) 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 ʺincidental takeʺ 

provisions with which you must comply).  Pursuant to the FWS correspondence dated 

October 4, 2010, 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 (FWS-OR-OSB074S-1010966) and with the ESA. 

Cultural Resources: 

1. Pursuant to 36 C.F.R. section 800.13, in the event of any discoveries during construction 
of either human remains, archeological deposits, or any other type of historic property, the 
Permittee shall notify the Corps' Archeology Staff within 24 hours (Steve Dibble at 213-452- 
3849 or John Killeen at 213-452-3861). The Permittee shall immediately suspend all work in 
any area(s) where potential cultural resources are discovered. The Permittee shall not 
resume construction in the area surrounding the potential cultural resources until the 
Corps Regulatory Division re-authorizes project construction, per 36 C.F.R. section 800.13. 

The Permittee shall clearly mark the limits of the workspace with flagging or similar means 
to ensure mechanized equipment does not enter preserved waters of the U.S. and riparian 
wetlandhabitat areas shown on Figure X. Adverse impacts to waters of the U.S. beyond 
the Corps-approved construction footprint are not authorized. Such impacts could result 
in permit suspension and revocation, administrative, civil or criminal penalties, and/or 
substantial, additional, compensatory mitigation requirements 

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 Sophia Huynh of my staff at 213.452.3357 or via e-mail at 
Sophia.C.Huynh@usace.army.mi1. 



Please be advised that you can now comment on your experience with 
Regulatory Division by accessing the Corps web-based customer survey form at: 
htt-p://per2.nw~.usace.armv.mil/survev.html. 

Sincerely, 

Senior Project Manager 
Regulatory Division 

Enclosure 



LOS ANGELES DISTRICT 
U.S. ARMY CORPS OF ENGINEERS 

CERTIFICATION OF COMPLIANCE WITH 
DEPARTMENT OF THE ARMY NATIONWIDE PERMIT 

Permit Number: SPL-2010-00778-SCH 

Name of Permittee: California Department of Transportation, District 12, Arianne Preite 

Date of Issuance: October 20,2010 

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-2010-00778-SCH 

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 
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JD Drainage # 
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Latitude 

335114.40314 
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0 0019 
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0 0028 
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Jurisdictio~~al 
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Jurisdictioi~al 

Jurisdict~onal 
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Type of Impact 
Add new bioswale 

Add new bioswale 

Remove concrete channel and replace with 
underground pipe; add adjacent bioswale to 
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Port1013 

Remove concrete channel and replace w ~ t h  
underground pipe; add adjacent bioswale to 
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No longer a change 

Remove concrete channel and replace with 
uiidergrouiid plpe, add adjacent b~oswale to 
Portion 

Remove concrete channel and replace wlth 
underground pipe; add adjacent bioswale to 
Portion 

Remove concrete channel and replace w ~ t h  
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Remove concrete channel and replace with 
underground pipe; add adjacent b~oswale to 
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Remove concrete channel and replace with 
underground pipe, add adjacent b~oswale to 
Pofllon 

Remove concrete channel and replace wlth 
underground pipe; add adjacent bioswale to 
Portion 

Remove portion of existing channel and replace 
with underground Pipe 
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Table 2 
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Type of Impact 
JD Drainage 

# 
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PROJECT PLANS FOR CONSTRUCTION ON 

STATE HIGHWAY 
IN ORANGE COUNTY 
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TO BE SUPPLEMENTED BY STANDARD PLANS DATED MAY 2006 
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United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

Ecological Services 
Carlsbad Fish and Wildlife Office 

60 10 Hidden Valley Road, Suite 10 1 
Carlsbad, California 9201 1 

In Reply Refer To: 
FWS-OR-08B0745-1010966 OCT 0 4 20\0 

Colonel R. Mark Toy 
District Commander, Los Angeles 
U.S. Army Corps of Engineers 
P.O. Box 53271 1 
Los Angeles, California 90053-2325 

Mr. Chris Flynn 
Senior Environmental Planner 
California Department of Transportation 
District 12 
3337 Michelson Drive, Suite CN380 
Irvine, California 926 12-0699 

Attention: Sophia C. Huynh, Environmental Protection Specialist (SPL-2010-778-SCH), 
U.S. Army Corps of Engineers 

Arianne Preite, Associate Environmental Planner, California Department of 
Transportation 

Subject: Informal Section 7 Consultation for the SR-91 Widening Between SR-55 and SR- 
24 1, Orange County, California 

Dear Colonel Toy and Mr. Flynn: 

This is in response to your electronic correspondence dated September 9,2010, requesting our 
concurrence with your determination that the subject project is not likely to adversely affect the 
.federally threatened coastal California gnatcatcher (Polioptila calfornica calfornica, 
"gnatcatcher") in accordance with section 7 of the Endangered Species Act of 1973 (Act), as 
amended (16 U.S.C. 153 1 et seq.). The project is receiving Federal funding through the 
Federal Highway Administration (FHWA), and the California Department of Transportation 
(Caltrans) has assumed FHWA's 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 Memorandurn of Understanding 
between FHWA and Caltrans (effective July 1,2007) and codified in 23 U.S.C. 327 (a)(2)(A). 
The U.S. Army Corps of Engineers (USACE) is also a Federal action agency because a permit 
is required from the USACE to conduct the work. 
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The proposed project is located along State Route 91 (SR-91) between State Route 55 (SR-55) 
to the west, and State Route 241 (SR-241) to the east, in Orange County, California. Caltrans 
proposes to add one mixed-flow lane on SR-91 eastbound from the SR-91lSR-55 connector at 
post mile (PM) 9.1 to east of the Weir Canyon Road Interchange (PM 15.4), and westbound 
from west of the SR-91/SR-241 interchange (PM 15.6) to the Imperial Highway (SR-90) 
interchange at PM 1 1.1. The total length of the project is 6.5 miles. 

We have reviewed the information provided to us, including SR-91 Widening Natural 
Environmental Study ('NES" July 2008). The gnatcatcher is known to occur in the vicinity of 
the project. We have over 30 data points for gnatcatchers within half a mile of the project 
dating from 1994 to 2007(Carlsbad Fish and Wildlife Office Geographic Information Systems 
Analysis, September 27,2010). Protocol surveys were conducted for the proposed project 
between December 2007 and April 2008. One gnatcatcher was observed south of the 
biological study area for the proposed project in December 2007, approximately 500 feet south 
of Caltrans' right-of-way. No gnatcatchers were observed within the project impact area (NES, 
Appendix F). In addition, the coastal sage scrub (CSS) south of the site where the gnatcatcher 
was observed has since burned in a wildfire. 

The project as proposed will result in 0.10 acre of permanent and 2.06 acres of temporary 
impacts to CSS. This CSS is located in two habitat fragments north of SR-91 and south of the 
Santa Ana River and areas of existing commercial development. Due to the small size and 
isolation of these habitat fragments, gnatcatcher breeding is not expected within these locations. 
While no gnatcatchers were observed within this CSS during project surveys, they are expected 
to occasionally move through these habitat fragments and along the Santa Ana River when 
dispersing between larger habitat areas that are located north and south of the site. 

The following measures have been incorporated into the project design to avoid and minimize 
impacts to the gnatcatcher: 

1. Right of WayIConstruction Limits, adjacent to CSS and ripariadriverine vegetation, will be 
designated as Environmentally Sensitive Areas (ESAs) on project plans. ESAs will be 
temporarily fenced, under the supervision of a qualified biologist, with highly visible 
barriers (e.g., orange construction fencing). No personnel, equipment, supplies, waste, or 
debris will be allowed within the ESAs. All construction equipment will be operated in 
such a manner as to prevent accidental damage to adjacent habitat areas. Silt fence barriers 
will be installed at the ESA boundaries to prevent the spread of silt from the construction 
zone into adjacent habitat areas. Temporary construction fencing will be removed upon 
project completion. 

2. Inspection and cleaning of construction equipment will be performed to minimize the 
importation of nonnative plant material, and eradication strategies (i.e., weed abatement 
programs) will be employed should an invasion occur. 
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3. Prior to initiating project impacts, a CSS restoration plan will be developed for the 
temporary impact area. The plan will be submitted to the Service for review and approval. 
This plan will include a detailed description of restoration methods, slope 
stabilization/erosion control, criteria for restoration to be considered successful, and 
monitoring protocol(s). Following the completion of construction activities within the 
restoration area, the restoration plan will be implemented for a minimum of 5 years, unless 
success criteria are met earlier and all artificial water has been off for at least 2 years. 

4. Fiber rolls used as BMP's during construction will be made from biodegradable materials 
such as jute, with no plastic mesh, to avoid creating a wildlife entanglement hazard. 

5. All food-related trash items will be enclosed in sealed containers and regularly removed 
from the site. 

6. Pets of project personnel will not be allowed on the project site. 

Because the above measures have been incorporated into the project, we concur with your 
determination that the proposed project is not likely to adversely affect the gnatcatcher. No 
breeding pairs will be impacted, and the temporary loss of a small amount of dispersal habitat 
is likely to have an insignificant effect on the gnatcatcher populations to the north and south of 
SR-9 1. 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 will 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 (MBTA) of 191 8, 
as amended (1 6 U.S.C. 5 5 703 -7 12). In order to avoid violation of the MBTA, Caltrans will 
avoid take of active nests through implementation of the following measures (NES 2008): 

1. All vegetation clearing and tree removal activities would be conducted outside of the 
February 15 - August 3 1 bird nesting season to the best extent practicable. In the event that 
vegetation clearing is necessary during the nesting season, a qualified biologist would 
conduct a preconstruction survey to identify the locations of nests. Should nesting birds be 
found, an exclusionary buffer will be established by the biologist. This buffer will be 
clearly marked in the field, and construction or clearing will not be conducted within this 
zone until the biologist determines that the young have fledged or the nest is no longer 
active. 

2. In order to ensure that any burrowing owls that may occupy the site in the future are not 
affected by construction activities, preconstruction burrowing owl surveys will be 
conducted prior to any phase of construction. 
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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, 

G . - I ~ a r e n  A. Goebel 
Assistant Field Supervisor 



Enclosure 1: NATIONWIDE PERMIT NUMBER(S) NWP 14 Linear Transportation Projects. TERMS AND CONDITIONS 

1. Nationwide Permit(s) NWP 14 Linear Transportation Projects. Terms: 

Your activity is authorized under Nationwide Permit Number(s) NWP 14 Linear Transportation Projects. subject to the following 
terms: 

14. Linear Transportation Projects. Activities required for the construction, expansion, modification, or improvement of linear 
transportation projects (e.g., roads, highways, railways, trails, airport runways, and taxiways) in waters of the United States. For linear 
transportation projects in non-tidal waters, the discharge cannot cause the loss of greater than 112-acre of waters of the United States. 
For linear transportation projects in tidal waters, the discharge cannot cause the loss of greater than 113-acre of waters of the United 
States. Any stream channel modification, including bank stabilization, is limited to the minimum necessary to construct or protect the 
linear transportation project; such modifications must be in the immediate vicinity of the project. This NWP also authorizes 
temporary structures, fills, and work necessary to construct the linear transportation project. Appropriate measures must be taken to 
maintain normal downstream flows and minimize flooding to the maximum extent practicable, when temporary structures, work, and 
discharges, including cofferdams, are necessary for construction activities, access fills, or dewatering of construction sites. Temporary 
fills must consist of materials, and be placed in a manner, that will not be eroded by expected high flows. Temporary fills must be 
removed in their entirety and the affected areas returned to pre-construction elevations. The areas affected by temporary fills must be 
revegetated, as appropriate. This NWP cannot be used to authorize non-linear features commonly associated with transportation 
projects, such as vehicle maintenance or storage buildings, parking lots, train stations, or aircraft hangars. Notification: The 
permittee must submit a pre-construction notification to the district engineer prior to commencing the activity if: (1) the loss of waters 
of the United States exceeds 1/10 acre; or (2) there is a discharge in a special aquatic site, including wetlands. (See general condition 27.) 
(Sections 10 and 404) Note: Some discharges for the construction of farm roads or forest roads, or temporary roads for moving 
mining equipment, may qualify for an exemption under Section 404(f) of the Clean Water Act (see 33 CFR 323.4). 

Note: To qualify for NWP authorization, the prospective permittee must comply with the following general conditions, as appropriate, 
in addition to any regional or case-specific conditions imposed by the division engineer or district engineer. Prospective permittees 
should contact the appropriate Corps district office to determine if regional conditions have been imposed on an NWP. Prospective 
permittees should also contact the appropriate Corps district office to determine the status of Clean Water Act Section 401 water quality 
certification andlor Coastal Zone Management Act consistency for an NWP. 

2. Nationwide Permit General Conditions: 
The following general conditions must be followed in order for any authorization by an NWP to be valid: 

1. Navigation. 

(a) No activity may cause more than a minimal adverse effect on navigation. 

(b) Any safety lights and signals prescribed by the U.S. Coast Guard, through regulations or otherwise, must be installed and 
maintained at the permittee's expense on authorized facilities in navigable waters of the United States. 

(c) 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, 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. 

2. Aquatic Life Movements. No activity may substantially disrupt the necessary life cycle movements of those species of aquatic 
life indigenous to the waterbody, including those species that normally migrate through the area, unless the activity's primary 
purpose is to impound water. Culverts placed in streams must be installed to maintain low flow conditions. 

3. Spnzuning Areas. Activities in spawning areas during spawning seasons must be avoided to the maximum extent practicable. 
Activities that result in the physical destruction (e.g., through excavation, fill, or downstream smothering by substantial 
turbidity) of an important spawning area are not authorized. 



4. Migmtory Bird Breeding Areas. Activities in waters of the United States that serve as breeding areas for migratory birds must 
be avoided to the maximum extent practicable. 

5. Shellfish Beds. No activity may occur in areas of concentrated shellfish populations, unless the activity is directly related to a 
shellfish harvesting activity authorized by NWPs 4 and 48. 

6. Suitable Material. No activity may use unsuitable material (e.g., trash, debris, car bodies, asphalt, etc.). Material used for 
construction or discharged must be free from toxic pollutants in toxic amounts (see Section 307 of the Clean Water Act). 

7. Water S~ lpp l y  Intakes. No activity may occur in the proximity of a public water supply intake, except where the activity is for 
the repair or improvement of public water supply intake structures or adjacent bank stabilization. 

Adverse Effects From Impoundments. If the activity creates an impoundment of water, adverse effects to the aquatic system due 
to accelerating the passage of water, and/or restricting its flow must be minimized to the maximum extent practicable. 

Management of Water Flows. To the maximum extent practicable, the preconstruction course, condition, capacity, and location 
of open waters must be maintained for each activity, including stream channelization and storm water management activities, 
except as provided below. The activity must be constructed to withstand expected high flows. The activity must not restrict or 
impede the passage of normal or high flows, unless the primary purpose of the activity is to impound water or manage high 
flows. The activity may alter the preconstruction course, condition, capacity, and location of open waters if it benefits the 
aquatic environment (e.g., stream restoration or relocation activities). 

Fills Wi th in  100-Year Floodplains. The activity must comply with applicable FEMA-approved state or local floodplain 
management requirements. 

Equipn-lent. Heavy equipment working in wetlands or mudflats must be placed on mats, or other measures must be taken to 
minimize soil disturbance. 

Soil Erosion and Sediment Controls. Appropriate soil erosion and sediment controls must be used and maintained in effective 
operating condition during construction, and all exposed soil and other fills, as well as any work below the ordinary high 
water mark or high tide line, must be permanently stabilized at the earliest practicable date. Permittees are encouraged to 
perform work within waters of the United States during periods of low-flow or no-flow. 

Removal of Temporary Fills. Temporary fills must be removed in their entirety and the affected areas returned to pre- 
construction elevations. The affected areas must be revegetated, as appropriate. 

Proper Maintenance. Any authorized structure or fill shall be properly maintained, including maintenance to ensure public 
safety. 

Wild and Scenic Rivers. No activity may occur in a component of the National Wild and Scenic River System, or in a river 
officially designated by Congress as a "study river" for possible inclusion in the system while the river is in an official study 
status, unless the appropriate Federal agency with direct management responsibility for such river, has determined in writing 
that the proposed activity will not adversely affect the Wild and Scenic River designation or study status. Information on Wild 
and Scenic Rivers may be obtained from the appropriate Federal land management agency in the area (e.g., National Park 
Service, U.S. Forest Service, Bureau of Land Management, U.S. Fish and Wildlife Service). 

Tribal Rights. No activity or its operation may impair reserved tribal rights, including, but not limited to, reserved water rights 
and treaty fishing and hunting rights. 

Endangered Species. 

(a) No activity is authorized under any NWP which is likely to jeopardize the continued existence of a threatened or 
endangered species or a species proposed for such designation, as identified under the Federal Endangered Species Act (ESA), 
or which will destroy or adversely modify the critical habitat of such species. No activity is authorized under any NWP which 
"may affect" a listed species or critical habitat, unless Section 7 consultation addressing the effects of the proposed activity has 
been completed. 

(b) Federal agencies should follow their own procedures for complying with the requirements of the ESA. Federal permittees 



must provide the district engineer with the appropriate documentation to demonstrate compliance with those requirements 

(c) Non-federal permittees shall notify the district engineer if any listed species or designated critical habitat might be affected 
or is in the vicinity of the project, or if the project is located in designated critical habitat, and shall not begin work on the 
activity until notified by the district engineer that the requirements of the ESA have been satisfied and that the activity is 
authorized. For activities that might affect Federally-listed endangered or threatened species or designated critical habitat, the 
pre-construction notification must include the name(s) of the endangered or threatened species that may be affected by the 
proposed work or that utilize the designated critical habitat that may be affected by the proposed work. The district engineer 
will determine whether the proposed activity "may affect" or will have "no effect" to listed species and designated critical 
habitat and will notify the non-Federal applicant of the Corps' determination within 45 days of receipt of a complete pre- 
construction notification. In cases where the non-Federal applicant has identified listed species or critical habitat that might be 
affected or is in the vicinity of the project, and has so notified the Corps, the applicant shall not begin work until the Corps has 
provided notification the proposed activities will have "no effect" on listed species or critical habitat, or until Section 7 
consultation has been completed. 

(d) As a result of formal or informal consultation with the FWS or NMFS the district engineer may add speciesspecific 
regional endangered species conditions to the NWPs. (e) Authorization of an activity by a NWP does not authorize the "take" 
of a threatened or endangered species as defined under the ESA. In the absence of separate authori~ation (e.g., an ESA Section 
10 Permit, a Biological Opinion with "incidental take" provisions, etc.) from the U.S. FWS or the NMFS, both lethal and non- 
lethal "takes" of protected species are in violation of the ESA. Information on the location of threatened and endangered 
species and their critical habitat can be obtained directly from the offices of the U.S. FWS and NMFS or their world wide Web 
pages at http:llwww.fis.govl and http:llzuww.noaa.govlfisheries.html respectively. 

18. Historic Puopeuties. 

(a) In cases where the district engineer determines that the activity may affect properties listed, or eligible for listing, in the 
National Register of Historic Places, the activity is not authorized, until the requirements of Section 106 of the National 
Historic Preservation Act (NHPA) have been satisfied. 

(b) Federal permittees should follow their own procedures for complying with the requirements of Section 106 of the National 
Historic Preservation Act. Federal permittees must provide the district engineer with the appropriate documentation to 
demonstrate compliance with those requirements. 

(c) Non-federal permittees must submit a pre-construction notification to the district engineer if the authorized activity may 
have the potential to cause effects to any historic properties listed, determined to be eligible for listing on, or potentially 
eligible for listing on the National Register of Historic Places, including previously unidentified properties. For such activities, 
the preconstruction notification must state which historic properties may be affected by the proposed work or include a 
vicinity map indicating the location of the historic properties or the potential for the presence of historic properties. Assistance 
regarding information on the location of or potential for the presence of historic resources can be sought from the State 
Historic Preservation Officer or Tribal Historic Preservation Officer, as appropriate, and the National Register of Historic 
Places (see 33 CFR 330.4(g)). The district engineer shall make a reasonable and good faith effort to carry out appropriate 
identification efforts, which may include background research, consultation, oral history interviews, sample field 
investigation, and field survey. Based on the information submitted and these efforts, the district engineer shall determine 
whether the proposed activity has the potential to cause an effect on the historic properties. Where the non-Federal applicant 
has identified historic properties which the activity may have the potential to cause effects and so notified the Corps, the non- 
Federal applicant shall not begin the activity until notified by the district engineer either that the activity has no potential to 
cause effects or that consultation under Section 106 of the NHPA has been completed. 

(d) The district engineer will notify the prospective permittee within 45 days of receipt of a complete preconstruction 
notification whether NHPA Section 106 consultation is required. Section 106 consultation is not required when the Corps 
determines that the activity does not have the potential to cause effects on historic properties (see 36 CFR 800.3(a)). If NHPA 
section 106 consultation is required and will occur, the district engineer will notify the non-Federal applicant that he or she 
cannot begin work until Section 106 consultation is completed. 

(e) Prospective permittees should be aware that section 110k of the NHPA (16 U.S.C. 470h-2(k)) prevents the Corps from 
granting a permit or other assistance to an applicant who, with intent to avoid the requirements of Section 106 of the NHPA, 
has intentionally significantly adversely affected a historic property to which the permit would relate, or having legal power 
to prevent it, allowed such significant adverse effect to occur, unless the Corps, after consultation with the Advisory Council 
on Historic Preservation (ACHP), determines that circumstances justify granting such assistance despite the adverse effect 



created or permitted by the applicant. If circumstances justify granting the assistance, the Corps is required to notify the 
ACHP and provide documentation specifying the circumstances, explaining the degree of damage to the integrity of any 
historic properties affected, and proposed mitigation. This documentation must include any views obtained from the 
applicant, SHPOITHPO, appropriate Indian tribes if the undertaking occurs on or affects historic properties on tribal lands or 
affects properties of interest to those tribes, and other parties known to have a legitimate interest in the impacts to the 
permitted activity on historic properties. 

19. Designated Critical Resource Waters. Critical resource waters include: NOAA-designated marine sanctuaries, National 
Estuarine Research Reserves, state natural heritage sites, and outstanding national resource waters or other waters officially 
designated by a state as having particular environmental or ecological significance and identified by the district engineer after 
notice and opportunity for public comment. The district engineer may also designate additional critical resource waters after 
notice and opportunity for comment. 

(a) Discharges of dredged or fill material into waters of the United States are not authorized by NWPs 7,12,14,16,17,21,29, 
31, 35,39,40, 42,43,44, 49, and 50 for any activity within, or directly affecting, critical resource waters, including wetlands 
adjacent to such waters. 

(b) For NWPs 3, 8, 10, 13, 15, 18, 19, 22, 23, 25, 27, 28, 30, 33, 34, 36, 37, and 38, notification is required in accordance with 
general condition 27, for any activity proposed in the designated critical resource waters including wetlands adjacent to those 
waters. The district engineer may authorize activities under these NWPs only after it is determined that the impacts to the 
critical resource waters will be no more than minimal. 

20. Mitigation. The district engineer will consider the following factors when determining appropriate and practicable mitigation 
necessary to ensure that adverse effects on the aquatic environment are minimal: 

(a) The activity must be designed and constructed to avoid and minimize adverse effects, both temporary and permanent, to 
waters of the United States to the maximum extent practicable at the project site (it., on site). 

(b) Mitigation in all its forms (avoiding, minimizing, rectifying, reducing, or compensating) will be required to the extent 
necessary to ensure that the adverse effects to the aquatic environment are minimal. 

(c) Compensatory mitigation at a minimum one-for-one ratio will be required for all wetland losses that exceed I40 acre and 
require preconstruction notification, unless the district engineer determines in writing that some other form of mitigation 
would be more environmentally appropriate and provides a project-specific waiver of this requirement. For wetland losses of 
Ll0 acre or less that require pre-construction notification, the district engineer may determine on a case-by-case basis that 
compensatory mitigation is required to ensure that the activity results in minimal adverse effects on the aquatic environment. 
Since the likelihood of success is greater and the impacts to potentially valuable uplands are reduced, wetland restoration 
should be the first compensatory mitigation option considered. 

(d) For losses of streams or other open waters that require pre-construction notification, the district engineer may require 
compensatory mitigation, such as stream restoration, to ensure that the activity results in minimal adverse effects on the 
aquatic environment. 

(e) Compensatory mitigation will not be used to increase the acreage losses allowed by the acreage limits of the NWPs. For 
example, if an NWP has an acreage limit of 1R acre, it cannot be used to authorize any project resulting in the loss of greater 
than 1R acre of waters of the United States, even if compensatory mitigation is provided that replaces or restores some of the 
lost waters. However, compensatory mitigation can and should be used, as necessary, to ensure that a project already meeting 
the established acreage limits also satisfies the minimal impact requirement associated with the NWPs. 

( f )  Compensatory mitigation plans for projects in or near streams or other open waters will normally include a requirement 
for the establishment, maintenance, and legal protection (e.g., conservation easements) of riparian areas next to open waters. 
In some cases, riparian areas may be the only compensatory mitigation required. Riparian areas should consist of native 
species. The width of the required riparian area will address documented water quality or aquatic habitat loss concerns. 
Normally, the riparian area will be 25 to 50 feet wide on each side of the stream, but the district engineer may require slightly 
wider riparian areas to address documented water quality or habitat loss concerns. Where both wetlands and open waters 
exist on the project site, the district engineer will determine the appropriate compensatory mitigation (e.g., riparian areas 
and/or wetlands compensation) based on what is best for the aquatic environment on a watershed basis. In cases where 
riparian areas are determined to be the most appropriate form of compensatory mitigation, the district engineer may waive or 
reduce the requirement to provide wetland compensatory mitigation for wetland losses. 



(g) Permittees may propose the use of mitigation banks, in-lieu fee arrangements or separate activity-specific compensatory 
mitigation. In all cases, the mitigation provisions will specify the party responsible for accomplishing and/or complying with 
the mitigation plan. 

(h) Where certain functions and services of waters of the United States are permanently adversely affected, such as the 
conversion of a forested or scrub-shrub wetland to a herbaceous wetland in a permanently maintained utility line right-of 
way, mitigation may be required to reduce the adverse effects of the project to the minimal level. 

21. Water Quality. Where States and authorized Tribes, or EPA where applicable, have not previously certified compliance of an 
NWP with CWA Section 401, individual 401 Water Quality Certification must be obtained or waived (see 33 CFR 330.4(c)). 
The district engineer or State or Tribe may require additional water quality management measures to ensure that the 
authorized activity does not result in more than minimal degradation of water quality. 

22. Coastal Zone Management. In coastal states where an NWP has not previously received a state coastal zone management 
consistency concurrence, an individual state coastal zone management consistency concurrence must be obtained, or a 
presumption of concurrence must occur (see 33 CFR 330.4(d)). The district engineer or a State may require additional 
measures to ensure that the authorized activity is consistent with state coastal zone management requirements. 

23. Regional and Case-By-Case Conditions. The activity must comply with any regional conditions that may have been added by the 
Division Engineer (see 33 CFR 330.4(e)) and with any case specific conditions added by the Corps or by the state, Indian Tribe, 
or U.S. EPA in its section 401 Water Quality Certification, or by the state in its Coastal Zone Management Act consistency 
determination. 

24. Use ofMultiple Nationwide Permits. The use of more than one NWP for a single and complete project is prohibited, except 
when the acreage loss of waters of the United States authorized by the NWPs does not exceed the acreage limit of the NWP 
with the highest specified acreage limit. For example, if a road crossing over tidal waters is constructed under NWP 14, with 
associated bank stabilization authorized by NWP 13, the maximum acreage loss of waters of the United States for the total 
project cannot exceed 1/3-acre. 

25. Transfer of Nationzvide Permit Verifications. If the permittee sells the property associated with a nationwide permit verification, 
the permittee may transfer the nationwide permit verification to the new owner by submitting a letter to the appropriate 
Corps district office to validate the transfer. A copy of the nationwide permit verification must be attached to the letter, and 
the letter must contain the following statement and signature: 

"When the structures or work authorized by this nationwide permit are still in existence at the time the property is 
transferred, the terms and conditions of this nationwide permit, including any special conditions, will continue to be binding 
on the new owner(s) of the property. To validate the transfer of this nationwide permit and the associated liabilities associated 
with compliance with its terms and conditions, have the transferee sign and date below." 

(Transferee) (Date) 

26. Compliance Certification. Each permittee who received an NWP verification from the Corps must submit a signed certification 
regarding the completed work and any required mitigation. The certification form must be forwarded by the Corps with the 
NWP verification letter and will include: 

(a) A statement that the authorized work was done in accordance with the NWP authorization, including any general or 
specific conditions; 

(b) A statement that any required mitigation was completed in accordance with the permit conditions; and 

(c) The signature of the permittee certifying the completion of the work and mitigation. 

27. Pre-Constn~ction Notification. 

(a) Timing. Where required by the terms of the NWP, the prospective permittee must notify the district engineer by 
submitting a pre-construction notification (PCN) as early as possible. The district engineer must determine if the PCN is 



complete within 30 calendar days of the date of receipt and, as a general rule, will request additional information necessary to 
make the PCN complete only once. However, if the prospective permittee does not provide all of the requested information, 
then the district engineer will notify the prospective permittee that the PCN is still incomplete and the PCN review process 
will not commence until all of the requested information has been received by the district engineer. The prospective permittee 
shall not begin the activity: 

(1) Until notified in writing by the district engineer that the activity may proceed under the NWP with any special 
conditions imposed by the district or division engineer; or 

(2) If 45 calendar days have passed from the district engineer's receipt of the complete PCN and the prospective 
permittee has not received written notice from the district or division engineer. However, if the permittee was 
required to notify the Corps pursuant to general condition 17 that listed species or critical habitat might be 
affected or in the vicinity of the project, or to notify the Corps pursuant to general condition 18 that the activity 
may have the potential to cause effects to historic properties, the permittee cannot begin the activity until 
receiving written notification from the Corps that is "no effect" on listed species or "no potential to cause 
effects" on historic properties, or that any consultation required under Section 7 of the Endangered Species Act 
(see 33 CFR 330.4(f)) and/or Section 106 of the National Historic Preservation (see 33 CFR 330.4(g)) is completed. 
Also, work cannot begin under NWPs 21,49, or 50 until the permittee has received written approval from the 
Corps. If the proposed activity requires a written waiver to exceed specified limits of an NWP, the permittee 
cannot begin the activity until the district engineer issues the waiver. If the district or division engineer notifies 
the permittee in writing that an individual permit is required within 45 calendar days of receipt of a complete 
PCN, the permittee cannot begin the activity until an individual permit has been obtained. Subsequently, the 
permittee's right to proceed under the NWP may be modified, suspended, or revoked only in accordance with 
the procedure set forth in 33 CFR 330.5(d)(2). 

(b) Contents 
(1) 
(2) 
(3) 

of Pre-Construction Notification: The PCN must be in writing and include the following information: 
Name, address and telephone numbers of the prospective permittee; 
Location of the proposed project; 
A description of the proposed project; the project's purpose; direct and indirect adverse environmental effects 
the project would cause; any other NWP(s), regional general permit(s), or individual permit(s) used or intended 
to be used to authorize any part of the proposed project or any related activity. The description should be 
sufficiently detailed to allow the district engineer to determine that the adverse effects of the project will be 
minimal and to determine the need for compensatory mitigation. Sketches should be provided when necessary 
to show that the activity complies with the terms of the NWP. (Sketches usually clarify the project and when 
provided result in a quicker decision.); 
The PCN must include a delineation of special aquatic sites and other waters of the United States on the project 
site. Wetland delineations must be prepared in accordance with the current method required by the Corps. The 
permittee may ask the Corps to delineate the special aquatic sites and other waters of the United States, but there 
may be a delay if the Corps does the delineation, especially if the project site is large or contains many waters of 
the United States. Furthermore, the 45 day period will not start until the delineation has been submitted to or 
completed by the Corps, where appropriate; 
If the proposed activity will result in the loss of greater than y10 acre of wetlands and a PCN is required, the 
prospective permittee must submit a statement describing how the mitigation requirement will be satisfied. As 
an alternative, the prospective permittee may submit a conceptual or detailed mitigation plan; 
If any listed species or designated critical habitat might be affected or is in the vicinity of the project, or if the 
project is located in designated critical habitat, for non-Federal applicants the PCN must include the name(s) of 
those endangered or threatened species that might be affected by the proposed work or utilize the designated 
critical habitat that may be affected by the proposed work. Federal applicants must provide documentation 
demonstrating compliance with the Endangered Species Act; and 
For an activity that may affect a historic property listed on, determined to be eligible for listing on, or potentially 
eligible for listing on, the National Register of Historic Places, for non-Federal applicants the PCN must state 
which historic property may be affected by the proposed work or include a vicinity map indicating the location 
of the historic property. Federal applicants must provide documentation demonstrating compliance with 
Section 106 of the National Historic Preservation Act. 

(c) Form of Pre-Construction Notification: The standard individual permit application form (Form ENG 4345) may be used, but 
the completed application form must clearly indicate that it is a PCN and must include all of the information required in 
paragraphs (b)(l) through (7) of this general condition. A letter containing the required information may also be used. 

(d) Agency Cooudination: 
(1) The district engineer will consider any comments from Federal and state agencies concerning the proposed 



activity's compliance with the terms and conditions of the NWPs and the need for mitigation to reduce the 
project's adverse environmental effects to a minimal level. 

(2) For all NWP 48 activities requiringpre-construction notification and for other NWP activities requiring 
preconstruction notification to the district engineer that result in the loss of greater than W-acre of waters of the 
United States, the district engineer will immediately provide (e.g., via facsimile transmission, overnight mail, or 
other expeditious manner) a copy of the PCN to the appropriate Federal or state offices (U.S. FWS, state natural 
resource or water quality agency, EPA, State Historic Preservation Officer (SHPO) or Tribal Historic Preservation 
Office (THPO), and, if appropriate, the NMFS). With the exception of NWP 37, these agencies will then have 10 
calendar days from the date the material is transmitted to telephone or fax the district engineer notice that they 
intend to provide substantive, site-specific comments. If so contacted by an agency, the district engineer will 
wait an additional 15 calendar days before making a decision on the preconstruction notification. The district 
engineer will fully consider agency comments received within the specified time frame, but will provide no 
response to the resource agency, except as provided below. The district engineer will indicate in the 
administrative record associated with each preconstruction notification that the resource agencies' concerns 
were considered. For NWP 37, the emergency watershed protection and rehabilitation activity may proceed 
immediately in cases where there is an unacceptable hazard to life or a significant loss of property or economic 
hardship will occur. The district engineer will consider any comments received to decide whether the NWP 37 
authori~ation should be modified, suspended, or revoked in accordance with the procedures at 33 CFR 330.5. 

(3) In cases of where the prospective permittee is not a Federal agency, the district engineer will provide a response 
to NMFS within 30 calendar days of receipt of any Essential Fish Habitat conservation recommendations, as 
required by Section 305(b)(4)(B) of the Magnuson-Stevens Fishery Conservation and Management Act. 

(4) Applicants are encouraged to provide the Corps multiple copies of pre-construction notifications to expedite 
agency coordination. 

(5) For NWP 48 activities that require reporting, the district engineer will provide a copy of each report within 10 
calendar days of receipt to the appropriate regional office of the NMFS. 

(e) District Engineer's Decision: In reviewing the PCN for the proposed activity, the district engineer will determine whether 
the activity authorized by the NWP will result in more than minimal individual or cumulative adverse environmental effects 
or may be contrary to the public interest. If the proposed activity requires a PCN and will result in a loss of greater than M 0  
acre of wetlands, the prospective permittee should submit a mitigation proposal with the PCN. Applicants may also propose 
compensatory mitigation for projects with smaller impacts. The district engineer will consider any proposed compensatory 
mitigation the applicant has included in the proposal in determining whether the net adverse environmental effects to the 
aquatic environment of the proposed work are minimal. The compensatory mitigation proposal may be either conceptual or 
detailed. If the district engineer determines that the activity complies with the terms and conditions of the NWP and that the 
adverse effects on the aquatic environment are minimal, after considering mitigation, the district engineer will notify the 
permittee and include any conditions the district engineer deems necessary. The district engineer must approve any 
compensatory mitigation proposal before the permittee commences work. If the prospective permittee elects to submit a 
compensatory mitigation plan with the PCN, the district engineer will expeditiously review the proposed compensatory 
mitigation plan. The district engineer must review the plan within 45 calendar days of receiving a complete PCN and 
determine whether the proposed mitigation would ensure no more than minimal adverse effects on the aquatic environment. 
If the net adverse effects of the project on the aquatic environment (after consideration of the compensatory mitigation 
proposal) are determined by the district engineer to be minimal, the district engineer will provide a timely written response to 
the applicant. The response will state that the project can proceed under the terms and conditions of the NWP. 

If the district engineer determines that the adverse effects of the proposed work are more than minimal, then the district 
engineer will notify the applicant either: 

(1) That the project does not qualify for authorization under the NWP and instruct the applicant on the procedures 
to seek authorization under an individual permit; 

(2) that the project is authorized under the NWP subject to the applicant's submission of a mitigation plan that 
would reduce the adverse effects on the aquatic environment to the minimal level; or 

(3) that the project is authorized under the NWP with specific modifications or conditions. 
Where the district engineer determines that mitigation is required to ensure no more than minimal adverse effects occur 

to the aquatic environment, the activity will be authori~ed within the 45-day PCN period. The authori~ation will include the 
necessary conceptual or specific mitigation or a requirement that the applicant submit a mitigation plan that would reduce the 
adverse effects on the aquatic environment to the minimal level. When mitigation is required, no work in waters of the United 
States may occur until the district engineer has approved a specific mitigation plan. 

28. Single and Complete Project. The activity must be a single and complete project. The same NWP cannot be used more than once 
for the same single and complete project. 



Regional Conditions for the Los Angeles District: 

In accordance with General Condition Number 23, "Regional and Case-by-Case Conditions," the following Regional 
Conditions, as added by the Division Engineer, must be met in order for an authorization by any Nationwide to be valid: 

1. For coastal watersheds from the southern reach of the Santa Monica Mountains in Los Angeles County to the San Luis Obispo 
County/Monterey County boundary, all road crossings must employ a bridge crossing design that ensures passage and/or 
spawning of steelhead (Oncorkynckus mykiss) is not hindered in any way. In these areas, bridge designs that span the stream 
or river, including designs for pier- or pile-supported spans, or designs based on use of a bottomless arch culvert simulating 
the natural stream bed (i.e., substrate and streamflow conditions in the culvert are similar to undisturbed stream bed channel 
conditions) shall be employed unless it can be demonstrated the stream or river does not support resources conducive to the 
recovery of federally listed anadromous salmonids, including migration of adults and smolts, or rearing and spawning. This 
proposal also excludes approach embankments into the channel unless they are determined to have no detectable effect on 
steelhead. 

2. For the State of Arizona and the Mojave and Sonoran (Colorado) desert regions of California in Los Angeles District (generally 
north and east of the San Gabriel, San Bernardino, San Jacinto, and Santa Rosa mountain ranges, and south of Little Lake, Inyo 
County), no nationwide permit, except Nationwide Permits 1 (Aids to Navigation), 2 (Structures in Artificial Canals), 3 
(Maintenance), 4 (Fish and Wildlife Harvesting, Enhancement, and Attraction Devices and Activities), 5 (Scientific 
Measurement Devices), 6 (Survey Activities), 9 (Structures in Fleeting and Anchorage Areas), 10 (Mooring Buoys), 11 
(Temporary Recreational Structures), 20 (Oil Spill Cleanup), 22 (Removal of Vessels), 27 (Stream and Wetland Restoration 
Activities), 30 (Moist Soil Management for Wildlife), 31 (Maintenance of Existing Flood Control Projects), 32 (Completed 
Enforcement Actions), 35 (Maintenance Dredging of Existing Basins), 37 (Emergency Watershed Protection and 
Rehabilitation), 38 (Cleanup of Hazardous and Toxic Waste) and 47 (Pipeline Safety Program Designated Time Sensitive 
Inspections and Repairs), or other nationwide or regional general permits that specifically authorize maintenance of 
previously authorized structures or fill, can be used to authorize the discharge of dredged or fill material into a jurisdictional 
special aquatic site as defined at 40 CFR Part 230.40-45 (sanctuaries and refuges, wetlands, mudflats, vegetated shallows, coral 
reefs, and riffle-and-pool complexes). 

3. For all projects proposed for authorization by nationwide or regional general permits where prior notification to the district 
engineer is required, applicants must provide color photographs or color photocopies of the project area taken from 
representative points documented on a site map. Pre-project photographs and the site map would be provided with the 
permit application. Photographs should represent conditions typical or indicative of the resources before impacts. 

4. Notification pursuant to general condition 27 shall be required for projects in all special aquatic sites as defined at 40 CFR Part 
230.40-45 (sanctuaries and refuges, wetlands, mudflats, vegetated shallows, coral reefs, and riffle-and-pool complexes), and in 
all perennial waterbodies in the State of Arizona and the Mojave and Sonoran (Colorado) desert regions of California in Los 
Angeles District (generally north and east of the San Gabriel, San Bernardino, San Jacinto, and Santa Rosa mountain ranges, 
and south of Little Lake, Inyo County), excluding the Colorado River from Davis Dam downstream to the north end of Topock 
and downstream of Imperial Dam (Federal Register dated March 12,2007 (72 FR 11092) - regional conditions requiring 
notification do not apply to Nationwide Permit 47). 

5. Notification pursuant to general condition 27 shall be required for projects in all areas designated as Essential Fish Habitat by 
the Pacific Fishery Management Council (i.e., all tidally influenced areas - Federal Register dated March 12,2007 (72 FR 
11092), regional conditions requiring notification do not apply to Nationwide Permit 47). 

6. Notification pursuant to general condition 27 shall be required for projects in all watersheds in the Santa Monica Mountains in 
Los Angeles and Ventura counties bounded by Calleguas Creek on the west, by Highway 101 on the north and east, and by 
Sunset Boulevard and Pacific Ocean on the south (Federal Register dated March 12,2007 (72 FR 11092) - regional conditions 
requiring notification do not apply to Nationwide Permit 47). 

7. Individual permits shall be required for all discharges of fill material in jurisdictional vernal pools. 



8. Individual permits shall be required in Murrieta Creek and Temecula Creek watersheds in Riverside County for new 
permanent fills in perennial and intermittent watercourses otherwise authorized under NWPs 29,39,42 and 43, and in 
ephemeral watercourses for these NWPs for projects that impact greater than 0.1 acre of waters of the United States. In 
addition, when NWP 14 is used in conjunction with residential, commercial, or industrial developments the 0.1 acre limit 
would also apply. 

9. Individual permits shall be required in San Luis Obispo Creek and Santa Rosa Creek in San Luis Obispo County for bank 
stabilization projects, and in Gaviota Creek, Mission Creek and Carpinteria Creek in Santa Barbara County for bank 
stabilization projects and grade control structures. 

10. Notification pursuant to general condition 27 shall be required for projects in the Santa Clara River watershed in Los Angeles 
and Ventura counties, including but not limited to Aliso Canyon, Agua Dulce Canyon, Sand Canyon, Bouquet Canyon, Mint 
Canyon, South Fork of the Santa Clara River, San Francisquito Canyon, Castaic Creek, Piru Creek, Sespe Creek and the main- 
stem of the Santa Clara River (Federal Register dated March 12,2007 (72 FR 11092) - regional conditions requiring notification 
do not apply to Nationwide Permit 47). 

4. Further information: 
1. Congressional Authorities: You have been authorized to undertake the activity described above pursuant to: 

( ) Section 10 of the Rivers and Harbors Act of 1899 (33 U.S.C. 403). 
(x) Section 404 of the Clean Water Act (33 U.S.C. 1344). 
( ) Section 103 of the Marine Protection, Research and Sanctuaries Act of 1972 (33 U.S.C. 1413). 

2. Limits of this authorization. 
(a) This permit does not obviate the need to obtain other Federal, state, or local authorizations required by law. 
(b) This permit does not grant any property rights or exclusive privileges. 
(c) This permit does not authorize any injury to the property or rights of others. 
(d) This permit does not authorize interference with any existing or proposed Federal project. 

3. Limits of Federal Liability. In issuing this permit, the Federal Government does not assume any liability for the following: 
(a) Damages to the permitted project or uses thereof as a result of other permitted or unpermitted activities or from 
natural causes. 
(b) Damages to the permitted project or uses thereof as a result of current or future activities undertaken by or on behalf 

of the United States in the public interest. 
(c) Damages to persons, property, or to other permitted or unpermitted activities or structures caused by the activity 

authorized by this permit. 
(d) Design or construction deficiencies associated with the permitted work. 
(e) Damage claims associated with any future modification, suspension, or revocation of this permit. 

4. Reliance on Applicant's Data: The determination of this office that issuance of this permit is not contrary to the public interest 
was made in reliance on the information you provided. 

5. Reevaluation of Permit Decision. This office may reevaluate its decision on this permit at any time the circumstances warrant. 
Circumstances that could require a reevaluation include, but are not limited to, the following: 

(a) You fail to comply with the terms and conditions of this permit. 
(b) The information provided by you in support of your permit application proves to have been false, incomplete, or 

inaccurate (See 4 above). 

(c) Significant new information surfaces which this office did not consider in reaching the original public interest 
decision. 

Such a reevaluation may result in a determination that it is appropriate to use the suspension, modification, and revocation 
procedures contained in 33 CFR 330.5 or enforcement procedures such as those contained in 33 CFR 326.4 and 326.5. The 
referenced enforcement procedures provide for the issuance of an administrative order requiring you to comply with the 
terms and conditions of your permit and for the initiation of legal action where appropriate. You will be required to pay for 
any corrective measure ordered by this office, and if you fail to comply with such directive, this office may in certain 
situations (such as those specified in 33 CFR 209.170) accomplish the corrective measures by contract or otherwise and bill you 



for the cost. 

6. This letter of verification is valid for a period not to exceed two years unless the nationwide permit is modified, reissued, 
revoked, or expires before that time. 

7. You must maintain the activity authorized by this permit in good condition and in conformance with the terms and conditions 
of this permit. You are not relieved of this requirement if you abandon the permitted activity, although you may make a good 
faith transfer to a third party in compliance with General Condition H below. Should you wish to cease to maintain the 
authorized activity or should you desire to abandon it without a good faith transfer, you must obtain a modification of this 
permit from this office, which may require restoration of the area. 

8. You must allow representatives from this office to inspect the authorized activity at any time deemed necessary to ensure that 
it is being or has been accomplished with the terms and conditions of your permit. 



United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

Ecological Services 
Carlsbad Fish and Wildlife Office - 

60 10 Hidden Valley Road, Suite 10 1 
Carlsbad, ~alifornia 9201 1 

In Reply Refer To: 
FWS-OR-08B0745-1010966 ocr 04'1010 
Colonel R. Mark Toy 
District Commander, Los Angeles 
U.S. Army Corps of Engineers 
P.O. Box 53271 1 
Los Angeles, California 90053-2325 

Mr. Chris Flynn 
Senior Environmental Planner 
California Department of Transportation 
District 12 
3337 Michelson Drive, Suite CN380 
Irvine, California 926 12-0699 

Attention: Sophia C. Huynh, Environmental Protection Specialist (SPL-2010-778-SCH), 
U.S. Army Corps of Engineers 

Arianne Preite, Associate Environmental Planner, California Department of 
Transportation 

Subject: Informal Section 7 Consultation for the SR-91 Widening Between SR-55 and SR- 
24 1, Orange County, California 

Dear Colonel Toy and Mr. Flynn: 

This is in response to your electronic correspondence dated September 9,201 0, requesting our 
concurrence with your determination that the subject project is not likely to adversely affect the 
federally threatened coastal California gnatcatcher (Polioptila californica californica, 
"gnatcatcher") in accordance with section 7 of the Endangered Species Act of 1973 (Act), as 
amended (16 U.S.C. 153 1 et seq.). The project is receiving Federal funding through the 
Federal Highway Administration (FHWA), and the California Department of Transportation 
(Caltrans) has assumed FHWA's 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 23 U.S.C. 327 (a)(2)(A). 
The U.S. Army Corps of Engineers (USACE) is also a Federal action agency because a permit 
is required from the USACE to conduct the work. 
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The proposed project is located along State Route 91 (SR-91) between State Route 55 (SR-55) 
to the west, and State Route 241 (SR-241) to the east, in Orange County, California. Caltrans 
proposes to add one mixed-flow lane on SR-91 eastbound from the SR-91lSR-55 connector at 
post mile (PM) 9.1 to east of the Weir Canyon Road Interchange (PM 15.4), and westbound 
from west of the SR-91lSR-241 interchange (PM 15.6) to the Imperial Highway (SR-90) 
interchange at PM 11 .l.  The total length of the project is 6.5 miles. 

We have reviewed the information provided to us, including SR-91 Widening Natural 
Environmental Study ("NES" July 2008). The gnatcatcher is known to occur in the vicinity of 
the project. We have over 30 data points for gnatcatchers within half a mile of the project 
dating from 1994 to 2007(Carlsbad Fish and Wildlife Office Geographic Information Systems 
Analysis, September 27,2010). Protocol surveys were conducted for the proposed project 
between December 2007 and April 2008. One gnatcatcher was observed south of the 
biological study area for the proposed project in December 2007, approximately 500 feet south 
of Caltrans' right-of-way. No gnatcatchers were observed within the project impact area (NES, 
Appendix F). In addition, the coastal sage scrub (CSS) south of the site where the gnatcatcher 
was observed has since burned in a wildfire. 

The project as proposed will result in 0.10 acre of permanent and 2.06 acres of temporary 
impacts to CSS. This CSS is located in two habitat fragments north of SR-91 and south of the 
Santa Ana River and areas of existing commercial development. Due to the small size and 
isolation of these habitat fragments, gnatcatcher breeding is not expected within these locations. 
While no gnatcatchers were observed within this CSS during project surveys, they are expected 
to occasionally move through these habitat fragments and along the Santa Ana River when 
dispersing between larger habitat areas that are located north and south of the site. 

The following measures have been incorporated into the project design to avoid and minimize 
impacts to the gnatcatcher: 

1. Right of WayIConstruction Limits, adjacent to CSS and riparianlriverine vegetation, will be 
designated as Environmentally Sensitive Areas (ESAs) on project plans. ESAs will be 
temporarily fenced, under the supervision of a qualified biologist, with highly visible 
barriers (e.g., orange construction fencing). No personnel, equipment, supplies, waste, or 
debris will be allowed within the ESAs. All construction equipment will be operated in 
such a manner as to prevent accidental damage to adjacent habitat areas. Silt fence barriers 
will be installed at the ESA boundaries to prevent the spread of silt from the construction 
zone into adjacent habitat areas. Temporary construction fencing will be removed upon 
project completion. 

2. Inspection and cleaning of construction equipment will be performed to minimize the 
importation of nonnative plant material, and eradication strategies (i.e., weed abatement 
programs) will be employed should an invasion occur. 
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3. Prior to initiating project impacts, a CSS restoration plan will be developed for the 
temporary impact area. The plan will be submitted to the Service for review and approval. 
This plan will include a detailed description of restoration methods, slope 
stabilization/erosion control, criteria for restoration to be considered successful, and 
monitoring protocol(s). Following the completion of construction activities within the 
restoration area, the restoration plan will be implemented for a minimum of 5 years, unless 
success criteria are met earlier and all artificial water has been off for at least 2 years. 

4. Fiber rolls used as BMP's during construction will be made from biodegradable materials 
such as jute, with no plastic mesh, to avoid creating a wildlife entanglement hazard. 

5. All food-related trash items will be enclosed in sealed containers and regularly removed 
from the site. 

6. Pets of project personnel will not be allowed on the project site. 

Because the above measures have been incorporated into the project, we concur with your 
determination that the proposed project is not likely to adversely affect the gnatcatcher. No 
breeding pairs will be impacted, and the temporary loss of a small amount of dispersal habitat 
is likely to have an insignificant effect on the gnatcatcher populations to the north and south of 
SR-91. 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 will 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 (MBTA) of 191 8, 
as amended (1 6 U.S.C. $ 5  703-712). In order to avoid violation of the MBTA, Caltrans will 
avoid take of active nests through implementation of the following measures (NES 2008): 

1. All vegetation clearing and tree removal activities would be conducted outside of the 
February 15 - August 3 1 bird nesting season to the best extent practicable. In the event that 
vegetation clearing is necessary during the nesting season, a qualified biologist would 
conduct a preconstruction survey to identify the locations of nests. Should nesting birds be 
found, an exclusionary buffer will be established by the biologist. This buffer will be 
clearly marked in the field, and construction or clearing will not be conducted within this 
zone until the biologist determines that the young have fledged or the nest is no longer 
active. 

2. In order to ensure that any burrowing owls that may occupy the site in the hture are not 
affected by construction activities, preconstruction burrowing owl surveys will be 
conducted prior to any phase of construction. 



Colonel R. Mark Toy and Mr. Chris Flynn (FWS-OR-08B074.5-1010966) 4 

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, 

46 ~ a r e n  A. Goebel 
Assistant Field Supervisor 
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M E M O R A N D U M  

 

 
DATE:  August 16, 2010 

 

TO:  Arianne Preite, District 12 Biologist 

 

FROM:  Jill Carpenter, Biologist 

 

SUBJECT:  Nighttime Bat Surveys at State Route 91 (SR-91) for the SR-91 Widening Project 

(SR-55 to SR-241) (LSA Project No. CDT1002) 

 

 

The purpose of this memorandum is to discuss the results of the nighttime bat surveys conducted on 

July 1, 6, 7, and 8, 2010, at five locations along State Route 91 (SR-91) between State Route 55 

(SR-55) and State Route 241 (SR-241) for the SR-91 Widening Project. A preliminary assessment 

was conducted within the project area in May 2008, during which four concrete box culverts were 

identified as containing day-roosting habitat, and one concrete box culvert was identified as a 

potential night roost. In addition to observations of bat sign (e.g., guano, staining) indicating potential 

use by roosting bats, day-roosting bats were visually observed during this assessment within some of 

the expansion joint crevices of these culverts.  

 

Follow-up nighttime bat surveys were conducted to confirm whether these culverts that were 

identified during the preliminary assessment as containing or potentially containing roosting habitat 

are utilized by bats for day roosting and/or night roosting, to ascertain the level of bat foraging and 

roosting activity at each of these locations, and to visually determine the approximate number of bats 

utilizing the roosts through exit counts. Acoustic monitoring was used during these surveys to aid in 

identifying the bat species present and to determine an index of relative bat activity for that site on 

that specific evening; however, it is not possible to determine the number of bats from the number of 

calls recorded. 

 

Day roosts are used by bats during the day for shelter from the elements and from predators, while a 

night roost refers to a structure (natural or humanmade) located near or in the foraging area in which 

bats roost during the evening between foraging bouts as an energy-saving strategy. Since bats have 

separate roosting and foraging habitat requirements, it is expected that some bats may utilize one area 

for foraging and another for roosting. Therefore, when assessing an area with regard to proposed 

alterations to habitat, a landscape-level approach is required to adequately determine potential 

impacts to bats. 

 

 

METHODS 

Nighttime surveys were conducted at Culverts C, D, E, and A on July 1, 6, 7, and 8, 2010, 

respectively. The locations of these culverts are provided in Figure 1 (all figures attached). Culvert B 

is located immediately adjacent to Culvert C and within the same drainage and was therefore 

surveyed concurrently with Culvert C. Each survey was initiated at 0.5 hour before sunset and 
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continued until 3 hours after sunset. Observers were stationed at various vantage points on either side 

of the structure being surveyed, in positions that would optimize visibility of the crevices or any area 

that might be used for day roosting. Prior to the initiation of the survey, each structure being surveyed 

was examined for the presence of bats and bat sign. Any bats observed were counted and the location 

in which they were roosting was noted; however, this method does not necessarily provide an 

accurate count since some bats may be roosting deep within crevices where they are not visible. 

During the survey, each structure containing potentially suitable habitat and its surrounding area were 

monitored for bat activity visually and acoustically with one ultrasonic detector on each side of the 

structure. At Culvert B, which does not contain day-roosting habitat, the structure was examined 

periodically throughout the evening to ascertain whether bats were utilizing the structure for night 

roosting. At the conclusion of each survey, a second count of roosting bats was undertaken to 

determine how many bats were present within the structure.  

 

Pettersson D240X detectors were used in time expansion mode to collect acoustic data during the 

entirety of the survey, and digital media players were used to record the data files. These data, 

consisting of full-spectrum sonograms of echolocation calls were subsequently analyzed using 

Sonobat 2.9 acoustic analysis software. Species identifications were made by comparing call 

recordings with a library of “voucher” calls from known hand-released bats. 

 

Some limitations are inherent in acoustic monitoring and in the analysis of acoustic data and include 

(but are not limited to) human bias and experience in data interpretation as well as the fact that some 

species are not equally detectable or may not be recorded at all. Some bats, such as Mexican free-

tailed bats (Tadarida brasiliensis mexicana), emit loud, low-frequency echolocation calls that can be 

recorded from great distances and will be overrepresented in the data, while “whispering” bats, such 

as Townsend’s big-eared bats (Corynorhinus townsendii), emit faint calls that may not be recorded at 

all. In addition, not all call sequences are identifiable; different bat species may use similar types of 

echolocation calls, or the same species may use different types of echolocation calls based on the 

activity being undertaken by that bat and the immediate environment or habitat. Finally, the species 

composition and activity levels recorded during a single visit to a site may not necessarily reflect 

long-term patterns of use (e.g., seasonal and nightly use of an area). 

 

 

RESULTS 

Bats were visually and acoustically detected at four of the five survey sites during the nighttime 

surveys. Table A presents the results of these surveys. Foraging bats were observed at all survey sites. 

Day and night roosting were confirmed at Culverts A, C, D, and E. At Culvert B, which does not 

contain day-roosting habitat, night roosting was not observed at any time during the survey. 
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Table A: Results of Nighttime Emergence and Acoustic Surveys 

Survey Location Date Type of Roost Species Detected 

Culvert A July 8, 2010 Day and night roost  MYYU*, TABR, EPFU 

Culvert B July 1, 2010 Potential night roost None 

Culvert C July 1, 2010 Day and night roost MYYU*, MYCA? 

Culvert D July 6, 2010 Day and night roost  MYYU*, TABR, EPFU 

Culvert E July 7, 2010 Day and night roost  MYYU*, EPFU^ 

Notes: * indicates a species confirmed to be day roosting in this location 

 ^ indicates a species that may be day roosting in this location 

             ? indicates a species that may have been detected during the nighttime survey; however, the data are inconclusive 

EPFU = Eptesicus fuscus 

MYCA = Myotis californicus 

MYYU = Myotis yumanensis 

TABR = Tadarida brasiliensis Mexicana 

 

 

Culvert A 

This triple-box culvert, found on Drainage Plan Sheet (Sheet) D-8, contains 20 unsealed crevices that 

are potentially suitable for roosting bats and seven crevices that are sealed with material and do not 

contain roosting habitat. The north side of this culvert connects to an open concrete channel, while the 

south side of this culvert is gated and connects to a concrete v-ditch that runs parallel and adjacent to 

SR-91 and is bordered by a variety of ornamental trees. During the visual examination of the 

expansion joint crevices within this culvert prior to the exit count, one bat was observed day roosting 

in the eastern box, and one bat was observed day roosting in the center box.  

 

It was difficult to determine the number of day-roosting bats exiting the structure since bats appeared 

to be exiting and reentering the structure frequently during the exit count portion of the survey; 

however, based on the survey results and quantity of bat sign within the culvert, it is probable that 

only a small number of bats utilizes this roost for day roosting, with more bats using this culvert as a 

night roost. Foraging bats were observed at both the north and south ends of the culvert, which 

entered and exited the culvert throughout the survey. In addition, bats were observed flying along the 

v-ditch near the south end of the culvert; these bats did not appear to exit or enter the structure, and 

were presumably in transit from one location to another. Foraging activity and possible night roosting 

were observed throughout the survey, particularly at the north end of the culvert. At the conclusion of 

the survey, no bats were visible inside the culvert. Acoustic analysis indicates that the day-roosting 

bats detected were Yuma myotis (Myotis yumanensis). Other bat species detected foraging in the 

vicinity included Mexican free-tailed bats and big brown bats (Eptesicus fuscus).  

 

Culvert B 

This triple-box culvert, found on Sheet D-15, does not contain any expansion joints or other crevices 

suitable for day-roosting bats; however, this culvert may serve as night-roosting habitat due to the 

basic structure of the culvert as well as the proximity of this culvert to high-quality foraging habitat 

along the Santa Ana River. The northern end of this culvert empties directly into the Santa Ana River, 

while the southern end of the culvert connects to an open concrete channel. Culvert C is located 

approximately 500 feet south of this culvert along the same concrete channel. 
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No day-roosting habitat is present within this structure. Although night-roosting bats may utilize the 

night-roosting habitat present within this culvert, no bats were observed or detected night roosting 

within this structure during these surveys. 

 

Culvert C 

This triple-box culvert, found on Sheet D-16 (Drainage System [DS] #24), contains 28 unsealed 

crevices that are potentially suitable for roosting bats and two crevices that are sealed with material 

and do not contain roosting habitat. The north and south ends of this culvert connect to an open 

concrete channel; Culvert B is located south of this culvert and is part of the same open concrete 

channel. During the visual examination of the crevices prior to the exit count, one bat was observed 

day roosting in the eastern box. 

 

It was difficult to determine the number of day-roosting bats exiting the structure since bats appeared 

to be exiting and reentering the structure frequently during the exit count portion of the survey; 

however, based on the survey results and quantity of bat sign within the culvert, it is probable that 

only a small number of bats utilizes this roost for day roosting, with more bats using this culvert as a 

night roost. Foraging activity and possible night roosting were observed throughout the survey at both 

the north and south ends of the culvert. At the conclusion of the survey, no bats were visible inside 

the culvert. Acoustic analysis indicates that the day-roosting bats detected were Yuma myotis and 

possibly California myotis (Myotis californicus). California myotis, which is known to occasionally 

roost in bridges, produces a call similar to that of Yuma myotis (both terminate at 50 kilohertz [kHz]). 

Some of the 50 kHz myotis calls recorded at this site may have been California myotis, but 

conclusive determination could not be made due to overlap in the call structure of the two species. No 

other bat species were detected roosting or foraging in the vicinity. 

 

Culvert D 

This triple-box culvert, found on Sheet D-17, contains 30 unsealed crevices that are potentially 

suitable for roosting bats. None of the expansion joint crevices within this culvert appear to be sealed 

with material. The northern end of this culvert (DS #27) empties directly into the Santa Ana River, 

while the southern end of the culvert (DS #28) connects to an open concrete channel. During the 

visual examination of the crevices prior to the exit count, at least 130 bats were observed visibly day 

roosting in the western box, approximately 13 bats were observed in the center box, and 

approximately 15 bats were observed roosting in the eastern box. The majority of the bats 

(approximately 115) roosting within the western box were found within a single crevice near the 

northern end of the culvert; this group of bats is likely a maternity colony consisting of mothers and 

flightless young. 

 

It was difficult to determine the number of day-roosting bats exiting the structure since bats appeared 

to be exiting and reentering the structure frequently during the exit count portion of the survey, and 

often in large numbers simultaneously. At the conclusion of the survey, a large number of bats were 

observed in the crevice in the western box containing the large number of day-roosting bats; several 

bats were also observed night roosting along the walls and ceiling of this culvert. At least 120 bats 

were observed exiting the triple-box culvert during the exit count. Foraging bats were observed at 

both the north and south ends of the culvert and entered and exited the culvert throughout the duration 

of the survey. At the conclusion of the survey, approximately 100 bats were visibly roosting in the 

western box of the culvert, and 2 bats were observed in the center box of the culvert. Acoustic 
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analysis indicates that the day-roosting bats were Yuma myotis. Other bat species detected foraging in 

the vicinity included Mexican free-tailed bats and big brown bats.  

 

Culvert E 

This double-box culvert, found on Sheet D-18, contains 18 unsealed crevices that are potentially 

suitable for roosting bats. None of the expansion joint crevices within this culvert appear to be sealed 

with material. The northern end of this culvert (DS #31) empties directly into the Santa Ana River, 

while the southern end of the culvert (DS #34) connects to a concrete v-ditch that runs parallel and 

adjacent to SR-91. During the visual examination of the crevices prior to the exit count, 7 bats were 

observed day roosting in the western box and 4 bats were observed day roosting in the eastern box. 

 

It was difficult to determine the number of day-roosting bats exiting the structure since bats appeared 

to be exiting and reentering the structure frequently during the exit count portion of the survey; 

however, based on the survey results and quantity of bat sign within the culvert, it is probable that 

only a small number of bats utilizes this roost for day roosting, with more bats using this culvert as a 

night roost. During the exit count portion of the survey, approximately 139 bats were observed exiting 

and 116 bats were observed entering from the north end of the double-box culvert, for a net total of 

23 bat exits from the north side of the culvert. Approximately 134 bats were observed exiting and 109 

bats were observed entering from the south end of the double-box culvert, for a net total of 25 bat 

exits from this side of the culvert. Foraging activity and night roosting in which bats were seen 

frequently flying into and out of the culvert were observed throughout the survey. Acoustic analysis 

indicates that the day-roosting bats detected were Yuma myotis (Myotis yumanensis); big brown bats 

may also be day roosting in this culvert. 

 

 

CONCLUSION & RECOMMENDATIONS 

Day and night roosting were confirmed in Culverts A, C, D, and E during the course of these surveys. 

In structures where day-roosting bats are present and may be disturbed by construction activities, 

exclusionary devices should generally be placed in the fall (September or October) preceding 

construction to temporarily exclude bats from directly affected work areas and avoid potential direct 

impacts. However, depending on the precise timing and duration of the work, it may be appropriate to 

place exclusion devices at a different time and for shorter duration, as approved by a qualified bat 

biologist and resident engineer. It is particularly important to avoid direct impacts to bats during the 

maternity season (typically from March through August in Southern California), when flightless 

young are present. The project engineer and the bat biologist should coordinate to refine the timing of 

exclusion devices. Additional mitigation measures, including but not limited to the installation of bat 

houses or other forms of alternative bat habitat, may also be appropriate. Bat exclusion and 

installation of alternative roosting habitat should be conducted under the supervision of a qualified bat 

biologist. 

 

Consultation and communication between engineers and a qualified bat biologist throughout the 

construction planning process will aid in the determination of specific measures to minimize impacts 

to bats in a timely, cost-effective, and structurally successful manner. If there are subsequent drainage 

changes or project redesign affecting the culverts listed in this report subsequent to the finalization of 

this report, then further bat surveys/analysis and the placement of additional exclusions may be 

warranted. 
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Culvert A 

Per the existing construction plans as described to LSA Associates, Inc. (LSA), no construction work 

will be conducted at this location, and the concrete box culvert will remain in its existing condition; 

therefore, no further action or mitigation are required at this structure. Should these plans change and 

work be anticipated to occur here, consultation with a bat biologist may be required to reevaluate the 

potential for impacts. 

 

Culvert B 

Per the existing construction plans as described to LSA, no construction work will be conducted at 

this location, and the concrete box culvert will remain in its existing condition; therefore, no further 

action or mitigation are required at this structure. Should these plans change and work be anticipated 

to occur here, consultation with a bat biologist may be required to reevaluate the potential for 

impacts. 

 

Culvert C 

Per the existing construction plans as described to LSA, no construction work will be conducted at 

this location, and the concrete box culvert will remain in its existing condition; therefore, no further 

action or mitigation are required at this structure. Should these plans change and work be anticipated 

to occur here, consultation with a bat biologist may be required to reevaluate the potential for 

impacts. 

 

Culvert D 

Per the existing construction plans as described to LSA, anticipated construction activities at this 

location include the drilling of a hole in the side of the concrete box for an alternative pipe culvert 

(APC) pipe connection; this hole will subsequently be sealed with cement mortar. Per the existing 

construction plans, this work will likely occur during the day and be conducted from above the 

culvert along SR-91 and not by accessing the flood control channel. 

 

Survey results indicate that this culvert is utilized by a maternity colony of Yuma myotis. Noise and 

vibration from this activity will result in temporary impacts to day-roosting bats within this culvert. 

To minimize additional impacts to roosting bats, temporary exclusion devices should be placed in the 

fall to exclude the bats from the crevices adjacent to areas of work, and alternative roosting habitat 

should be constructed prior to or concurrently with the exclusion to provide roosting area for the large 

number of bats that will be temporarily displaced during the course of work. The exclusionary 

devices will be removed at the conclusion of the construction work to allow the bats to return to the 

roost; if the crevices remain sealed following the end of construction, the impacts to bats would be 

considered permanent.  

 

Minimizing the amount of time that the bats are excluded from the roost will limit the extent of 

impacts to these bats. If possible, conducting all of the work at this location during the fall and winter 

months so that the crevices can be unsealed in time for the maternity season would result in 

temporary and minimal impacts to bats. If work must be conducted during the maternity season, the 

effects of the temporary exclusion can be minimized by the successful creation of alternative roosting 

habitat. 
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When a night roost is eliminated, the energetics for bats to successfully utilize the surrounding 

foraging area may be negatively affected. Although a day roost may double during the evening as a 

night roost if it is close to a foraging area, night roosts are used only in the evening. If feasible, 

allowing bats to continue using this culvert for night roosting would further minimize impacts to bats 

at this location. This can be accomplished if construction activities are limited to daytime hours, the 

existing structures utilized by the bats for roosting are not removed or altered, vegetation adjacent to 

these structures is not cleared, no additional night lighting is present, and the airspace to access the 

structures is not restricted by any objects, equipment, or personnel between dusk and dawn. 

 

Culvert E 

Per the existing construction plans as described to LSA, anticipated construction activities at this 

location include the removal of an old wingwall and construction of a new wingwall, as well as the 

drilling of a hole in the side of the concrete box for an APC pipe connection that will subsequently be 

sealed with cement mortar. Per the existing construction plans, this work will likely occur during the 

day and be conducted from above the culvert along SR-91 and not by accessing the flood control 

channel.  

 

Survey results indicate that this culvert is utilized by a small number of Yuma myotis for day roosting 

and that the culvert is more heavily used by night-roosting bats. Noise and vibration from this activity 

will result in temporary impacts to day-roosting bats within this culvert. To minimize additional 

impacts to roosting bats, temporary exclusion devices should be placed in the fall to exclude the bats 

from the crevices adjacent to areas of work, and alternative roosting habitat should be constructed to 

provide roosting area for the large number of bats that will be temporarily displaced during the course 

of work. The exclusionary devices would be removed at the conclusion of the construction work to 

allow the bats to return to the roost; if the crevices remain sealed following the end of construction, 

the impacts to bats would be considered permanent. 

 

When a night roost is eliminated, the energetics for bats to successfully utilize the surrounding 

foraging area may be negatively affected. Although a day roost may double during the evening as a 

night roost if it is close to a foraging area, night roosts are used only in the evening. If feasible, 

allowing bats to continue using this culvert for night roosting would further minimize impacts to bats 

at this location. This can be accomplished if construction activities are limited to daytime hours, the 

existing structures utilized by the bats for roosting are not removed or altered, vegetation adjacent to 

these structures is not cleared, no additional night lighting is present, and the airspace to access the 

structures is not restricted by any objects, equipment, or personnel between dusk and dawn. 

 

 

Attachments: Figure 1: Bat Survey Locations 

 Figure 2: Site Photographs 

 Figure 3: Site Photographs 
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FIGURE 1

Bat Survey Locations
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Site Photographs
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A. View of the southern end of culvert A (07/08/10).

D. View of the northern end of culvert C (07/01/10).C. View of the southern end of culvert C (07/01/10).

B. View of the northern end of culvert A (07/08/10).
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Site Photographs
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A. View of the southern end of culvert D (07/01/10).

D. View of the northern end of culvert E (07/07/10).C. View of the southern end of culvert E (07/07/10).

B. View of the northern end of culvert D (07/01/10).





t t a t e  of California Business, Transportation and Housing Agency 

To : ANDREW OSHRIN, Chief 
Design Branch D 

Date : May 5,2009 

File No. : 12-ORA-9 1 
PM 9.1115.6 
EA# 12-063300 
Cat 420 

Attn : Ann Truong, Project Engineer 
I 

From : DEPARTMENT O F  TRANSPORTATION 
District 12 
Environmental Engineering 

Subject: Lead Investigation Report 

Attached please find two final ADL Investigatio~l Reports for subject project conducted by 
NINYO & MOORE CONSULTANTS, INC. dated April 29,2009. According to said Report, 
Page 14, under 7. RECOMMENDTIONS, discussed below: if the upper 0.15 of soil is 
excavated separately to be reused within the Caltrance right of way, the soil should be placed 
under 1 foot of non-hazardous soil or pavement and at least 5 feet above the maximum 
groundwater elevation in accordance with the DTSC Lead Variance. If the upper 1 foot of 
soil excavated at the site is to be disposed separated, it should be handled as a I~azardous 
material with respect to soluble lead content. The underlying soil f i o~n  a depth of 1 h o t  to 4 
feet would likely chacraterized as non-hazardous material. If the entire soil colunln to a depth 
of 4 feet is to be disposed as a single unit, it should be handling as non-hazardous material. 
They also recommends that Caltrans notify the contractors performing the construction 
actives that hazardous concentration of lead may be present in on-site soil and that 
appropriate health and safety measures should be taken to minimize the exposure to lead. 

We are requesting the Design to prepare plans and specifications for reuse of the soil 
within the project as Type Y-1, unless the entire soil contamination to a depth of 4 feet or 
more is removed. In which case the soil will be handled as non-hazardous soil. 
A copy of the district DTSC Variance is attached. Please included the the Variance with 
the PS&E package with instruction to the RE to implement the provisions of the 
Variance. 

If you have ally questions please call Hsin Chen @X4958. 

KEZA AUKESTEH, Chief 
Environmental Engineering 

Attachments 
C: Chen, Hsin, EE 

File 
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EXECUTIVE SUMMARY 

The State of California Department of Transportation (Department) authorized Ninyo & Moore 

to conduct an Aerially Deposited Lead (ADL) Site Investigation (SI) of eastbound and west- 

bound State Route 91 (SR-9 1) from the route 55/91 separation to the route 241191 separation in 

Anaheim and Yorba Linda, California (site). Work was conducted in general accordance with the 

Department Contract No. 12A1139, Task Order No. 12-063300-1 4 (TO 14), dated January 13, 

2009. It is our understanding that the Department is proposing to widen SR-91 one lane in each 

direction, eastbound and westbound. 

This investigation was performed to evaluate the presence of lead in soil resulting from the com- 

bustion of leaded fuel from freeway traffic. Data collected during this investigation were used to 

develop recommendations for the potential reuse or disposal of soil excavated from the site and 

to inform the Department of potential health and safety issues concerning the presence of lead in 

soil for workers at the site during construction activities. 

Ninyo & Moore collected 412 soil samples from 143 borings at the site. Sixty-seven of the 41 2 

samples contained a total lead concentration greater than or equal to 50 milligrams per kilogram 

(mgtkg). Forty-four samples contained a soluble lead concentration using citric acid greater than 

or equal to 5.0 milligrams per liter (mgll). Sixteen samples contained a soluble lead concentra- 

tion using deionized water greater than or equal to 0.5 mgll. None of the samples contained 

soluble lead using the Toxicity Characteristic Leaching Procedure (TCLP) greater than 5.0 mgll. 

Forty-three samples were analyzed for pH. The average pH level was 7.7, which would not be 

classified as Resource Conservation and Recovery Act (RCRA) hazardous waste and is above 

the California Environmental Protection Agency (Cal-EPA), Department of Toxic Substances 

Control (DTSC) lower limit of 5.0. 

Our recommendations for soil reuse on site are based on the guidelines set forth by the DTSC, 

Lead Variance issued to the Department in October 2000 that was subsequently modified by As- 

sembly Bill 414, a DTSC Variance modification letter dated December 13, 2002, and a 

subsequent extension dated June 17, 2008 (DTSC Variance). Laboratory analytical results for 
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lead were compared to the guidelines of the DTSC Variance for potential reuse of the soil as fill 

within the Department right-of-way (ROW). 

Our recommendations for off site disposal were based on the comparison of lead concentrations 

in soil samples to the DTSC Variance thresholds, the California Health and Safety Code thresh- 

olds, and Title 40 Code of Federal Regulations (CFR) 261.24 thresholds. 

Based on the analytical results and the statistical data evaluation, the on-site reuse and the off site 

disposal recommendations are summarized below. 

Recommendations for Soil for Reuse by the Department 

With the exception of soil in the vicinity of sample B30-3.0 discussed in Section 7.3, soil at the 

site on the eastbound side of Route 91 from the separated surface layer may be reused on site if it 

is placed a minimum of 5 feet above maximum water table elevation and protected from infiltra- 

tion by a pavement structure to be maintained by the Department. Soil from the four layer 

combined or from the separated 1.5,3, and 4 foot layers can be reused on site with no restrictions 

based on total and soluble lead concentrations. 

Soil in the vicinity of boring B30 from the depth of approximately 1.5 to 3 feet bgs and from ap- 

proximately station numbers 177 to 180 is suitable for on-site reuse by the Department with 

respect to total and soluble lead concentrations if it is placed a minimum of 5 feet above maxi- 

mum water table elevation and is covered with at least 1 foot of non-hazardous soil. 

Soil at the site on the westbound side of Route 91 from the four layers combined or from the sur- 

face layer may be reused on site if it is placed a minimum of 5 feet above maximum water table 

elevation and protected from infiltration by a pavement structure to be maintained by the De- 

partment. Soil from the separated 1.5, 3, and 4 foot layers can be reused on site with no 

restrictions based on total and soluble lead concentrations. 

Recommendations for Soil to be Disposed Off Site 

With the exception of soil in the vicinity of sample B30-3.0 discussed in Section 7.4, if the De- 

partment elects to dispose the soil off site, soil at the eastbound side of Route 91 from the 
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separated surface layer is classified as hazardous and should be disposed at a Class 1 disposal 

site in accordance with Title 22 CCR requirements. Soil at the site on the eastbound side of 

Route 91 in the four layers combined is classified as non-hazardous and may be disposed off site 

with no restrictions based on total and soluble lead concentrations. 

Soil in the vicinity of boring B30 from the depth of approximately 1.5 to 3 feet bgs and from ap- 

proximately station numbers 177 to 180 is classified as hazardous and should be disposed at a 

Class 1 disposal site in accordance with Title 22 CCR requirements. 

If the Department elects to dispose the soil off site, soil at the site on the westbound side of 

Route 91 in the separated surface layer is classified as hazardous and should be disposed at a 

Class 1 disposal site in accordance with Title 22 CCR requirements. Soil in the separated 1.5, 3, 

and 4 foot layers is classified as non-hazardous and may be disposed off site with no restrictions 

based on total and soluble lead concentrations. 

The Department should notify the contractors performing the construction activities that hazard- 

ous concentrations of lead could be present in isolated on-site locations, but as a whole the site 

would be considered non-hazardous. Appropriate health and safety measures should be taken to 

minimize the potential exposure to lead. 
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1. INTRODUCTION 

The State of California Department of Transportation (Department) authorized Ninyo & Moore 

to conduct an Aerially Deposited Lead (ADL) Site Investigation (SI) of eastbound and west- 

bound State Route 91 (SR-9 1) from the route 55/91 separation to the route 241191 separation in 

Anaheim and Yorba Linda, California (site). Work was conducted in general accordance with the 

Department Contract No. 12A1139, Task Order No. 12-063300-14 (TO 14), dated January 13, 

2009. It is our understanding that the Department is proposing to widen SR-91 one lane in each 

direction, eastbound and westbound. 

This report has been prepared by Ninyo & Moore to document the results of a study to evaluate 

the potential presence of ADL along the unpaved shoulder and slope in the area of the site. 

1.1. Project Description and Objective 

It is our understanding that the Department is proposing to widen SR-91 one lane in each 

direction, eastbound and westbound. One hundred forty-three borings were augered at the 

site (Figure 2). 

This investigation was performed to evaluate the potential presence of ADL along the shoul- 

der of the site before excavation of soil begins as part of the widening project. 

1.2. Scope of Work 

Ninyo & Moore performed the following tasks: 

1.2.1. Prefield Activities 

Prefield activities included: 

Preparing a site specific health and safety plan (HSP). 

Marking boring locations at the site. 

Notifying Underground Service Alert (USA) that Ninyo & Moore would be ad- 
vancing soil borings in the area (USA ticket numbers A90630704, A90630733, 
A90630793, A90630801, A90630758, A90630772, A90630778). 

Preparing a project schedule, and coordinating work with subcontractors. 

207384014 R Aaial Dcp Lead Inv doc 



State Route 91 
Orange County, California 

April 29, 2009 
Project No. 207384014 

1.2.2. Soil Sampling 

Soil sampling was conducted from March 9 to March 16, 2009. One hundred fifty-one 

sampling locations (B 1 through B 15 1) were originally proposed. Eight of the originally 

proposed 15 1 borings were not completed due to the presence of asphalt or safety con- 

cerns at those boring locations. Boring locations are presented on Figures 2 through 3 1. 

The borings were advanced and sampled using a hand auger. Four soil samples were at- 

tempted for collection from depths of surface to % foot, 1 foot to 1% feet, 2% feet to 3 

feet, and 3% to 4 feet below ground surface (bgs). Refusal was encountered in 80 bor- 

ings at depths shallower than 4 feet bgs. Those borings were attempted again at a 

location within 3 feet of the original boring. If refusal was again encountered that bor- 

ing was terminated. Actual depths sampled are presented on Table 1. 

1.2.3. Laboratory Analysis 

Ninyo & Moore submitted the soil samples under chain of custody to Advanced Tech- 

nology Laboratories (ATL) of Signal Hill, California, a laboratory certified by the State 

of California Department of Health Services Environmental Laboratory Accreditation 

Program (ELAP). 

1.2.4. GPS Surveying 

Approximate latitude and longitude (North American Datum [NAD] 83) of sampling 

locations were recorded with a handheld Global Positioning System (GPS) unit (Ge- 

oXT, Trimble). The latitude and longitude data for each boring is presented on Table l .  

1.2.5. Report Preparation 

This report was prepared in general accordance with Department Contract No. 12A1139 

and TO 14 dated January 13,2009. 

1.3. Previous Site Investigations 

Ninyo & Moore has not performed previous investigations at this site. In addition, the De- 

partment has not notified Ninyo & Moore of previous investigations performed at the site. 
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2. BACKGROUND 

The Department obtained a variance (00-H-VAR-02) from the California Environmental Protec- 

tion Agency (Cal-EPA), Department of Toxic Substances Control (DTSC), on October 2000 that 

was subsequently modified by Assembly Bill 414, a DTSC Variance modification letter dated 

December 13, 2002, and a subsequent extension dated June 17, 2008 (DTSC Variance). The 

DTSC Variance allows for conditional reuse of lead-impacted soil within the Department right- 

of-way (ROW). Background information regarding the source of ADL and the reuse andlor dis- 

posal of lead-impacted soil is discussed in the following sections: 

2.1. Aerially Deposited Lead in Soil 

Analyses for lead in soil along highways throughout the state of California have found that 

lead is commonly present along the shoulders of the highways as a result of automobile ex- 

haust containing lead from the combustion of leaded gasoline. Elevated concentrations of 

lead are commonly found in the upper 2 feet of soil. Lead concentrations in soil are depend- 

ent on many variables, but in general, are a function of the age of the highway and the 

volume of traffic using the highway (DTSC, 2000). 

2.2. Hazardous Waste Classification Criteria 

Soil that exceeds the following limitations may be classified as hazardous waste with respect 

to lead concentrations: 

The soil contains more than 1,000 milligrams per kilogram (mglkg) total lead, exceed- 
ing the Total Threshold Limit Coilcentration (TTLC) for California hazardous waste 
(Title 22 California Code of Regulations [CCR], Section 66261.24); 

The soil contains more than 5.0 milligrams per liter (mg/l) citric acid-extractable lead, 
exceeding the Soluble Threshold Limit Concentration (STLC) for California hazardous 
waste (Title 22 CCR, Section 66261.24); 

The soil contains more than 5.0 mg/l leachable lead using the Toxicity Characteristic 
Leaching Procedure (TCLP), exceeding the maximum concentration for the Toxicity 
Characteristic of the Resource Conservation and Recovery Act (RCRA; Title 40 Code 
of Federal Regulations [CFR] 261.24); or 

The soil pH is less than or equal to 2.0 or greater than or equal to 12.5, which exceeds 
the limits for the Corrosivity Characteristic of RCRA hazardous waste (40 CFR 261.22). 
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- 
2.3. DTSC Variance 

In accordance with the DTSC Variance, soil that is subject to the guidelines presented below 

may be reused within the Department ROW. 

2.3.1. Reuse - Condition 1 

Soil containing less than 0.5 mg/l extractable lead by the Waste Extraction Test (WET) 

using de-ionized water as the extractant (WET-DI) and less than or equal to 1,411 

mg/kg total lead (United States :Environmental Protection Agency [EPA] Method 

601 0B) may be used as fill in the Department ROW provided the soil is placed a mini- 

mum of 5 feet above the maximum level of the water table and covered with at least 

1 foot of non-hazardous soil. 

2.3.2. Reuse - Condition 2 

Soil containing greater than or equal to 0.5 mg/l but less than 50 mg/l extractable lead 

by WET-DI method, and more than 1,411 mg/kg total lead but less than 3,397 m a g  

total lead, may be used as fill in the Department ROW provided the soil is placed a 

minimum of 5 feet above the maximum level of the water table and protected from in- 

filtration by a paved structure that will be maintained by the Department. 

2.3.3. Reuse - Condition 3 

Soil that has a pH value less than 5.0 may only be used as fill material under the paved 

portion of the roadway. This condition takes precedence over Conditions 1 and 2. 

2.4. Criteria for Disposal of Soil not Intended for Reuse On Site 

If the Department elects to reuse soil within the Department ROW that has been excavated 

during construction activities, the soil inay be classified either as hazardous waste or non- 

hazardous waste. The distinction is based on the total and soluble lead concentrations com- 

pared to the TTLC and STLC criteria. As mentioned in Section 2.2, the TTLC for total lead 

is 1,000 m a g  and the STLC for citric acid extractable lead is 5.0 mg/l. Waste containing 

lead concentrations in excess of or equal to those listed must be disposed at a Class I haz- 

ardous waste disposal facility pursuant to State of California regulations. 
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3. INVESTIGATION METHODS 

The investigation activities are described in the following subsections and were conducted in 

general accordance with TO 14 that was approved by the Department prior to beginning the field 

activities. 

3.1. Health and Safety Plan (HSP) 

A site-specific HSP dated March 5, 2009, was prepared by Ninyo & Moore and submitted to 

the Department for approval prior to conimencing field work. 

3.2. Utility Clearance 

The boring locations were described to lJSA during the notification at least 48 hours prior to 

conducting the soil sampling. USA marked the member utilities known to be in the vicinity 

of the boring locations. 

3.3. Hand-Auger Sampling 

The field work was conducted from March 9 to March 16, 2009. The boring locations were 

approved by the Department Task Order Manager and are shown on the attached Figure 2. 

Four samples were attempted for collection from each of the 143 boreholes at depths of 0 to 

% foot, 1 to 1 % feet, 2% to 3 feet, and 3% to 4 feet bgs unless refusal was encountered. The 

depths reached for each boring are presented on Table 1. 

Samples were placed into new, 4-ounce, glass jars, capped with Teflon-coated plastic lids, 

labeled, placed in a resealable plastic bag, and stored in a cooler. The sampling equipment 

was decontaminated between each boring. Soil samples were transferred under chain-of- 

custody (COC) protocol to ATL within 24 hours of collection. 

Traffic control was provided by American Barricade. Hand augering was conducted by 

Ninyo & Moore personnel. 

3.4. Investigative-Derived Wastes 

Soil cuttings generated by hand-auger drilling were returned to their corresponding bore- 

holes after collection of soil samples. Decontamination water was transported to Ninyo & 
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Moore's Irvine office and placed in a drum pending chemical characterization. Based on the 

result of the decontamination water sample (non-detect), the decontamination water was 

subsequently disposed in the sanitary sewer. 

3.5. Laboratory Analyses 

Once the samples were received by ATL, the samples were analyzed for the following: 

Four hundred twelve soil samples were analyzed for total lead using EPA Method 
6010B; 

Sixty-seven of the soil samples contained a total lead concentration greater than or 
equal to 50 mg/kg and were therefore analyzed for soluble lead by WET using citric 
acid for comparison to the STLC; 

Forty-four of the soil samples contained a soluble lead concentration greater than or 
equal to 5.0 mgll and were therefore analyzed for soluble lead by WET using de-ionized 
water for comparison to the STLC and soluble lead by TCLP. 

Approximately 10 percent of the soil samples (43 samples) were analyzed for pH using 
EPA Method 9045; and 

One sample of the decontamination water was analyzed for total lead using EPA 
Method 601 0B. 

4. ANALYTICAL RESULTS 

The results of this investigation are described in the following subsections. The analytical results 

of lead and pH are summarized in Table 1, and the sampling locations with results are shown on 

Figures 3 through 3 1. Laboratory reports and COC records are included in Appendix A. 

4.1. Total Lead 

Two hundred fifty-nine of the 412 soil samples contained total lead at concentrations equal 

to or greater than the laboratory practical quantitation limit (PQL) of 5.0 mg/kg (Table 1). 

Analytical results ranged from 550 mgkg  to under the PQL. 

The decontamination water sample did not contain a reportable concentration of lead. 
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4.2. Soluble Lead - Citric Acid 

Sixty-seven of the 259 samples contained total lead at a concentration greater than or equal 

to 50 mgkg and were subsequently analyzed for soluble lead using citric acid. The maxi- 

mum reported concentration was 43 mg/l. The minimum reported concentration was 0.32 

mg/l. 

4.3. Soluble Lead - Deionized Water 

Forty-four of the 67 samples contained soluble lead at a concentration greater than or equal 

to 5.0 mgkg and were subsequently analyzed for soluble lead using deionized water. The 

maximum reported concentration was 1.7 mg/l and the minimum reported concentration was 

less than the laboratory PQL of 0.25 mg/l. Sixteen of these samples contained concentrations 

equal to or greater than 0.5 mg/l. 

4.4. Soluble Lead - TCLP 

Forty-four of the 67 samples contained soluble lead at a concentration greater than or equal 

to 5.0 mg/l and were subsequently analyzed for soluble lead by the TCLP Method. The 

maximum reported concentration was 1.9 mg/l. The minimum reported concentration was 

less than the laboratory PQL of 0.25 mg/l. 

4.5. pH 

Approximately 10 percent of the samples collected (43 samples) were analyzed for pH. The 

average pH level was 7.7. The soil pH value is not characteristic of RCRA hazardous waste 

and is above the lower limit of 5.0 specified in the DTSC Variance. 

5. STATISTICAL EVALUATION 

The following subsections describe the statistical methods utilized to evaluate the lead data set 

for the site. 

5.1. Statistical Evaluation Methods 

The analytical results were evaluated statistically to recommend the appropriate method of 

on-site reuse or off site disposal of excavated soil. Prior to calculations, concentrations be- 
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low the laboratory reporting limit were assigned values equal to half the reporting limit. Sta- 

tistical methods were applied to the data set to evaluate: 

The total lead data population distribution; 

The one-sided upper confidence limits (UCLs) of the true means of the total lead con- 
centrations; and 

If there is an acceptable correlation between total and soluble lead concentrations that 
would allow prediction of soluble lead concentrations based on calculated UCLs. 

In an effort to improve the correlation between total and soluble lead concentrations, 
data identified as outliers were removed from the sample results prior to conducting the 
statistical analyses. Outliers were identified as samples containing an STLC versus 
TTLC ratio of less than 1 percent or greater than 20 percent. The following sample data 
were removed: B6-1.5, B28-0.5, B30- 3.0, B133-0.5, B146-1.5, B148-0.5, B149-0.5, 
and B 150-0.5. These data will be discussed separately when appropriate. 

5.2. Population Distribution 

A test for population distribution is necessary in order to apply the appropriate evaluation 

methods when examining the UCLs on the total lead means. When evaluating the distribu- 

tion of total lead concentrations, total lead data are treated as one data set. Distribution was 

evaluated in accordance with EPA SW-846, Chapter Nine (1986) by comparing the mean 

versus the variance of the total lead data sets. If the mean is greater than the variance, the 

data set is normally distributed and no transformation is performed. If the mean is less than 

the variance, the data set is transformed using an arcsine conversion. If the mean is ap- 

proximately equal to the variance, the data set is transformed using a square-root conversion. 

A histogram of the data is presented in Appendix C. 

5.3. Upper Confidence Limits 

The UCLs are used to address the uncertainty associated with estimated the true mean con- 

centration of a population. As more data become available for a given site, the uncertainty of 

a true statistical mean decreases and the UCLs move closer to the true mean of the popula- 

tion. 

For this project, a 90 percent UCL is calculated for soil to be reused on site, while a 95 per- 

cent UCL is calculated for soil to be disposed off site. As described in Section 2.3.2, the 
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maximum 90 percent UCL allowed for soil reuse on site is 3,397 mg/kg. A total lead con- 

centration above 1,000 m&g is classified as hazardous for soil not reused on site, 

corresponding to a 95 percent UCL greater than or equal to 1,000 mg/kg. 

One-sided 90 and 95 percent UCLs of the true mean are defined as values that, when calcu- 

lated repeated for randomly drawn subsets of data, equal or exceed the true mean 90 and 

95 percent of the time, respectively. The following equation (EPA, 1986) was used to calcu- 

late the UCLs: 

S 
UCL = x + t,- 

ssrt(n> 

Where: 

x = sample mean 
t, = student's t for a one-tailed confidence interval and a probability of p 
S = standard deviation 
N = number of samples 

The samples in this study were collected using a systematic random sampling approach. 

SW-846 Chapter Nine indicates that statistical transformation should be used if the data set 

is not normally distributed and that statistical evaluations should be performed on the trans- 

formed scale. The data for this project are not normally distributed and therefore must be 

transformed using the arcsine function. 

Transformation using the arcsine function is accomplished by calculating the arcsine of the 

concentration normalized to the maximum concentration in the population. That is: 

Where: 

yi = transformed value sample mean 
xi = reported concentration 
x,,, = maximum concentration reported for the data set 
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The final result is transformed back to a concentration by multiplying the sine of the trans- 

formed number by the maximum concentration: 

In order to evaluate four of the possible soil excavation depth scenarios, several different 

UCLs for total lead concentrations were calculated for each direction: 

Scenario A: the entire 4 foot soil column of the eastbound side of Route 91 

Scenario B: layers separated (0 to 0.5, 0.5 to 1.5, 1.5 to 3, and 3 to 4 feet bgs) of the 
eastbound side of Route 91 

Scenario C: the entire 4 foot soil column of the westbound side of Route 91 

Scenario D: layers separated (0 to 0.5, 0.5 to 1.5, 1.5 to 3, and 3 to 4 feet bgs) of the 
westbound side of Route 91 

Results of this exercise are presented in Appendix B and are shown graphically on the block 

diagrams presented in Appendix E. 

5.4. Regression Analysis 

A linear regression analysis is used to create a soluble lead prediction model for use with the 

90 and 95 percent UCLs. A line fit to the data using the equation: 

Where: 

y = soluble lead by WET-citric acid, mgll 
x = total lead concentration, mgkg  
b = y-intercept 
m = slope 

r X St 
slope = - 

ss 

Where: 

r = correlation coefficient 
st = standard deviation of the total lead concentrations 
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s, = standard deviation of the soluble lead concentrations 

The linear equation from the regression is used to predict soluble lead concentrations for the 

statistical total lead UCLs. The integrity of the equation is directly related to the 'r', the cor- 

relation coefficient, which should be greater than or equal to 0.8. 

A regression analysis was performed for both eastbound and westbound data sets and the 

correlation coefficients were 0.90 and 0.62, respectively. Although the westbound regression 

is less than 0.8, for environmental sampling it still represents a relatively good correlation so 

the data not removed as outliers was used for the analyses. The regression analysis is in- 

cluded as Appendix D. 

6. CONCLUSIONS 

Based on the analytical results, the conclusions for the site are summarized below. 

6.1. Conclusion for Soil for Reuse by the Department - Eastbound Route 91 

Soil at the site on the eastbound side of Route 91 in the combined 0 to 4 feet bgs layer is 
suitable for on-site reuse by the Department with no restrictions based on total and 
soluble lead concentrations with the exception of the vicinity of sample B30-3.0 dis- 
cussed below. 

Soil at the site on the eastbound side of Route 91 in the separated 0 to 0.5 foot bgs (sur- 
face) layer is suitable for on-site reuse by the Department with respect to total and 
soluble lead concentrations if it is placed a minimum of 5 feet above maximum water 
table elevation and protected from infiltration by a pavement structure to be maintained 
by the Department. 

Soil at the site on the eastbound side of Route 91 in the separated 0.5 to 1.5 feet bgs (1.5 
foot) layer is suitable for on-site reuse by the Department with no restrictions based on 
total and soluble lead concentrations. 

Soil at the site on the eastbound side of Route 91 in the separated 1.5 to 3 feet bgs (3 
foot) layer is suitable for on-site reuse by the Department with no restrictions based on 
total and soluble lead concentrations with the exception of the vicinity of sample B30- 
3.0 discussed below. 
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Soil at the site on the eastbound side of Route 91 in the separated 3 to 4 feet bgs (4 foot) 
layer is suitable for on-site reuse by the Department with no restrictions based on total 
and soluble lead concentrations. 

Soil in the vicinity of boring B30 from the depths of approximately 1.5 to 3 feet bgs and 
from approximately station numbers 177 to 180 is suitable for on-site reuse by the De- 
partment with respect to total and soluble lead concentrations if it is placed a minimum 
of 5 feet above maximum water table elevation and is covered with at least 1 foot of 
non-hazardous soil. 

6.2. Conclusion for Soil to be Disposed Off Site - Eastbound Route 91 

If the Department elects to dispose the soil off site, soil at the site on the eastbound side 
of Route 91 in the combined 0 to 4 feet bgs layer is classified as non-hazardous and 
may be disposed off site with no restrictions based on lead with the exception of the vi- 
cinity of sample B30-3.0. 

If the Department elects to dispose the soil off site, soil at the site on the eastbound side 
of Route 91 in the separated surface layer is classified as hazardous and should be dis- 
posed at a Class 1 disposal site in accordance with Title 22 CCR requirements. 

If the Department elects to dispose the soil off site, soil at the site on the eastbound side 
of Route 91 in the separated 1.5 foot layer is classified as non-hazardous and may be 
disposed off site with no restrictions based on lead. 

If the Department elects to dispose the soil off site, soil at the site on the eastbound side 
of Route 91 in the separated 3 foot bgs layer is classified as non-hazardous and may be 
disposed off site with no restrictions based on lead with the exception of the vicinity of 
sample B30-3.0 discussed below. 

If the Department elects to dispose the soil off site, soil at the site on the eastbound side 
of Route 91 in the separated 4 foot layer is classified as non-hazardous and may be dis- 
posed off site with no restrictions based on lead. 

Soil in the vicinity of boring B30 from the depth of approximately 1.5 to 3 feet bgs and 
from approximately station numbers 177 to 180 is classified as hazardous and should be 
disposed at a Class 1 disposal site in accordance with Title 22 CCR requirements. 

6.3. Conclusion for Soil for Reuse by the Department - Westbound Route 91 

Soil at the site on the westbound side of Route 91 in the combined 0 to 4 feet bgs layer 
is suitable for on-site reuse by the Department with respect to total and soluble lead 
concentrations if it is placed a minimum of 5 feet above maximum water table elevation 
and protected from infiltration by a pavement structure to be maintained by the Depart- 
ment. 
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Soil at the site on the westbound side of Route 91 in the separated surface layer is suit- 
able for on-site reuse by the Department with respect to total and soluble lead 
concentrations if it is placed a minimum of 5 feet above maximum water table elevation 
and protected from infiltration by a pavement structure to be maintained by the Depart- 
ment. 

Soil at the site on the westbound side of Route 91 in the separated 1.5 foot layer is suit- 
able for on-site reuse by the Department with no restrictions based on total and soluble 
lead concentrations. 

Soil at the site on the westbound side of Route 91 in the separated 3 foot layer is suit- 
able for on-site reuse by the Department with no restrictions based on total and soluble 
lead concentrations. 

Soil at the site on the westbound side of Route 91 in the separated 4 foot layer is suit- 
able for on-site reuse by the Department with no restrictions based on total and soluble 
lead concentrations. 

6.4. Conclusion for Soil to be Disposed Off Site -Westbound Route 91 

If the Department elects to dispose the soil off site, soil at the site on the westbound side 
of Route 91 in the combined - 0 to 4 feet hm layer is c la~if ied  as hazardous and should 
be disposed at a Class 1 disposal site in accordance with Title 22 CCR requirements. 

If the Department elects to dispose the soil off site, soil at the site on the westbound side 
of Route 91 in the separated surface layer is classified as hazardous and should be dis- 
posed at a Class 1 disposal site in accordance with Title 22 CCR requirements. 

If the Department elects to dispose the soil off site, soil at the site on the westbound side 
of Route 91 in the separated 1.5 foot layer is classified as non-hazardous and may be 
disposed off site with no restrictions based on lead. 

If the Department elects to dispose the soil off site, soil at the site on the westbound side 
of Route 91 in the separated 3 foot layer is classified as non-hazardous and may be dis- 
posed off site with no restrictions based on lead. 

If the Department elects to dispose the soil off site, soil at the site on the westbound side 
of Route 91 in the separated 4 foot layer is classified as non-hazardous and may be dis- 
posed off site with no restrictions based on lead. 

The laboratory results are presented in Table 1 and shown on Figures 3 through 3 1. The sta- 

tistical analyses are presented in Appendix B. 
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7. RECOMNlENDATIONS 

Based on the findings of this study, recommendations (based on the ADL sampling) are 

summarized on block diagrams in Appendix E and are discussed below: 

7.1. Recommendations for Soil for Reuse by the Department - Eastbound Route 91 

With the exception of soil in the vicinity of sample B30-3.0 discussed in Section 7.3, soil at 

the site on the eastbound side of Route 91 from the separated surface layer may be reused on 

site if it is placed a minimum of 5 feet above maximum water table elevation and protected 

from infiltration by a pavement structure to be maintained by the Department. Soil from the 

four layers combined or from the separated 1.5, 3, and 4 foot layers can be reused on site 

with no restrictions based on total and soluble lead concentrations. 

7.2. Recommendations for Soil to be Disposed Off Site -Eastbound Route 91 

With the exception of soil in the vicinity of sample B30-3.0 discussed in Section 7.4, if the 

Department elects to dispose the soil off site, soil at the eastbound side of Route 91 from the 

separated surface layer is classified as hazardous and should be disposed at a Class 1 dis- 

posal site in accordance with Title 22 CCR requirements. Soil at the site on the eastbound 

side of Route 91 in the four layers combined or from the separated 1.5, 3, and 4 foot layers 

is classified as non-hazardous and may be disposed off site with no restrictions based on to- 

tal and soluble lead concentrations. 

7.3. Recommendations for Soil for Reuse by the Department in the Vicinity of Sam- 

ple B30-3.0 

Soil in the vicinity of boring B30 from the depth of approximately 1.5 to 3 feet b s and from A 
approximately station numbers 177 to 180 is suitable for on-site reuse by the Department 

with respect to total and soluble lead concentrations if it is placed a minimum of 5 feet 

above maximum water table elevation and is covered with at least 1 foot of non-hazardous 

soil. 
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7.4. Recommendations for Soil to be Disposed Off Site in the Vicinity of Sample 

B30-3.0 

Soil in the vicinity of boring B30 from the depth of approximately 1.5 to 3 feet bgs and fiom 

approximately station numbers 177 to 180 is classified as hazardous and should be disposed 

at a Class 1 disposal site in accordance with Title 22 CCR requirements. 

7.5. Recommendations for Soil for Reuse by the Department - Westbound Route 91 

Soil at the site on the westbound side of Route 91 fiom the four layers combined or from the 

surface layer may be reused on site if it is placed a minimum of 5 feet above maximum wa- 

ter table elevatioil and protected from infiltration by a pavement structure to be maintained 

by the Department. Soil from the separated 1.5, 3, and 4 foot layers can be reused on site 

with no restrictions based on total and soluble lead concentrations. 

7.6. Recommendations for Soil to be Disposed Off Site -Westbound Route 91 

If the Department elects to dispose the soil off site, soil at the site on the westbound side of 

Route 91 in the separated surface layer is classified as hazardous and should be disposed at a 

Class 1 disposal site in accordance with Title 22 CCR requirements. Soil in the separated 

1.5, 3, and 4 foot layers is classified as non-hazardous and may be disposed off site with no 

restrictions based on total and soluble lead concentrations. 

8. HEALTH EFFECTS OF LEAD 

Concentrations of lead in soil at the site represent a potential threat to the health of site workers 

performing earthwork activities. 

Lead in its element form is a heavy, ductile, soft, gray metal. The permissible exposure limit 

(PEL) for lead is 0.05 milligrams per cubic meter (mg/m3) in air based on an eight-hour time- 

weighted average (TWA); Immediately Dangerous to Life and Health (IDLH) exposure limit is 

100 mg/m3 as established by the National Institute of Occupational Safety and Health (NOSH). 

Exposure may produce several symptoms including weakness, eye irritation, facial pallor, pale 

eyes, lassitude, insomnia, anemia, tremors, malnutrition, constipation, paralysis of the wrists and 

ankles, abdominal pain, colic, nephropathy, encephalopathy, gingival lead line, hypertension, 
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anorexia, and weight loss. Target organs are the central nervous system, kidneys, eyes, blood, 

gingival tissue, and the gastrointestinal tract. 

Because of the potential hazard from exposure to lead-contaminated soil, a lead HSP should be 

prepared by a Certified Industrial Hygienist (CIH). In addition, all site workers (earthwork) 

should have completed a training program meeting the requirements of 29 CFRl910.120 and 

8 CCR 1532.1. The plan developed by the CIH should include a hazard analysis, dust control 

measures, air monitoring, signage, work practices, emergency response plans, personal protec- 

tive equipment, decontamination, and docunlentation. 

9. LIMITATIONS 

The services outlined in this report have been conducted in a manner generally consistent with 

current regulatory guidelines. No warranty, expressed or implied, is made regarding the profes- 

sional opinions presented in this report. Ninyo & Moore's opinions are based on an analysis of 

observed conditions and on information obtained from third parties. It is likely that variations in 

soil conditions may exist. 

The samples collected and chemically analyzed and the observations made are believed to be 

representative of the general area evaluated; however, conditions can vary significantly between 

sampling locations. The interpretations and opinions contained in this report are based on the re- 

sults of laboratory tests and analyses intended to detect the presence and measure the 

concentration of selected chemical or physical constituents in samples collected from the site. 

The analyses have been conducted by an independent laboratory certified by the State of Califor- 

nia to conduct such analyses. Ninyo & Moore has no involvement in, or control over, such 

analyses and has no means of confirming the accuracy of laboratory results. Ninyo & Moore, 

therefore, disclaims any responsibility for inaccuracy in such laboratory results. 

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 wants any additional information, or has questions regarding 

content, interpretations presented, or completeness of this document. Opinions and judgments 
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expressed herein, which are based on our understanding and interpretation of current regulatory 

standards, should not be construed as legal opinions. 

For individuals with sensory disabilities, this document is available in alternate formats upon re- 

quest. For any questions regarding this document, please call or write Marta Halabi, 

Environmental Engineering, 3337 Michelson Drive, Suite 380, Irvine, California 92612-8894. 

Phone Number (949) 724-2739. 
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TABLE 1 - SOIL ANALYTICAL RESULTS - AERIALLY DEPOSITED LEAD, pH, 
AND GPS COORDINATES 

Notes: 
ft - feet 
mglkg - milligrams per kilogram 
mgll - milligrams per liter 
TTLC - total lead for comparison to the Total Threshold Limit Concentration 
WET - Waste Extraction Test 
WET-citric - soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit Concentration 
WET-DI - soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit Concentration 
TCLP - soluble lead by the Toxicity Characteristic Leaching Procedure 
ND - not detected above reporting limits presented in Appendix A 
NA - not applicable 
1 - Limit specified in addendum to Variance issued by the Department of Toxic Substance Control to Caltrans (DTSC 
Variance, September 22,2000; Addendum, December 2002; Addendum June 2008) 
2 - STLC for California Hazardous Waste (California Code of Regulations [CCR] Title 22, Section 66261.24) 
3 - Limit Specified by DTSC Variance 
4 - Maximum concentration for the TCLP of Resource, Conservation, and Recovery Act (RCRA) hazardous 
waste (CCR Title 22, Section 662 16.24) 
5 - Minimum value specified by DTSC variance 
* Data removed from the statistics as an outlier. 
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Feet 

Milligrams per kilogram 
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Total Lead for comparison to the total threshold limit concentration 

Waste Extraction Tests 

Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit i r~  Concentration 

Ssmplc 
Doplh 

( 1 0  

0  5  

I5 ........ . . E - ..... 

Soluble lead by WET using deionized water for comparison to the Soluble Threshold 1-imit in Concentration 

8U5 15 

RCL-05  

Soluble lead by Toxicity Characteristic Leaching Procedure 

Sample 
~ a t o  

31161200Y 

IIKIZOOY 

Not detected above reporting limits presented in Appendix A 
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Snmplr 
Sample Dcplh 

S n n ~ p l r  . TTLC WET-catrtr W E T - D l  TCLP 

(f0 
D s l c  (rnglkg) (rng/l) ( m g l l l  (mgi l )  

8 1 5 0 5  0 5 3/9/2009 20 

835.15 L< 31912009 U 7 6 

835-3 0 3 0 319iZOOU 5 I 

Soluble lead by Toxicity Characteristic Leaching Procedure 

I ND 
Not detected above reporting limits presented in Appendix A 

APPROXIMATE SCALE IN FEET 

0 100 200 
NOTE: ALL DIMENSIONS. DIRECTIONS AND LM)ATIONS ARE APPROUMATE 

I Y/nyo;yry 
PROJECT NO. 

BORING LOCATION MAP 

LANE WIDENING SR-91 
ANAHEIMNORBA LINDA, CALIFORNIA 

FIGURE 
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APPROXIMATE SCALE IN FEET 

1 mgn Milligrams per liter 

Total Lead for comparison to the total threshold limit concentration 

Waste Extraction Tests 

LEGEND 

B-144 Approximate Boring location 

ft Feet 

mg/kg Milligrams per kilogram 

WET-citric Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

WET-DI SoIub~e lead by WET using deionized water for comparison to the S O I U ~ I ~  mresholn Limit in Concentration 1 ~ h y f b ~ ~ ~ ~ e  BORING LOCATION MAP FIGURE 

TCLP 
0 100 

Soluble lead by Toxicity Characteristic Leaching Procedure 

2m ND 
NOTE: AU DIMENSIONS. DIRECTIONS AND LDCATIONS ARE APPROMMATE Not detected above reporting limits presented in Appendix A 
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LEGEND 
-- 

8-1 39 Approximate Boring location 

ft Feet 

mg/kg Milligrams per kilogram 

mgb Milligrams per liter 

TTLC 

Waste Total Lead Extraction for comparison Tests to the total threshold limit concentration p-ppT WET 

WET-citric Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 
I 

Soluble lead by WET using deionized water for comparison to the Soluble Threshoid Limit in Concentration p h p  & Y D O ~ ~  BORING LOCATION MAP FIGURE 
APPROXIMATE SCALE IN FEET 

Soluble lead by Toxicity Characteristic Leaching Procedure --  

PROJECT NO. DATE 
Not detected above reporting limits presented in Appendix A 

LANE WIDENING SR-91 
NOTE: AUDllrlENSIONS. MRECTlONS W D  LOCATIONS ARE APPROXIWE. -- 20738401 4 4/09 
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Not detected above reporting limits presented in Appendix A 

APPROXIMATE SCALE IN FEET 

DATE 

4/09 

tANE WIDENING SR-91 
ANAHEIMNORBA LINDA, CAtlFORNlA 

mglkg Milligrams per kilogram 

mg/l Milligrams per liter 

T t C  Total Lead for comparison to the total threshold limit concentration 
, 

WET Waste Extraction Tests 

WET-citric Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

BORING LOCATION MAP WET-Dl Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 

TCLP Soluble lead by Toxicity Characteristic Leaching Procedure y ' " y " ~ ~ a w e  
-- 



LEGEND 

8-1 29 Approximate Boring location 

ft Feet 

mg/kg Milligrams per kilogram 

mgll Milligrams per liter 

TTLC Total Lead for comparison to the total threshold limit concentration 

WET Waste Extraction Tests I 
WET-citric Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

WET-Dl Soluble lead by WET using deionized water for comparison to the Soluble Threshold L i r n l  in Concentration ! 1 TCLP 

APPROXIMATE SCALE IN FEET I ~- 
LPP~ 

-- 

0 loo 200 

NOTE: A U  DIMENSIONS. DIRECTIONS AND LOCATIONS ARE APPROUMATE. 

Soluble lead by Toxicity Characteristic Leaching Procedure 

Not detected above reporting limits presented in Appendix A 
-- 
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Sample 

Sample  D e p t h  
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( LEGEND 1 
6-126 
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rrLC 
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WET-citric 

WET-Dl 

TCLP 

APPROXIMATE SCALE IN FEET 
I 

0 100 200 

NOTE: A U  OIMENSIONS. OlRECTlONS AN0 LOCATlDNS ARE WPROUMATE. 

Approximate Boring location 

Feet 

Milligrams per kilogram 

Milligrams per liter 

Total Lead for comparison to the total threshold limit concentration 

Waste Extraction Tests 

Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 

Soluble lead by Toxicrty Characteristic Leaching Procedure 

Not detected above reporting limits presented in Appendix A 
1 FIGURE 1 BORING LOCATION MAP , 

---- LANE WIDENING SR-91 

4/09 ANAHElMNORBA LINDA. CALIFORNIA 



I 
Sample 

Simple 
Sample TTLC WET-citric WET-Dl  TCLP 

,,., D a l e  (mglkg)  (mgl l )  (mgl l l  (mgl l )  pH 1 

- - 

Sample Sample TTLC WET-citric WET-DI TCLP 

( r t l  
Data (mglkg) (mgl l l  (mgl l )  (rngll) 

850-0 5 0 5 31U12009 4 1  1 

LEGEND 

8-1 23 Approximate Boring location 

ft Feet 

mg/kg Milligrams per kilogram 

mgll Milligrams per liter 

( TTLC Total Lead for comparison to the total threshold limit concentration 

1 WET 
Waste Extraction Tests 

1 WET-citric Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

WET-Dl Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 1 TCLP Soluble lead by Toxicity Characteristic Leaching Procedure 

I ND 
Not detected above reporting limits presented in Appendix A 

APPROXIMATE SCALE IN FEET I BORING LOCATION MAP 1 FIGURE I 
0 100 200 

NOTE: ALL OIMENSIONS. DIRECTIONS AN0 U3CP.TIONS ARE APPROXIMATE. 

PROJECT NO. I DATE 
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Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 

I TCLP Soluble lead by Toxicity Characteristic Leading Procedure 
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Not detected above reporting limits presented in Appendix A 
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Sample s a m p l e  TTLC . WET-ci tr ic W E T -D l  TCLP 
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B  !1T-0.5 0.5 ?IUIZ009 ?JO 43 LL LZ 

8 1Li-15 15 '3/UIZLMl3 NO 

I3 115-3 0  3 0  IIUIZOOY 6 1 

, I.., I I I I I I 
85645 0 5  3/13/2009 24 

B56-15 15 111012009 26 I I 

p H  

APPROXIMATE SCALE IN FEET 

I NOTE: ALL DIMENSIONS. DIRECTIONS AND LOCATIONS ARE APPROXIMATE. 
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Total Lead for comparison to the total threshold limit concentration 

Waste Extraction Tests 

Soluble lead by WET using citric acid for comparison to the Soluble Threshold Lirnit in Concentration 

Soluble lead by WET using deionized water for comparison to the Soluble Threshold Lirnit in Concentration 

Soluble lead by Toxicity Characteristic Leaching Procedure 

Not detected above reporting limits presented in Appendix A 
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Total Lead for comparison to the total threshold limit concentration 

Waste Extraction Tests 

Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 

Soluble lead by Toxicity Characteristic Leaching Procedure 

Not detected above reporting limits presented in Appendix A I PROJECTNO. I DATE I BORING LOCATION MAP 
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' LEGEND l - ~ ~ ~  -. p.pp-ppp ---- -I 
1 6-1 11 Approximate Boring location 

Feet 

Milligrams per kilogram 

I mgh Milligrams per liter 

1 TTLC Total Lead for comparison to the total threshold limit concentration 

1 WET Waste Extraction Tests I 

APPROXIMATE SCALE IN FEET 

/ WET-citric Soluble lead by WET using citric acid for comparison to the Soluble Threshold Liml in Concentration I. I 

WET-Dl Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 

Soluble lead by Toxicrty Characteristic Leaching Procedure 
/ BORING LOCATION MAP 

0 100 
Not detected above reporting limits presented in Appendix A 
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APPROXIMATE SCALE IN FEET 

I LEGEND I 
I B-107 Approximate Boring location 
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Milligrams per kilogram 

I mgh Milligrams per liter I TTLC Total Lead for comparison to the total threshold limit concentration 

I WET Waste Extraction Tests I 1 
WET-citric Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

1 WET-Dl Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 1 I 
TCLP Soluble lead by Toxicity Characteristic Leaching Procedure 

ND Not detected above reporting limits presented in Appendix A 1 Yinyo &Moore 
I 

BORING LOCATION MAP 1 FIGURE 
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6-1 04 Approximate Boring location I Feet 

1 mgkg Milligrams per kilogram 

1 mgll Milligrams per liter I lTLC Total Lead for comparison to the total threshold limit concentration 

I Waste Extraction Tests 

1 WET-citric Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

WET-Dl Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 

APPROXIMATE SCALE IN FEET 
Soluble lead by Toxicny Characteristic Leaching Procedure 

0 100 200 

NOTE: ALLDIMENSIONS. DIRECTIONSAND L0CATIONSAREAPPROXI)ilATE. 

LANE WIDENING SR-91 
ANAHEIMNORBA LINDA, CALIFORNIA 

p h p & y ( o o r e  
I 

ND Not detected above reporting limits presented in Appendix A PROJECT NO. 
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LEGEND 

8-75 Approximate Boring location 

ft Feet 

mglkg Milligrams per kilogram 

mgn Milligrams per liter 

lTLC Total Lead for comparison to the total threshold limit concentration 

WET Waste Extraction Tests 

WET-citric Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

APPROXIMATE SCALE IN FEET 

0 100 200 

NOTE: ALL DIMENSIONS. DIRECTIONS AND LOCATIONS ARE APPROXIMATE. 

WET-Dl Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 
BORING LOCATION MAP I FIGURE 

TCLP Soluble lead by Toxicity Characteristic Leaching Procedure 

ND Not detected above reporting limits presented in Appendix A PROJECT NO. LANE WIDENING SR-91 

207384014 ANAHElMNoRBA LINDA, CALIFORNIA 28 



APPROXIMATE SCALE IN FEET 

0 100 200 

NOTFALL DIMENSIONS. DIREC~ONS AND t.ownONs ARE APPRONUATE. 
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Milligrams per kilogram 

Milligrams per liter 

Total Lead for Comparison to the total threshold limit concentration 

Waste Extraction Tests 

Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 

Soluble lead by Toxicrty Characteristic Leaching Procedure 

Not detected above reporting limits presented in Appendix A 
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1 LEGEND 1 

Approximate Boring location 

Feet 

Milligrams per kilogram i 
Milligrams per liter 1 

lTLC Total Lead for comparison to the total threshold limit concentration 

WET Waste Extraction Tests 

WET-citric Soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit in Concentration 

WET-Dl Soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in Concentration 
APPROXIMATE SCALE IN FEET 
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Waste Extraction Tests 

WET-citric soluble lead by WET using citric acid for comparison to the Soluble Threshold Limit i,l Concentration 

BORING LOCATION MAP soluble lead by WET using deionized water for comparison to the Soluble Threshold Limit in 
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TABLE B-1 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - COMBINED LAYERS 
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State Route 91 
Orange County, California 

.Appendix B 
Project No. 2073840 14 

TABLE B-1 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - COMBINED LAYERS 

Sample ID 

B16-1.5 
B 16-3.0 
B 16-4.0 
B 17-0.5 
B17-1.5 
B17-3.0 
B 17-4.0 
B 18-0.5 
B18-1.5 
B 18-3.0 

Depth 
(feet bgs) 

1.5 
3.0 
4.0 
0.5 
1.5 
3.0 
4.0 
0.5 
1.5 
3.0 

Total Lead 

(mg/kg) 

2.5 
2.5 
2.5 
49 
28 
2.5 
34 
12 
30 
2.5 

Total Lead % 
of Maximum 

0.0045 
0.0045 
0.0045 
0.0891 
0.0509 
0.0045 
0.0618 
0.02 18 
0.0545 
0.0045 

Transformed Data 
Arcsine 

0.004545470 
0.004545470 
0.004545470 
0.089209187 
0.050931 107 
0.004545470 
0.061857623 
0.021819913 
0.054572538 
0.004545470 
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TABLE B-1 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - COMBINED LAYERS 
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'TABLE B-1 
LEAD ANALYSES -EASTBOUND 91 FREEWAY - COMBINED LAYERS 
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TABLE B-1 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - COMBINED LAYERS 



State Route 91 
Orange County, California 

Appendix B 
Project No. 20738401 4 

TABLE B-1 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - COMBINED LAYERS 

Total Lead 
Number of Samples: 
Sample Mean: 
Delta = RT - mean 
Appropriate Number of Samples: 
Standard Deviation of Sample: 
Standard Deviation of Mean: 
Sample Variance: 
t-value for 90%: 
Upper Confidence Limit for 90%: 
Reverse Transformation for 90% 
t-value for 95%: 
Upper Confidence Limit for 95%: 
Reverse Transformation for 95% 

Max TTLC: 
274 
24 

976 
0.00 
50 
3 

251 1 
1.282 

550 Transformed Data Soluble Data 
274 

0.046 

Need to Transform Data 
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TABLE B-2 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - SURFACE LAYER 
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State Route 9 1 
Orange County, California 

Appendix B 
Project No. 207384014 

TABLE B-2 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - SURFACE LAYER 

Total Lead 
Number of Samples: 
Sample Mean: 
Delta = RT - mean 
Appropriate Number of Samples: 
Standard Deviation of Sample: 
Standard Deviation of Mean: 
Sample Variance: 
t-value for 90%: 
Upper Confidence Limit for 90%: 
Reverse Transformation for 90% 
t-value for 95%: 
Upper Confidence Limit for 95%: 
Reverse Transformation for 95% 

Max TTLC: 5 50 rransformed Data Soluble Data 
80 80 
50 0.098 

950 
0.01 
80 
9 

642 1 
1.294 Need to Transform Data 
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TABLE B-3 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - 1.5 FOOT LAYER 
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TABLE B-3 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - 1.5 FOOT LAYER 

Total Lead 
Number of Samples: 
Sample Mean: 
Delta = RT - mean 
Appropriate Number of Samples: 
Standard Deviation of Sample: 
Standard Deviation of Mean: 
Sample Variance: . 
t-value for 90%: 
Upper Confidence Limit for 90%: 
Reverse Transformation for 90% 
t-value for 95%: 
Upper Confidence Limit for 95%: 
Reverse Transformation for 95% 

Max TTLC: 
76 
22 

978 
0.00 
3 2 
4 

1051 
1.294 Need to Transform Data 

Transformed Data 
76 

0.159 

Soluble Data 
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TABLE B-4 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - 3 FOOT LAYER 
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TABLE B-4 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - 3-FOOT LAYER 

Total Lead 
Number of Samples: 
Sample Mean: 
Delta = RT - mean 
Appropriate Number of Samples: 
Standard Deviation of Sample: 
Standard Deviation of Mean: 
Sample Variance: 
t-value for 90%: 
Upper Confidence Limit for 90%: 
Reverse Transformation for 90% 
t-value for 95%: 
Upper Confidence Limit for 95%: 
Reverse Transformation for 95% 

Max TTLC: 
65 
8 

992 
0.00 

12 
2 

151 
1.296 

68 Transformed Data 
65 

0.128 

Soluble Data 

0.260 
0.032 
0.068 

Need to Transform Data 1.296 
0.170 

12 m g k  0.37 mg/l 
1.670 
0.182 

12 mgflcg 0.44 mgA 
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'TABLE B-5 
LEAD ANALYSES - EASTBOUND 91 FREEWAY - 4 FOOT LAYER 
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LEAD ANALYSES - EASTBOUND 91 FREEWAY - 4 FOOT LAYER 

Appendix B 
Project No. 207384014 

Total Lead 

I 
Number of Samples: 
Sample Mean: 
Delta = RT - mean 
Appropriate Number of Samples: 
Standard Deviation of Sample: 
Standard Deviation of Mean: 

Transformed Data 
Arcsine Sample ID 

Sample Variance: 
t-value for 90%: 
Upper Confidence Limit for 90%: 
Reverse Transformation for 90% 
t-value for 95%: 
Upper Confidence Limit for 95%: 
Reverse Transformation for 95% 

Max -LC: 
53 
7 

993 
0.00 

9 
I 

79 
1.299 

Depth 
(feet bgs) 

3 8 Transformed Data 
53 

0.204 

0.334 
0.046 
0.111 

Need to Transform Data 1.299 

Total Lead 
(mdkg) 

Soluble Data 

Total Lead % 
of Maximum 
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of Maximum 
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TABLE 8-6 
LEAD ANALYSES - WESTBOUND 91 FREEWAY - COMBINED LAYERS 
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'TABLE 8-6 
LEAD ANALYSES - WESTBOUND 91 FREEWAY - COMBINED LAYERS 

Total Lead 
Number of Samples: 
Sample Mean: 
Delta = RT - mean 
Appropriate Number of Samples: 
Standard Deviation of Sample: 
Standard Deviation of Mean: 
Sample Variance: 
t-value for 90%: 
Upper Confidence Limit for 90%: 
Reverse Transformation for 90% 
t-value for 95%: 
Upper Confidence Limit for 95%: 
Reverse Transformation for 95% 

Sample ID 

B145-1.5 
B 146-0.5 
B 147-0.5 
B147-1.5 
8148-1.5 
8149-1.5 
B150-1.5 
B151-0.5 
BI5I-1.5 

Max TTLC: 
130 
32 

968 
0.01 
54 
5 

2910 
1.282 

290 Transformed Data Soluble Data 
130 

0.124 

Need to Transform Data 

Depth 
(feet bgs) 

1.5 
0.5 
0.5 
1.5 
1.5 
1.5 
1.5 
0.5 
1.5 

Total Lead 
(mg/kg) 

54 
58 
9.6 
2.5 
2.5 
17 

2.5 
48 
30 

Total Lead % 
of Maximum 

0.1862 
0.2000 
0.033 1 
0.0086 
0.0086 
0.0586 
0.0086 
0.1655 
0.1034 

Transformed Data 
Arcsine 

0.187300100 
0.201357921 
0.033 109497 
0.008620796 
0.008620796 
0.0586543 16 
0.008620796 
0.166282464 
0.103633680 
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TABLE B-7 
LEAD ANALYSES - WESTBOUND 91 FREEWAY - SURFACE LAYER 
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TABLE B-7 
LEAD ANALYSES - WESTBOUND 91 FREEWAY - SURFACE LAYER 

Total Lead Max TTLC: 290 Transformed Data Soluble Data 
Number of Samples: 5 7 5 7 
Sample Mean: 5 2 0.194 
Delta = RT - mean 948 
Appropr~ate Number of Samples: 0.01 
Standard Deviat~on of Sample: 62 0.27 1 
Standard Dev~ation of Mean: 8 0.036 
Sample Var~ance: 3792 0 074 
t-value for 90%: 1.297 Need to Transform Data 1 297 
Upper Confidence Limit for 90%: 
Reverse Transformation for 90% 
t-value for 95%: 1.674 
Upper Confidence L~mit for 95%: 
Reverse Transformation for 95% 

Sample ID 

B145-0.5 
B146-0.5 
B 147-0.5 
B151-0.5 

Depth 
(feet bgs) 

0.5 
0.5 
0.5 
0.5 

Transformed Data 
Arcsine 

0.4648356 12 
0.201357921 
0.033 109497 
0.166282464 

Total Lead 
(mg/kg) 

130 
5 8 
9.6 
48 

Total Lead % 
of Maximum 

0.4483 
0.2000 
0.033 1 
0.1655 
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TABLE B-8 
LEAD ANALYSES - WESTBOUND 91 FREEWAY - 1.5 FOOT LAYER 
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Total Lead 
Number of Samples: 
Sample Mean: 
Delta = RT - mean 
Appropriate Number of Samples: 
Standard Deviation of Sample: 
Standard Deviation of Mean: 
Sample Variance: 
I-value for 90%: 
Upper Confidence Limit for 90%: 
Reverse Transformation for 90% 
t-value for 95%: 
Upper Confidence Limit for 95%: 
Reverse Transformation for 95% 

Sample ID 

207384014 T LSI xis 

Max TTLC: 170 
48 
18 

982 
0.00 
32 
5 

997 
1.30 1 Need to Transform Data 

Depth 
(feet bgs) 

Transformed Data 
48 

0.1 18 

Soluble Data 

Transformed Data 
Arcsine 

Total Lead 
(mgkg) 

Total Lead % 
of Maximum 
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TABLE B-9 
LEAD ANALYSES - WESTBOUND 91 FREEWAY - 3 FOOT LAYER 

Total Lead 
Number of Samples: 
Sample Mean: 
Delta = RT - mean 
Appropriate Number of Samples: 
Standard Deviation of Sample: 
Standard Deviation of Mean: 
Sample Variance: 
t-value for 90%: 
Upper Confidence Limit for 90%: 
Reverse Transformation for 90% 
t-value for 95%: 
Upper Confidence Limit for 95%: 
Reverse Transfornation for 95% 

Max TTLC: 
16 
7 

993 
0.00 

9 
2 

85 
1.34 1 

36 Transformed Data 
16 

0.246 

0.386 
0.096 
0.149 

Need to Transform Data 1.34 1 

Soluble Data 

l o f l  
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'TABLE B-10 
LEAD ANALYSES -WESTBOUND 91 FREEWAY - 4 FOOT LAYER 

of Maximum 

Total Lead 
Number of Samples: 
Sample Mean: 
Delta = RT - mean 
Appropriate Number of Samples: 
Standard Deviation of Sample: 
Standard Deviation of Mean: 
Sample Variance: 
I-value for 90%: 
Upper Confidence Limit for 90%: 
Reverse Transformation for 90% 
t-value for 95%: 
Upper Confidence Limit for 95%: 
Reverse Transformation for 95% 

Max TTLC. I I 
I I 
3 

997 
0.00 

3 
1 
7 

1.372 Need to Transform Data 

Transformed Data 
I I 

0.351 

Soluble Data 

l o f l  
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HISTOGRAM 

207384014 R Amal Dcp Lead lnvdoc 
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APPENDIX D 

CORRELATION OF TOTAL LEAD TO SOLUBLE LEAD 

207384014 R Aerial Dep Lead Inv.doc 
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207384014 R Aerial Dep Lead 1nv.doc 



State Route 9 1 
Orange County, California 

Appendix E 
Project No. 207384014 

FIGURE El  - BLOCK DIAGRAM FOR POTENTIAL CALTRANS RIGHT-OF-WAY RE-USE ONE-TAILED 90 PERCENT 
UCLs FOR ARCSINE TRANSFORMATION - EASTBOUND ROUTE 91 

Layers Combined 
a reel 

2 feel - 

l ieel  

Total Lead Soluble Lead W I I ~ C )  

1.9 mgll* 

Layers Separated 
0 Ihl 

Total Lead 12 mgikg* Soluble Lead (WETcitric) 0.37 mgll* 

1 - Non-hazardous sod with respect to total and soluble lead 

- Reuse Condition 1 [Hazardous. Variance applies. Use macerial on job site. Place a minimum of 5 feel above maximum water 
table elevation and cover with at least I foot of non-hazardous soil] 

I I 111 I I I I I 111 - Reuse Condition 2 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water table 
elevation and protect t om infileation with a pavement structure which will be maintained by the Dep&ent] 

- Hazardous. Class 1 disposal site, all other Title 22 CCR requiremenls apply 

.......................... : :  ...... :.::.>:. : .................. ......... - ... : . . . . . . .  .,.............. Hazardous. Class 1 disposal site RCRA based on the layer having a TCLP value > 5 m u  ..................... 

UCL 
WET-Dl 

WET-citric acid 
TCLP 
m w k  

mwl 
CCR 

RCRA 

upper wnfidence limit 
soluble lead using the Waste Exmction Ted with deionized water 
saluble lead using the Waste Exuaction Ted with citric acid 
Toxicity Characteristic Leaching Procedure 
milligrams per kilogram 
milligrams per liter 

California Code of Regulations 

Resource, Conservation, and Recovery Act 
Soil in the vicinity of boring 830  from the depth of approximately 1.5 to 3 feet bgs and I?om approximately station numbers 177 to 180 is suitable for on-site reuse by 
the Department with respect to total and soluble lead conceneations if it is placed a minimum of 5 feet above maximum water table elevation and is covered with at 
least I foot of non-hazardous soil. 
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FIGURE E2 -BLOCK DIAGRAM FOR POTENTIAL CALTRANS OFF SITE DISPOSAL 
ONE-TAILED 95 PERCENT UCLS FOR ARCSINE TRANSFORMATION - EASTBOUND ROUTE 91 

Layers Combined 
0 f e l  

Total Lead Soluble Lead (WETci,"c) 

2.0 rngil* 
2 feet - 

4feet 

Layers Separated 
0 kt 

2 feel 4 Total Lead 34 rng/kg l -4  1 Soluble. Lead (WETiitric) 2.2 mg/l I 
Soluble Lead (WET-citric) 0.44 mg/la 

- 
Non-hazardous soil with respect lo total and soluble lead 

4feet 

- Reuse Condition 1 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water 

table elevation and cover with at least 1 foot of non-hazardous soil] 

I I I I I I I 111 1 I I - Reuse Condition 2 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water table 

elevation and protect from infiltration with a pavement structure which will be maintained by the Department] 

Total Lead I1 mgkg 

- Hazardous. Class I disposal site, all other Title 22 CCR requirements apply 

Soluble Lead (WETcitric) 0.29 mgll 

........................ ....................... .................... .................. - . ...................... .................................. Hazardous. Class 1 disposal site RCRA based on the layer having a 'TCLP value 2 5 mgA ................. 

UCL - upper confidence limit 
WET-DI - soluble lead using the Waste Extraction Test wilh deionized water 

WET-cibic acid - soluble lead using h e  Waste Extraction Ted wilh citric acid 
TCLP - Toxicity Characteristic Leaching Procedure 
mgkg - milligrams per kilogram 

mg/l - milligrams per liter 
CCR - California Code ofRegulations 

RCRA - Resource, Conservation, and Recovery Act 
* . Soil in the vicinity of boring 830 from the depth of approximately I 5 to 3 feet bgs and from approximately station numbers 177 to 180 is classified as hazardous and should 

be disposed at a Class I disposal site in accordance with Title 22 CClR requirements. 

207384014 T LSI .Is l o f l  
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FIGURE E3 - BLOCK DIAGRAM FOR POTENTIAL CALTRANS RIGHT-OF-WAY RE-USE ONE-TAILED 90 PERCENT 
UCLs FOR ARCSINE TRANSFORMATION - WESTBOUND ROUTE 91 

Layers Combined 
0 bl 

Layers Separated 

Total Lead 13 mgkg Soluble Lead (WET-cibic) 2.9 mgil 

Total Lead 69 mgkg 1 1 1 ] ] ] ] ] ] ] m m  
Soluble Lead (WET-cibic) 4.0 mgil 

UCL 

WT.DI 
UZT<snc acid 

TCLP 

+l 

4 
CCR 

RCRA 

4w 

- Non-hazardous soil with rcspnt to total and soluble lead 

- Reuse Condition 1 [Hazardous. Variance applies. Use mderial on job sile Place a minimum of 5 feet above maximum water 
table elevation and cover with at least 1 foot of non-hazardour soil] 

Total Lead 5.5 mgkg 1 

- Reuse Condition 2 [Hazardous. Variance applies Use maicrial on job sile. Place a minimum of 5 feet above maximum water table 
elevation and protect horn infiltration with a pavement rmchue  which will be maintained by Ihe Department] 

Soluble Lead (WET-citric) 2.3 mgll 

- Hazardous Class I disposal site, all other Title 22 CCRrequirernents apply 

- Hazardorrr. Class 1 d i o s a l  site RCRA based on Ihe layer having a TCLP value > S  mgll 

upper confidence limit 
soluble lead using the Waste Enkaction Test with deionized water 
soluble lead using the Waste Enmt ion  Test with cikic acid 
ToxiciIy Characteristic Leaching Procedure 
milligram per kilogram 
milligrams per liter 
California Code of Regulations 
Resource, Conservation, and Recovery Act 

l o f l  
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FIGURE E4 - BLOCK DIAGRAM FOR POTENTIAL CALTRANS OFF SITE DISPOSAL 
ONE-TAILED 95 PERCENT UCLs FOR ARCSINE TRANSFORMATION - WESTBOUND ROUTE 91 

L a y e r s  Combined 

L a y e r s  S e p a r a t e d  
n fm ... 

Soluble  Ixad (WET-ci tnc)  7 2 mg/l 
I I 

Total Lead 30 mgikg _1 
Total Lead 15 rng/kg 

Soluble  L e a d  (WETxi t r ic)  4.1 mgl l  

Soluble  L e a d  (WET-citric) 3.0 mg/l 

UCL 
WET-Dl 

WET<ims =id 
TCLP 

mgn8 

mpn 
CCR 

RCRA 

If& 

Non-hazardous soil with respect to total and soluble lead 

Reuse Condition I [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water 
table elevation and cover with at least 1 foot of nonhazardous soil] 

Tota l  Lead 6.0 rng/kg 

Reuse Condition 2 [Hazardous. Variance applies. Use material on job site. Place a minimum of 5 feet above maximum water table 
elention and protect bom infiltration with a pavement struchlre which will be maintained by the D e p m e n t ]  

Soluble  L e a d  (WET-citric) 2.4 mg/l 

Hazardous Class 1 d~sposal site, all other Title 22 CCR requirements apply 

Hazardous. Class 1 disposal s i b  RCRA based on the layer having a TCLP value > 5 m g ~ l  

upper confidence Emit 
soluble lead using the Waste Extraction Test with deionized water 
soluble lead using the Waste Extraction Test with ciI5c acid 
Toxicity Characteristic Leaching Procedure 
milligrams per kilogram 
milligrams per liter 
California Code of Regulations 
Resource, Conservation, and Recovery Act 



Business, Transporntion and llousing Agency 

M e m o r a n d u m  
TO: Andrew Oshrin 

Design Branch "D" 
File: 12-Ora-9 1 

PM 9.1115.9 
Materials Letter Report 
MLR- EA#OG3300 

From: DEPARTMENT OF TRANSPORTATION 
District 12 
Materials and Research Branch Cat: 441.01 

subject: SR 91 Eastbound and Westbound Lane Widening, Cities of Anaheim and Yorba 
Linda, County of Orange 

In accordance with your request, Materials and Research (M&R) Branch has prepared this 
Materials Letter Report (MLR) to provide you with recommendations for pavement structural 
sections for the proposed Widening. 

This MLR provides pavement design and materials recommendations in accordance with Topic 
1 14 of Highway Design Manual (2006). Our data is limited to a depth of 5 feet below the 
existing grade. Suitability of underlying material below the upper 5 feet and other issues such as 
settlement, groundwater elevations, etc. should be addressed by Roadway Geotechnical Design- 
South from HQ. 

1. Introduction 
Sate Route 91(SR-9 1) is the only significant transportation facility connecting Orange County and 

Riverside County. It is also a major link connecting the Los Angeles region with the Inland Empire, as 
well as accommodating interstate traffic. The purpose of this project is to relieve congestion and improve 
operational efficiency on SR-91 between State Route 55 and State Route 241.This project proposes to add 
one general-purpose (GP) lane on SR-91 eastbound (EB) from the SR-91/55 connector (PM 9.1) to east of 
the Weir Canyon Road Interchange (PM 15.9), and westbound (WB) from east of Weir Canyon Road 
(PM 9.1) to the Imperial Highway (SR-90) interchange (PM 11.4). 

2.0 Proposed Project Improvement 
This project proposes to add one general-purpose (GP) lane on SR-91 eastbound (EB) from the SR-91/55 
connector (PM 9.1) to east of the Weir Canyon Road Interchange (PM 15.9), and westbound (WB) from 
east of Weir Canyon Road (PM 9. I )  to the Imperial Highway (SR-90) interchange (PM 11.4). 



3.0 Summary of Field Investigation 
Our field investigation was performed on February 4,2008 and consisted of drilling a total of 
eleven (I 1) cores on and off the existing AC shoulder along the proposed widening lane. The 
purpose of this investigation was to obtain representative samples from the subsurface soils at the 
location of MB-I, MB-2, MB-4, MR-5, MB-7 through MB-9, MB-I 1, MB-12, MB-13 and MB- 
15 as shown on the attached Coring Location Plan. Eleven (I 1) bulk samples were collected 
from MB-1, MB-2, MB-4, MB-5, MB-7 through MB-9, MB-11, MB-12, MB-13 and MB-15. 
The recovered samples were sent to District 7 laboratory for testing. The summary of core data 
obtained during coring is presented on the attached table 1. 

4.0 Subsurface and Groundwater Conditions 
The subsurface investigation conducted by Materials & Research (M&R) Branch is limited to a 
depth of about 5 feet. It was generally consisted of and 0.4 and 0.45 A of AC pavement over 0.5 
and 0.67 A of aggregate base at the location of MB-1 and MB-7, respectively. Subgrade soils 
generally consists of brown silty sand or siltylsandy clay with gravel. Groundwater was not 
detected in any of the eleven boreholes and we have no information regarding the groundwater 
elevations in this area. Any issues with respect to groundwater should be addressed by Roadway 
Geotechnical Design-South from HQ. It is required that groundwater levels be kept a minimum 
of 5 feet below the pavement structural section. 

5.0 Cut and Fill Construction 
Construction of the proposed lane addition will require removal of the existing ACPCC 
pavement and the underlying unsuitable subgrade soil material (if required). Any material placed 
within the upper 5 feet of the finished subgrade shall be imported borrow with a minimum R- 
Value o f  40 and with an expansion index of less than 50 and PI not less than 12 and is subject to 
inspection and approval by'the Resident Engineer. 

6.0 Earthwork 

6.1 General Earthwork Requirements 
A11 earthworks shall conform to the requirements of Section 19 of Caltrans May 2006 edition of 
Standard Specifications, and project Special Provisions. Compaction of soilsz4&.Se conducted 
in accordance with Section 19-5 of the Caltrans Standard Specifications. Any tevporary sloping, 
sheeting and shoring shall be made the Contractor's responsibility. Appropriate measures shall 
be taken to prevent damage to adjacent structures and utilities. 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. 

6.2 Construction Observations and Testing 
It is recommended that inspection and testing be performed and documented during the 
following stages of construction: 

Grading operations, including overexcavation and cut. 
Removal of existing AC Pavement. 
Preparation of pavement subgrade. 
Placement of  aggregate base and subbase. 
Placement of Pavement sections. 



When any unusual conditions are encountered. 

7.0 Laboratory Testing 
The following laboratory tests were performed on each sample collected from the 
boreholes: 

Sieve Analysis (CTM 202) 
Mechanical Analysis (CTM 203) 
Atterberg Limits (CTM 204) 
Sand Equivalent (CTM 2 17) 
R-Value (CTM 301) 
Expansion Index (UBC 29.2) 
Resistivity and pH (CTM 643) 

Summary of the laboratory test results performed on the recovered soil samples is presented on 
the attached table 2: 

7.1 Corrosion Testing 
Soil sample obtained from Core holes MB-I through MB-11 were sent to District 7 Materials 
Laboratory for PH and resistivity testing. Results of laboratory corrosion testing are presented in 
Table 2. 

7.2 Site Corrosion Recommendations 
Caltrans Corrosion Guidelines (September 2003), defines a corrosive environment as one where 
one of the following condition exist at a site, the soil has electrical resistivity of less than 1000 
0-cm, pH of less than 5.5, sulfate content of greater than 2,000 ppm, chloride content of greater 
than 500 ppm. All soil samples were sent to District 7 Materials Laboratory for pH and 
resistivity testing. Only samples with electrical resistivity of less than 1000 ohm-cm will be sent 
to Headquarters for chloride and sulfate content testing in accordance with CTM 422, and CTM 
417 respectively. Soil sample from MB-3 has been sent to the Headquarters for additional testing 
(CT 41 7 and CT 422). Based on the results of laboratory corrosion testing the site appears to be 
non-corrosive. 

8.0 Pavement Recommendations 
The following structural sections are based on the results of laboratory testing, subgrade soil type 
(type I1 soil), Traffic Index provided by the District 12 Traffic Studies Branch for the main route 
and the requirement of Chapter 620 and Topic 614 of the HDM, September 1,2006: 

v e n t  Name ygT ;:;-::gel 
L 8  and WB General A % % k . O i  1 i . 5 4  0 4  

0.85 0.40 
Ramps 



As an alternative the following structural sections (full depth HMA) can be used for the ramps: 

Traffic I ~ ~ M A - A  Aggregate Subase 

12.5 1.15 
Off-Ramps at Lakeview and 

12.5 1.15 0.35 
Ramps and Off-Ramps at 
Weigh Station and Weir 

1 Canyon RD 

The above structural sections will be reevaluated after our review of the results of deflection 
studies to be provided on the SR-91 EB and WB On Ramps and Off Ramps. Same structural 
section as the ramps shall be used for the shoulder and MVP areas in order to compensate for 
truck off-tracking on the shoulder and MVP areas. No edge drain is recommended. 

9.0 Material Availability 
Imported borrow will be required for replacement of unsuitable soils within the project limits. 
Local sources of construction materials were not investigated in this study. However, materials 
are available from several commercial suppliers throughout Orange, Los Angeles, Riverside and 
San Bemardino Counties. Furthermore, the Web-Site of Department of Consemation on the 
Internet contains a current listing of mining operations eligible to sell materials to the State of 
California. The page can be accessed at: htt~://www.consrv.ca.~ov/omr/index.htm 

10.0 Limitations 
T h ~ s  report is intended for the use of Caltrans for the proposed SR 91 Eastbound and 
Westbound Lane Widening, Cities of Anaheim and Yorba Linda, County of Orange. This 
report is based on the project information described in this report and the information obtained 
from the exploratory boreholes at the approximate locations indicated on the attached Boring 
Location Layout plan. The findings and recommendations contained in this report are based on 
the results of the field investigation, laboratory tests, and engineering analyses. In addition, 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. The findings reflect an interpretation of the direct 
evidence obtained. The recommendations presented in this report are based on the assumption 
that an appropriate level of quality control and quality assurance (testing and inspection) will be 
provided during the construction phase of the project. District Materials and Research Branch 
should be notified of any pertinent changes in the project plans or if subsurface conditions are 
found to vary from those described herein. Such changes or variations may require a re- 
evaluation of the recommendations contained in this report. 

The data, opinions, and recommendations contained in this report are applicable to the specific 
design element(s) and location(s) which is (are) the subject of this report. They have no 
applicability to any other design elements or to any other locations and any and all subsequent 
users that accept any and all liability resulting from any use or reuse of the data, opinions, and 



recommendations without the prior written consent of the District Materials and Research 
Branch. 

This report is prepared 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. 

11.0 Recommended  materials Specifications 
The following requirements shall be included in the project specifications: 

Prior to the placement of pavement section on native soils, the native soils within the 
upper 5 ft to the finished grade shall be tested to verify type I1 subgrade soil and be non- 
corrosive to metals and concrete and have an R value of not less than 40 or plasticity 
index of less than 12. If the existing native soils within the upper 5 ft to the finished grade 
is determined not meeting the above requirements, the existing native soils shall be over- 
excavated and replaced with imported borrow material meeting the imported fill 
recommendations herein. Borrow materials shall conform to Section 19-7.02 of Caltrans 
Standard Specifications (May 2006). 
Per section 626.2 of HDM (September I, 2006), the pavement structure for the tied rigid 
shoulder should match the pavement structure of the adjacent lane. Where the shoulder is 
expected to be converted to a traffic lane in the future, the shoulder should be built to the 
same geometric and pavement standards as the lane. 
Prior to the placement of pavement sections, the subgrade soils shall be compacted in 
accordance with Section 19-5.03 of Caltrans Standard Specification (May 2006). 
Saw cut and remove the existing AC or PCC pavement to full depth. 
All new JPCP is required to have dowel bars placed on all transverse joints. These bars 
shall be placed as per the May 2006 Standard Plans P l ,  PI2 and P20. 
Isolation joints for new JPCP adjacent to existing PCCP shall be designed in accordance 
with the May 2006 Standard Plan PI8 and P20. 
Hot Mix Asphalt Concrete (HMA) shall be Type A, Aggregate Base (AB) shall be class 2 
and Aggregate Subbase (AS) shall be Class 2. Extreme care must be taken to ensure 
moisture sensitive aggregates are not used for AC mix design. 
It is imperative that special attention is given to the mix design, compaction and 
temperature requirements for flexible pavement as stated in Caltrans Standard 
Specifications and Project Standard Special Provisions (SSPs). 
The prime coat and tack coat applications and requirements shall follow Sections 39-4.02 
of the Caltrans Standard Specifications. 
For all flexible pavements, it is imperative that special attention be given to mix design 
and compaction requirements. A copy of the approved mix design (field samplings1 
laboratory test results) for Hot Mix Asphalt (HMA) and summary of all field compaction 
records (HMA, AS and subgrade) shall be provided to our office at the conclusion of the 
construction activities and during the project closeout. We nho request a copy of allfield 
temperature measurements for HMA (hauled nndplaced) and ambient to be submitted 
to M&R Branch office at project closeout. 



Specs. are required for asphalt pavement treatment by applying prime coat on AB prior to 
the placement of HMA. Prime coat shall also be applied to a base course of untreated 
materials. 
Tack coat shall be applied to all vertical faces of existing pavement, curbs, gutters and 
construction joints in the surfacing against which additional material is to be placed, to a 
pavement to be surfaced and to other surfaces designated in the Special Provisions. 
Special attention should be given to the following sections of May 2006 Standard 
Specifications: 

Section1 9: Earthwork; 
Section 25: Aggregate Subbases; 
Section 39: Hot Mix Asphalt; 
Section 61 : Culvert and Drainage Pipe Joints; 
Section 63: Cast-In-Place Concrete Pipe; 
Section 64: Plastic Pipe; 
Section 65: Reinforced Concrete Pipe; 
Section 66: Corrugated Metal Pipe; 
Section 68: Subsurface Drains; 
Section 92: Asphalts; 
Section 93: Liquid Asphalts; 
Section 94: Asphaltic Emulsion 

All Standard Special Provisions (SSP) to be included in the project shall be submitted to 
the Materials and Research Branch for review and approval. 

If you have any questions, please call Mike Amoudeh at 949-756-4940 or Behdad Baseghi at X- 

Prepared by: 

Materials & Research Branch 
Division of Project Delivery 

RCE ~ 0 . ~ 4 7 5 6 6  

Chief,  ater rials & Research Branch 
Division of Project Delivery 
RCE No. 4705 1, GE No. 23 10 

Attachments: Boring Location Plan, TabIes 1 and 2 
CC: Ann Truong, Frank Lin, File 



TABLE 1: SUMMARY OF CORING DATA 



TABLE 2: SUMMARY OF LABORATORY TEST RESULTS 
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State of California Business, Transportation and Housing Agency 

M e m o r a n d u m  

TO: MR. ANDREW OSHRIN 
Senior Transportation Engineer 
District 12 Design, Branch D 

Attention: Mr. Adil Mujtaba 

Flex your power! 
Be energy efficient! 

Date: October 07, 2010 

File: 12-ORA-9 1 - PM 1 1.6 
12-063301 
Re-aligned Ramp at 
NB Imperial Hwy (SR 90) 
On-ramp to EB SR 91 

From: DEPARTMENT OF TRANSPORTATION 
Division of Engineering Services 
Geotechnical Services 
Office of Geotechnical Design - South 1 
Branch D 

Subject: Geotechnical Design Report (GDR) for NB Imperial Hwy (SR-90) On-ramp to EB SR-91 
Embankment Re-alignmentlSlope Design 

INTRODUCTION 

In an email memorandum dated March 11,2010, District 12 Design, Branch D requested a 
Geotechnical Design Report for the proposed re-alignmentldesign of embankment slopes for the 
northbound Imperial Highway (SR-90) on-ramp to eastbound State Route 91 (SR-91) as part of the 
State Route 91 Freeway widening project. 

The site is located at post mile 1 1.6 on Route 91 in the City of Anaheim, Orange County, California. 

Scope of Work 

This report presents the geotechnical evaluation and recommendations for the proposed re- 
alignmentldesign of embankment slopes of the northbound Imperial Highway (SR-90) on-ramp to 
eastbound State Route 91 (SR-91). The following slope evaluation and recommendations are based 
on the topographic plan of the site and cross section drawings provided by District 12 Design, 
Branch D and received by the Office of Geotechnical Design South 1 (OGDS 1) dated September 29, 
20 10. 

Tasks completed by OGDS 1, Branch D include the following: 

1. Review of pertinent information from previous geotechnical reports, plans, and As-Built 
Plans/records from the adjacent bridge Route 91/90 Separation, Br. No. 55-0474. 

"Calrrans improves mobility across California" 
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2. Recent field reconnaissance by an engineer plus drilling, logging, and sampling of three rotary- 
wash borings along the ramp to gather subsurface information. The above borings were drilled 
from the top of the existing embankment. 

3. Laboratory testing of selected samples to characterize the subsurface materials. 
4. Review of the regional geology and seismicity. 
5. Evaluation of the stability of the embankment slope and recommendations for slope construction. 

Project Description 

This project is part of planned improvements along Route 91 between State Routes 55 and 241 in the 
Cities of Anaheim, Anaheim Hills, and Yorba Linda. The proposed improvements include adding an 
eastbound lane to the mainline SR-91 and realigning the existing on-ramp (NB SR-90 on-ramp to 
EB SR-91) and extending it to about 1500 feet to the east to connect the ramp with eastbound SR-91 
between Station 3+21 and 18+3 1 Imperial Highway Ramp "IH-3" Line. Existing on-ramp 
embankment will be widened by up to 25 feet with embankment slope designed with l?h(H): 1(V) 
gradient in order to avoid additional right-of-way acquisition. 

FIELD INVESTIGATION 

Site specific field exploration was performed from April 27 through April 29,2010. The field 
investigation included drilling three rotary-wash sample borings (4.5 inch outer diameter). Caltrans 
operated drill rig model CS 2000 was used to drill these borings. Standard Penetration Tests 
(SPT's), and relatively undisturbed sampling (with a split-barrel modified California Sampler, 2 inch 
inner diameter) were performed within the borings. Blow counts (SPT N-values) were recorded at 5 
foot intervals during drilling. The SPT's were performed in accordance with ASTM Test Method 
Dl586 using a standard 1.4 inch I.D. sampler with an automatic 140 lb hammer dropped 30 inches. 
Undisturbed tube soil samples were also obtained using the 2 inch I.D. modified California sampler 
with 4 inch long brass liners. The liners were all cappedsealed in the field. One boring was 
converted to a piezometer for groundwater measurement. The remaining two borings were backfilled 
with bentonite pellets and cappedsealed with asphalt patch after completion of the field 
investigation. Boring Records are attached in Appendix A. 

District 12 Surveys provided the exact locations and elevations of the completed borings. Boring 
information is summarized in Table 1. All elevations provided within this report and proposed 
project plans are based on current NAVD88 datum. 

"Caltrans improlles mobility across California" 
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Table 1 - Summary of Boring Information 

LABORATORY TESTING PROGRAM 

Boring 
No. 

Caltrans DO7 Materials and HQ Geotechnical Laboratories have performed laboratory testing on 
selected samples obtained from the field investigation. The purpose of the laboratory testing was to 
help evaluate the engineering properties of the subsurface materials and to confirm visual 
classification of the soils. Laboratory tests performed include moisture content, dry unit weight, 
wash sieve analysis, Atterberg limits, unconfined compression test, direct shear, and consolidation. 
Laboratory test results are retained in electronic format per the Geotechnical Service (GS) project 
archive requirements. 

SITE GEOLOGY AND SUBSURFACE CONDITIONS 

SR-91 
Centerline 

Station 

Regional Geology 

The project site lies along the southern margin of the Santa Ana River Valley adjacent to the 
northernwestern flank of the Santa Ana Mountains and south of the ChinoIPuente Hills. The Santa 
Ana Mountains, and the site, are part of the Peninsular Ranges Geomorphic Province. Leighton 
Consulting (April 28,2004) mention that "The Peninsular Ranges Province is characterized by 
elongate northwest-trending mountain ridges separated by sediment-floored valleys. The northwest- 
trending Santa Ana Mountains are a large flexure, which has been uplifted on its eastern side along 
the Whittier-Elsinore Fault Zone, producing a tilted, irregular and complex highland that generally 
slopes westward toward the sea. The Whittier-Elsinore Fault Zone separates the Santa Ana 
Mountains, to the south, from the PuenteIChino Hills. The Santa Ana River flows westward through 
this separation created by the Whittier-Elsinore Fault Zone before turning south towards the ocean." 

Offset 
from 
SR-91 

Centerline 
(ft) 
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Drilling 

Completed 



ANDREW OSHRIN 
October 07,20 10 
Page 4 

NB Imperial Hwy (SR-90) on-ramp to EB SR-91 
SR-9 1 FWY Widening Project 

12-06330 1 

The Santa Ana Mountains contain Mesozoic and Cenozoic geologic units which overly Mesozoic 
basement rocks forming the core of the mountains. As shown by Greenwood and Morton (1991), 
sedimentary units tend to be younger on the northwestern and western flanks of the Santa Ana 
Mountains. Older Cretaceous and Jurassic rocks are exposed east and south of the SR-9 1 project 
area. On the flanks of the Santa Ana River Valley, at the project area, Tertiary and Quaternary 
sedimentary units are exposed as outcrops. Nearby Tertiary units include the Fernando Formation 
and Puente Formation, generally ranging from Pliocene to Miocene age. Tertiary units are generally 
composed of marine and possibly some nonmarine sandstone and siltstone beds. Younger surficial 
Quaternary deposits, along the flanks and within the Santa Ana River Valley, include Quaternary 
older alluvial terrace deposits, older alluvium, and Holocene alluvium in the stream valley and 
tributary stream valleys. Landslide deposits are also present in the mountains and along the flanks 
above the stream valley. Artificial fill is also present along the entire SR-9 1 alignment. Quaternary 
alluvial terrace deposits are often composed of sand with gravel and pebbles and cobbles in clayey 
red sand and silt matrix. Alluvium is generally composed of interbedded sand, pebbly sand, gravel, 
silt, and clay. 

Site GeologylSubsurface Conditions 

At the northbound Imperial Highway (SR-90) on-ramp to eastbound State Route 91 (SR- 91) site, 
embankment fill ranges between approximately 5 and 37 ft thick. Top and bottom of embankment 
fill ranges from approximate elevations +321 to +283.5 ft, respectively. Embankment fill is 
underlain by undifferentiated Recent and older Pleistocene alluvial soils. Artificial fill generally 
consists of medium dense to very denselvery stiff to hard, sand, sand with silt, silty sand, clayey 
sand, and sandy clay and clay interlayers. Sproadic gravel occurs within sand interlayers. 
Undifferentiated Recent and older Pleistocene alluvial soils consist of medium dense to very 
denselsoft to very stiff, sand, sand with silt., silty sand, sand with gravel, gravel with sand, and clay 
and silty clay interbeds. 

Below elevations +257.8 to +253.9 ft down to at least +245.0 ft, very soft claystone from the lower 
Fernando Formation is encountered. The maximum boring depth extended down to 76.4 ft (elevation 
+245.0 ft). 

Groundwater 

Rotary-wash boring R-10-002 was converted to a piezometer during OGDS 1's recent investigation 
in order to measure the static groundwater elevation. Groundwater was measured within boring R- 
10-002 at a depth of 40.0 ft below on-ramp roadway grade (static water level measured at elevation 
+28 1.4 ft) on June 7,2010. 

"Calrrans improves mobility across California" 
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Groundwater was measured within Boring R- 10-006 in the OGDS 1 's 201 0 field investigation for the 
adjacent Route 91/90 Separation (Bridge No. 55-0474). Historical groundwater records for the 
bridge were also reviewed in order to determine the design groundwater level. Groundwater was 
measured within the 1967 As-Built penetration Borings B-2, B-3 and B-4 as well as the 1996 As- 
Built rotary-wash Boring B90. 

A summary of recent and As-Built available groundwater information and dates measured are 
presented in Table 2. 

Table 2 - Recent and Historic Review of Groundwater Information 

Exploration 

R- 1 0-002 

R- 10-006 

B90 

B-2 

' ~ 1 1  English unit elevations shown on the 1967 As-Built plans and LOTB elevations are based on assumed 

SR-91 
Centerline 

Station 

B-3 

B-4 

NGVD-1929 datum. As Built plan elevations were shifted by +2 feet to convert the above elevations to 
approximate current NAVD88 datum. 

196+15.0 

189+80 

187+80 

199+26 

Based on the recent and historic historic groundwater review, OGDS 1 recommend using design 
groundwater elevation of +28 1.4 ft for the subject site. 

Offset from 
SR-91 

Centerline 
(ft) 

187+90 

188+23 

SEISMIC RECOMMENDATIONS 

107.3 Rt 

100 Rt 

2 Rt. 

80 Kt. 

Faulting and Seismicity 

Approximate 
Original 
Ground 

Elevation 
(ft) 

79 Rt. 

62 Lt. 

Based on the Caltrans Deterministic PGA Map (July 2009), the Peralta Hills Fault, Elsinore Fault 
Zone (Whittier section), and Elsinore Fault Zone (Chino section) are identified as the nearest seismic 
sources for this site. The controlling deterministic scenario at this site is governed by multi-fault 
hazard. Important fault parameters were obtained from Caltrans 2007 Fault Database and latest 
Fault Errata Report and summarized in Ta'ble 3. Site-to-fault rupture surface distances (r,,) were 
estimated for each nearby seismic source based on the above fault parameters. 

Groundwater 
Surface 1 Date 

Elevation Measured 
(ft) 

32 1.4 

327.7 

320.0 

297.2' 
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297.5' 

295.3' 

28 1.4 

274.7 

278.5 

278.5' 

06/07/ 10 

06/14/10 

03/19/90 

04/27/67 

278.7' 

277.2' 

04/27/67 

04/28/67 
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The ground motion parameters were developed for the adjacent Route 91/90 Separation (Widen) 
(approximately 400 ft west of these proposed slope improvements) as part of the State Route 91 
Freeway widening project and a foundation report was submitted on July 01, 2010. Due to the 
proximity of the bridge to the current ramptslope improvement site, OGDS 1 recommends using the 
same Design Peak Ground Acceleration (PGA) estimated for the bridge, 0.57 g, for the seismic slope 
stability evaluation. 

Seismic analysis was performed in accordance with the procedures and requirements specified in 
Appendix B of the Caltrans' 2009 Seismic Design Criteria (SDC, Version 1.5) for ordinary bridge 
structures and utilizing the Caltrans ARS Online plus spreadsheet tools and the Geotechnical 
Services Design Manual (2009), Version 1 ..0. 

A summary of the seismic analyses are presented in Table 3 below. 

Table 3 - Seismic Analyses Summary 

Surface Fault Rupture Hazard Evaluation 

The project site is not located within any California Geological Survey designated Earthquake Fault 
Zone. The subject site is not considered prone to surface fault rupture hazard; therefore, the 
possibility of surface fault rupture hazard at the bridge site is considered very low. 

Determin. 
Controll. 
Fault & 
Fault ID 

Peralta 
Hills 

FID: 146 
Elsinore 
(Chino 

Section) 
FID: 242 
Elsinore 
(Whinier 
Section) 
FID: 241 

Liquefaction 

DAp 
Dir. 

5:0 

50 a 

W 

NE 
750 

The 7.5-minute Seismic Hazard Zone Map of the Orange Quadrangle (Davis, 1999) indicates that 
the subject site is underlain by potentially Liquefiable soils. OGDS 1 has performed a liquefaction 
analysis using design groundwater elevation of +281.4 ft for the subject site. Considering the dense 

6.2 

7.6 

7.6 
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R 

RLSS 

Fault 
to Site 
Dist. 

RRUP 
(km) 

1.95 

5.57 

Other ARS Parameters PGA (g's) 

0.57 

0.37 

0.39 

Basin 
Effects Hanging 

Wall 

Yes 

No 

No 

21.0 

(m) 

NA 

Near 

increase 

Yes 

Yes 

Yes 

ARS 
Online 

o,45 

22.5 

(km) 

NA 

USGS 
Deagg. 

0.54 

Design 

0.57 
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to very denselstiff to hard and fine grained or clayey nature of the subsurface soil in the upper 50 ft, 
the liquefaction potential is considered to be low. 

GEOTECHNICAL ANALYSES 

SLOPE STABILITY AND IDEALIZED SOIL PARAMETERS 

Global stability analysis for static and pseudo-static (earthquake) loading was performed using 
computer software Reinforced Slope Stability Analysis (ReSSA 1.0), utilizing Bishop Method to 
compute the minimum factor of safety for circular failure surfaces. OGDS 1 has performed slope 
stability analyses at three critical locations including approximate Stationing 7+00,9+50, and 12+50 
Imperial Highway Ramp "IH-3" Line. 

The analyses were performed using the developed generalized soil profile based on the recent field 
investigation subsurface information and laboratory test results plus placing geosynthetic 
reinforcement between layers of compacted fill as recommended in this report. A traffic surcharge 
load of 240 psf was applied at the top of the slope. For pseudo-static analysis, a seismic force was 
applied to the soil mass based on a horizontal seismic acceleration coefficient, kh, equal to one-third 
of the design PGA. 

The slope stability analysis yielded a factor of safety greater than the minimum acceptable values of 
1.3 and 1.1 for static (global) stability and pseudo-static condition, respectively (Section 5.2.2.3; 
Bridge Design Specifications - August 2004). 

SETTLEMENT ANALYSIS 

Consolidation testing was conducted on the alluvial clay layer samples beneath the embankment. 
Based on field tests and the consolidation test results, alluvial clay layers are considered to be 
normally consolidated to slightly over-consolidated under current embankment load plus traffic load. 
Settlement due to additional load from the new embankment construction is expected to be on the 
order of 3 inches and about 80% of the total settlement is expected to be completed shortly after 
construction. 

RECOMMENDATIONS AND SPECIFICATIONS 

The results of the slope stability analyses indicate that the factors of safety of the abutment slopes 
exceed the accepted minimums for a stable slope. Based on the settlement analyses, no significant 
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long-term settlement is anticipated, and no waiting period is required prior to paving on the newly 
placed the embankment. 

Embankment Construction 

Embankment should be constructed in accordance with Section 19-6 of Caltrans Standard 
Specifications. The new embankment fill should be brought up in layers by benching a minimum of 
6 feet horizontally into competent existing embankment. Primary geosynthetic reinforcement 
material with a long term design strength (1,TDS) of 1250 lblft or greater in the primary strength 
direction is recommended for the reinforced embankment. The primary geosynthetic reinforcement 
should be placed a minimum of 6 feet horizontally into competent existing embankment fill and 
extended out to finished slope for intended overlap. The bottom primary geosynthetic reinforcement 
should be placed at 2 feet above the toe of the slope. The vertical spacing of the primary geogrid 
reinforcement should not be greater than 4 feet. The geogrid may be wrapped up with a minimum 
return length of 3 feet to ensure the pullout capacity. Secondary geosynthetic reinforcement with a 
long term design strength (LTDS) of 100 lblft or greater is recommended at every 2 feet vertical 
spacing for face stability and compaction quality. Secondary reinforcement should be embedded at 
least 5 feet into the new embankment. Primary and secondary reinforcement should be placed 
alternatively. Geosynthetic reinforcement shall be handled and placed per the Caltrans Standard 
Special Provisions (SSP) 19-750. 

The earthwork compaction should be performed in accordance with Section 19-5 of Caltrans 
Standard Specifications. All material in embankment should be compacted to 90% R.C. (relative 
compaction), except as specified in Section 19-5.03 of Caltrans Standard Specifications. The 
contractor shall obtain the local borrow or imported borrow in conformance with Section 19-7, 
Borrow Excavation. 

Embankment slope should be protected with proper erosion control and highway planting in 
accordance with Section 20 of Caltrans Standard Specifications. 

"Caltrans improves mobility across California" 
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The recommendations contained in this report are based on specific project information regarding 
the on-ramp improvements and finished slope requirements that have been provided to OGDS 1, 
Branch D. If any conceptual changes are made during final project design, this office should review 
those changes to determine if these geotechnical recommendations are still applicable. 

If you have any questions or comments, please call Pratheep Piratheepan at (213) 620-2363 or Shiva 
Karimi at (2 13) 620-2 146. - 

Supervised by:Date: 10/07 

.-j? ~ h ; v a  kQ- 
Shiva Karimi, Ph.D., 
Senior Transportation Engineer 

Office of Geotechnical Design South 1 Office of Geotechnical Design South 1 
Branch D Branch D 

Reviewed by: 

i. 
Joe Pratt, C.E.G. No. 2141 
Engineering Geologist 
Office of Geotechnical Design Sou 
Branch D 
cc: 

- --- I I 

District Materials Engineer I Behdad Baseghi I behdad-baseghi@dot.ca.gov 

, 

1 Pending File 
1 DES Office Engineer, Office of 
I P s a F .  
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District Project Manager 
GS Corporate 
District Construction R.E. 
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Jack Young Jack-Young@dot.ca.gov 

Leo Chen 
Mark Willian 
x T  A 

Leo-Chen @dot.ca.gov 
Mark-Willian@dot.ca.gov 
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LOGGED BY BEGIN DATE COMPLETION DATE 

PP 4-28-1 0 4-28-1 0 
DRILLING CONTRACTOR 

Drilling Services 
DRILLING METHOD 
Rotary Wash 

SAMPLER TYPE(S) AND SIZE(S) (ID) 

BOREHOLE LOCATION (LatlLong or NorthIEast and Datum) 

2257892.2 ft 1 6094343.1 ft NAD83 
BOREHOLE LOCATION (Offset, Station, Line) 

171.50' Rt Sta 192+22.3Centerline of Route 91 
DRILL RIG 
CS 2000 (truck) 

SPT HAMMER TYPE 

HOLE ID 

R-1 0-001 
SURFACE ELEVATION 
31 5.9 ft NAVD88 

BOREHOLE DLAMETER 
4.5 in 

HAMMER EFFICIENCY. ERi 
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REPORT TITLE HOLE ID 
BORING RECORD 

DIST. COUNTY ROUTE POSTMILE EA 
12 ORA 91 11.6 120G3301 

PROJECT OR BRIDGE NAME 
NB Imp. ttwy on-ramp to EB SR91 Embankment Realignment 

BRIDGE NUMBER PREPARED BY DATE SHEET 
N A  PP 
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(continued) 
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Geotechnical Services 
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1 Rtl'UKr TI1 L t  HULt IU 
BORING RECORD R-1 0-002 

DIST. COUNTY ROUTE POSTMILE EA 
12 ORA 91 11.6 12-0G3301 

PROJECT OR BRIDGE NAME 
NB Imp. Hwy on-ramp to EB SR91 Embankment Realignment 

BRIDGE NUMBER PREPARED BY 1 DATE SHEET 



DESCRIPTION 

This Bwing Record was developed in accordance with 

HOLE ID 
R-1 0-002 

EA 

Department of Transportation 
Division of Engineering Setvices 
Geotechnical Services 

REPORT TITLE 
BORJNG RECORD 

124G3301 
POSTMILE 1 DIST. 
11.6 12 

Office of Geotechnical Design - South 1 

COUNTY ROUTE 
ORA 91 

PROJECT OR BRIDGE NAME 
NB Imp. liwy owamp to EB SR91 Embankment Realignment 

SHEET 
3 of 3 

DATE 
8-25-10 

BRIDGE NUMBER 
NA 

PREPARED BY 
PP 
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REPORT TITLE 
BORJNG RECORD 
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12 
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COUNTY 
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DESCRIPTION 

Grades medium dense; no fines [ALLUVIUM]. 

Grades very dense. 

Grades SILTY SAND with GRAVEL; medium dense. 

Department of Transportation 
Division of Engineering Services 
Geotechnical Services 
Office of Geotechnical Design -South 1 



DESCRIPTION 

This Boring Record was developed in accordance with 

REPORT TITLE HOLE ID 
Department of Transportation R-10-003 - 
Division of Engineering Services EA 

Geotechnical Services 
12-063301 

PROJECT OR BRIDGE NAME 
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State of California 

M e m o r a n d u m  
TO: Andrew Oshrin 

Design Branch " D  

Business, Transportation and Housing Agency 

Date: August 3 1,2009 

File: 12-ORA-Rte. 9 1 
PM 9.1/15.2 (KP 14.65/24.46) 
EA-OG33 0 1 

From: DEPAIRTMENT OF TRANSPORTATION 
bistrict 12 
Materials and Research Branch 

Subject: Deflection Study Report for the Proposed ramp widening (EB Lakeview Off Ramp, 
EB Weir Canyon Off Ramp, EB Imperial HWY Off Ramp, WB Weir Canyon Off 
Ramp, WB Imperial HWY On Ramp) in the cities of Anaheim and Yorba Linda, 
Orange County, California 

The District Materials & Research (M&R) Branch has reviewed the Project Study Report (PSR) 
and the April 1 5,2009 Deflection Study Report (DSR), submitted via email on June 1 1,2009 by 
the HQ Material Engineering and Testing Services for our review and analysis for the subject 
project. The DSR included Flexible Pavement Deflection Data, Log of Cores and Photographs 
of the tested area. Deflection testing was conducted by the office of Material Engineering and 
Testing Services of HQ on April 14,2009 on the EB Lakeview Off Ramp, EB Weir Canyon Off 
Ramp, EB Imperial HWY Off Ramp, WB Weir Canyon Off Ramp, and the WB Imperial H WY 
On Ramp. 

This project proposes to add one general-pwpose (GP) lane on SR-91 eastbound (EB) from the 
SR-9 1/55 connector (PM 9.1) to east of the Weir Canyon Road Interchange (PM 15.91, and 
westbound (WB) h n i  east of Weir Canyon Road (PM 9.1) to the Imperid Highway (SR-90) 
interchange (PM 11.4). Additionally, this project would modify the WB on-ramps from the 
Lakeview Avenue interchange. 

A pavement surface distress observation made prior and after the time of deflection testing 
indicated no s i p s  of pavement distress or cracks at most location except at EB Lakeview Off 
Ramp, where alligator cracking was observed. This is apparently due to absence of base material 
beneath the Hot Mix Asphalt (HMA). The existing base material at Weir Canyon On and Off- 
Ramps and Imperial MWY On and 0 ff-Ramps consists of cement treated base (CTB) and the 
pavement is Hot Mix Asphalt (HMA). No base material was encountered at Lakeview Off- 
Ramp. Our Comments and Recommendations: 

The proceeding rehabilitation recommendations are based on the ten-year TI, type of base 
material, thickness of the existing AC, and the evaluated 801h percentile and tolerable deflection 
level in accordance with Chapter 630 of High Way Design Manual (Sixth Edition). The 



rehabilitation criteria were based on the structural adequacy restoration, reflective crack 
retardation and ride qua1 it y improvement. 

District 12 Traffic Studies Branch has provided a ten year ''1'1 ('1'1 10) of 12. Reflective crack 
retardation governs the rehabilitation recommendations. 

'The data used to dcvdop our recommendations arc presented in the following table: 

The District Materials & Research (M&H) Branch recommends the following 
rehabilitation and for the above SR- 91 On and Off Ramps HMA pavement lanes: 

Location 

EB SR-91 Lakeview 
Off-Ramp, Lane I 
EB SR-91 Weir 
Canyon Off-Ramp, 
Lane 1 
EB SR-91 lkperial 
HWY Off-Ramp, 
Lane 1 
WB SR-9d Weir 
Canyon Off-Ramp, 
Lane I 
WB SR-91 lKperial 
HWY On-Ramp, 
Lane 

EI3 Weir Canyon Off  ram^, El3 Irn~erial HWY Off Ramp. WB Weir Canyon Off Kamm, WB 
Imperial IHWY On Ramp 

Conduct a field survey and identify specific areas of heaving and depressions 
m Coldplane0.2 fioftheexistingpavement 
* Repair the localized distressed areas that have been found prior to cold planing ancl seal 

all cracks in the cold-planed surface wider than 0.2 in 
Place0.2AofMIMA-G 

a Tack coat shall be applied to the surface of the existing HMA prior to placement of 
WMA-G, and ]to other surfaces designated in the Special Provision 

1 lot Mix Asphalt 
l'hickncss, ft 

-- 
0.45 

-- 
0.5 

.- 

0.5 

0.4 

0.4 

BU Lakeview Off Ramp 

Conduct a field survey and identify specific areas of heaving and depressions (greater 
than .6 inch) and  or loose or raveling pavement 
Cold plane 0.2 ft of the existing pavement 

Average 8 ot" 
Percentile, in 

mu- 

"Calfrans Improve Mobilily Across Calijior~gia" 

Tolerable 
Deflection, in 

006 

.015 

.008 

-- -- 
.008 

.006 

.009 

.011 

,008 

.008 

.008 



Repair the localized distressed areas that have been found prior to cold planing and seal 
all cracks in the edd-planed surface wider than 0.2 in 
Place 0.2' of HMA (Type A) to compensate for the absence of base material 
Place 0.2 ft of RHMA-G over HMA 

* Tack coat shall be applied to the surface of the existing HRlA prior to placement of I-MA 
and RHMA-G, and to other surfaces designated in the Special Provision 

For further assistant, please contact Mike Awnoudeh at 949-756-4940 or Behdad Baseghi at 949- 

Prepared by: 

Materials & ~ e s e g c h  Branch 
Division of Proj ect Delivery 

Farhad IIadj ibabaie, PI3 
Materials & Research Branch 
Division of Project Delivery 
RCE No.C47566 

Chief, Materials & Research Branch 
Division of Project Delivery 
RCE No. 4705 1 ,  GE No, 23 10 

Cc: AnnTruang 
Frank Lin 
File 

"Caliram Impruv e Mobility A cross Cali$ornia'' 



State of California 

M e m o r a n d u m  
Business, Transportation and Housing Agency 

To: Andrew Oshrin 
Chief, Design Branch D 

Date Revised: January 12, 2009 

File: 12-ORA-9 1 
PM 9.2115.9 
EA 12-063300 

From: DEPARTMENT OF TRANSPORTATION 
Distr ict  12 
Materials and Research Branch Cat: 441 .01 

Subject: HMA Pavement Structural Section for shoulder for SR 91, Anaheim and Yorba Linda 

The District Materials & Research (M&R) Branch has reviewed your November 20, 2008 
Request for the HMA Structural Section Recommendation for the shoulder on SR 91 from route 
55/91 separation to route 241191 separation in Anaheim and Yorba Linda. This project proposes 
to add one general-purpose (GP) lane on SR-91 eastbound (EB) from the SR-91/55 connector 
(PM 9.2) to east of the Weir Canyon Road Interchange (PM 15.9), and westbound (WB) from 
east of Weir Canyon Road (PM 9.2) to the Imperial Highway (SR-90) interchange (PM 11.4). 
Our Comments: 

1) As requested, to minimize roadway pavement cost, Materials and Research (M&R) Branch 
has provided the following HMA structural sections in lieu of the PCC shoulder provided 
in the materials letter report dated August 7, 2008. Based on a conservative R-Value of 10 
(Type I1 Subgrade Soil) and a Traffic Index (TI) of 10, the following HMA structural 
section is recommended for the mainline shoulder: 

New Shoulder Widening TI= 10, R= 10 

1.15 ft Hot Mix Asphalt (Type A) 
0.35 A Aggregate Subbase (As-Class 2) 

2) The aggregate for Hot Mix Asphalt (HMA) shall be Type "A" and shall conform to the 
grading requirements specified in Section 39-1.02E Aggregate of the Caltrans Standard 
Specifications, July 2007. 

3) The grade of asphalt binder to be mixed with aggregate for Type "A" asphalt concrete shall 
be Grade PG 64-10 conforming to the provisions in Section 92, "Asphalts," of the Caltrans 
Standard Special Provisions (XE"92-010-A 10 12-05). 

4) A11 earthworks shall conform to the requirements of Section 19 of Caltrans May 2006 edition 
of Standard Specifications, and project Special Provisions. Compaction of soils shall be 
conducted in accordance with Section 19-5 of the Caltrans Standard Specifications. Any 

12-ORA-91. PM 9.211 5.0 
EA OG3300 

1 - 12-2009 
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temporary sloping, sheeting and shoring shall be the Contractor's responsibility. Appropriate 
measures shall be taken to prevent damage to adjacent structures and utilities. 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. 

It is imperative that special attention is given to the mix design, compaction and temperature 
requirements for flexible pavement as stated in Caltrans Standard Specifications and project 
Standard Special Provisions. For all flexible pavements, special attention must be given to 
the mix design and compaction requirements. A copy of the approved mix design (plant 
sampling/laboratory test results from approved/verified Laboratory) for AC shall be provided 
to resident engineer office prior to paving operation. A summary of all field compaction 
records (AC) shall be provided to Resident Engineer office at the conclusion of the 
construction activities and during the project closeout. We also request a copy of all field 
temperature measurements to be submitted to RE'S office at project closeout. 

6) The proportion of aggregate, amount of asphalt binder and the required Asphalt content shall 
comply with Caltrans Standard Specifications (July 2007). Spreading and compacting of the 
HMA shall comply with Section 39-1.10 of Caltrans Standard Specifications (July 2007). 

7 )  It is recommended that inspection and testing be performed at all stages as necessary per 
Caltrans Construction Manual. 

For further assistant, please contact Mike Azmoudeh at (949) 756-4940 or Behdad Baseghi, 
at (949) 724-2485 

Prepared by: Concurred by: 

Materials & Research Branch 
Division of Project Delivery 

Cc:Ann Truong, Frank Lin, File 

Behdad ~ a i e ~ h i ,  Ph.D, PE, GE, PMP 
Chief, Materials & Research Branch 
Division of Project Delivery 
RCE # 47051 

"Caltrans Inlprove Mobility Across Ca(ifornia" 



State of California 

M e m o r a n d u m  
To: Andrew Oshrin 

Chief, Design Branch D 

From: DEPARTMENT OF TRANSPORTATION 
District 12 
Materials and Research Branch 

Business, Trampoltation and Housing Agency 

Date Revised: August 30,2007 

File: 12-OM-91 
PM 9.1115.9 
EA 12-063300 

Cat: 441.01 

Subject: Pavement Structural SectionReview of Project Study Report for SR 91, Anaheim Yorba 
Linda, Orange County 

1) The District Materials & Research (M&R) Branch has reviewed your May 24, 2007 Request for 
Structural Section Recommendations and the review of the Project Study Report. This project 
proposes to add one general-purpose (GP) lane on SR-91 eastbound (EB) from the SR-91/55 
connector (PM 9.1) to east of the Weir Canyon Road Interchange (PM 15.9), and westbound 
(WB) from east of Weir Canyon Road (PM 9.1) to the Imperial Highway (SR-90) interchange 
(PM 11.4). Additionally, this project would modify the WB on-ramps from the Lakeview 
Avenue interchange. Our Comments: 

2) Project engineer shall request a Materials Report (MR) in the early stage of PS&E from the 
District Materials & Research (M&R) Branch to perform field and laboratory tests and prepare a 
Material Report (MR). The MR shall include Information such as condition of the existing 
pavement structural sections and design parameters (R-value), the soil properties (Index 
Properties, Corrosivity, Expansion Index, etc.). The native soils within the upper 4 ft of the 
finished grade shall be tested and be non-corrosive to metal and concrete and have an expansion 
index (El) of less than 50 or plasticity index of less than 12. If the subgrade soils is not meeting 
the above requirements, it shall be over-excavated and replaced with imported borrow to meet 
minimum requirements. 

3) For Cost estimating purposes during PSR and Life Cycle Cost Analysis (LCCA), Materials and 
Research (M&R) Branch recommends the following structural sections options (Alternative I and 
11) for the proposed widening based on an assumed conservative R-Value of 10 (Type I1 
Snbgrade Soil) and a Traffic Index (TI) of 15, provided by District 12 Traffic census department: 

Alternative I 

0.90 ft Jointed Plain Concrete Pavement (JPCP)/0.50 ft Lean Concrete Basel0.70ft 
Aggregate Subbase (AS-Class 2) 

Alternative II 

0.90 ft Hot Mixed Asphalt (Type A)/0.55 ft ACB (Type A)/1.70 ft Aggregate Subbase 
(As-Class 2) 

12-ORA-91, PM 9.1115.9 
EA OG3300 
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4) Any surface water due to runoffs shall be properly drained into the nearby cross-culvert and inlets 
or catch basins. The impact of a new drainage system on the existing drainage shall be considered. 

5 )  Asphalt Concrete (AC) shall be of Type A, meeting the requirement of 19-mm Max Coarse 
Grading. Follow requirements in section 39 of Caltrans Standard Specifications (May 2006) for 
Asphalt Concrete and Asphalt Concrete Base (ACB). Aggregate Subbase (AS) shall be Class 2 in 
accordance with requirements of section 26 of Caltrans Standard Specifications May 2006. 

6 )  The join between the existing pavement and the new pavement shall be sealed. A layer of prime 
coat to be applied between all bounded and unbounded layers. A layer of tack coat shall be applied 
to all vertical-cut faces and between subsequent AC lifts. 

7) For cost estimating purposes during the PSR stage, it is suggested to include the cost of field 
investigation for the preparation of a Materials Report and Laboratory testing, Hot Mixed Asphalt 
(Type A), AS (Class 2), JPCP, Dowel Bars and Tie bars as necessary. No edge drain is required for 
this project. 

8) A copy of the approved PCC Mix Design (plant sampling/laboratory test results from Southern 
Regional Laboratory) for PCC Pavement shall be provided to our office prior to paving operations. 
A summary of all field compaction records (Base, Subbase and Subgrade) and concrete strength test 
results shall be provided to our office at the conclusion of the construction activities and during the 
project closeout. 

9) It is imperative that special attention is given to the mix design, compaction and temperature 
requirements for flexible pavement as stated in Caltrans Standard Specifications and project 
Standard Special Provisions. For all flexible pavements, special attention must be given to the mix 
design and compaction requirements. Copies of the approved mix design (plant 
sampling/laboratory test results from Southern Regional Laboratory) for AC shall be provided to 
our office prior to paving operations. 

10) It is recommended that inspection and testing be performed at all stages as necessary per Caltrans 
Construction Manual. 

For further assistant, please contact Mike Azmoudeh at (949) 724-4940 or Behdad Baseghi, at (949) 724- 
2485 

Prepared by: 

Materials & Research Branch 
Division of Project Delivery 

Concurred by: 

Chief, Materials & Research Branch 
Division of Project Delivery 
RCE # 47051 

CC:Ann Truong, Frank Lin, File 

"Caltram Improve Mobrliw Across Califrnia" 



State of California       Business, Transportation and Housing Agency 
 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 

 

To: MR. ADEL MALEK       Date:      June 30, 2010 
Senior Transportation Engineer                   File: 12-LA-91 PM9.1/15.6 

 District 12, Office of Design - Branch C    12-0G3301 
Overhead Signs and Gantries 
EB and WB Route 91 

Attention: Ms. Grace Wang 
 

From: DEPARTMENT OF TRANSPORTATION 
 DIVISION OF ENGINEERING SERVICES 
 Geotechnical Services 

Office of Geotechnical Design – South 1 
 Branch C 

Subject: Foundation Report 
 

“Caltrans improves mobility across California”  
 

1.0 SCOPE OF WORK 
 
In response to the request on November 18, 2009, the Office of Geotechnical Design South 
1 has prepared this Memorandum to provide the foundation recommendations for 21 
overhead signs and four gantries on both eastbound (EB) and westbound (WB) directions 
of Route 91. This foundation report has been prepared with site-specific subsurface 
exploration as necessary for proposed overhead sign and gantry locations. 
 
2.0 PROJECT DESCRIPTION 
 
This project proposes to widen State Route 91 by one lane on eastbound direction from 
Route 55/91 Separation (PM 9.1) to east of Weir Canyon Road on-ramps (PM 15.0) , and 
on westbound direction from west of Route 91/241 Interchange (PM 15.1) to west of 
Imperial Highway on-ramps (PM 10.9).   
 
As part of the project, District 12 Traffic Design is relocating 21 overhead signs to new 
locations. Four existing double post gantry structures in the median section (Toll road area) 
will be relocated as four new double post gantry structures (two tandem gantries EB & WB 
placed at 45 feet spacing with each other). Single cast-in-drilled-hole (CIDH) pile is 
proposed at each sign foundation location. 
 
Based on the project plans, 13 overhead signs will be relocated on EB Route 91, and 8 
overhead signs will be relocated on the WB side. The foundation depth and diameter of the 
pile have been pre-selected in accordance with Standard Plan no. S8 dated May 2006 for 
the 21 cantilever overhead signs and Standard Plan no. S15 dated May 2006 for the double 
post overhead signs. The type of Structure, the relative locations, and type of foundation 
for the standard design are presented in Table No. 1.  
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Table No. 1 - General Information for Overhead Signs 

Type Location Sign No. Type of 
Foundation 

Diameter 
(Ft) 

Foundation depth 
(Ft) 

Full Cantilever 
Overhead Sign 

Rt. 67’ STA 76+50 
(“C LINE” Rte 91 2-2 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Rt. 124’ STA 85+10 
(“A LINE” Rte 91) 3-2 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Rt. 122’ STA 95+80 
(“A LINE” Rte 91) 4-1 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Rt118’ STA 140+00 
(“A LINE” Rte 91) 8-2 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Rt. 129’ STA 
162+25 

(“A LINE” Rte 91) 
10-2 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Lt.118’ STA 
165+10 

(“A LINE” Rte 91) 
10-3 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Rt. 138’ STA 
176+85 

 (“A LINE” Rte 91) 
12-1 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Lt.116’ STA 
205+15 

(“A LINE” Rte 91) 
15-1 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Rt.122’ STA 
219+80 

(“A LINE” Rte 91) 
16-1 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Lt.145’ STA 
218+10 

(“A LINE” R 91) 
16-2 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Rt.118’ STA 
252+10 

(“A LINE” Rte 91) 
19-2 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Lt.110’STA 266+60 
(“A LINE” R 91) 20-1 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Rt.115’ STA 
278+00 

(“A LINE” Rte 91) 
21-1 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Rt.78 ’STA 290+70 
(“D LINE” Rte 91) 22-1 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Rt.76’ STA 315+40 
(“D LINE” Rte 91) 24-1 CIDH 

PILE 
5.0 25.0 

Full Cantilever 
Overhead Sign 

Lt.86’ STA 266+60 
(“E LINE” Rte 91) 24-2 CIDH 

PILE 
5.0 25.0 
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Table No. 1 Continued 

Type Location Sign No. Type of 
Foundation 

Diameter 
(Ft) 

Foundation depth 
(Ft) 

Full Cantilever 
Overhead Sign 

Rt.80’STA 325+10 
(“D LINE” Rte 91) 25-1 CIDH 

PILE 5.0  25.0 

Full Cantilever 
Overhead Sign 

Lt.95’STA 336+50 
(“E LINE” Rte 91) 25-3 CIDH 

PILE 5.0 25.0 

Full Cantilever 
Overhead Sign 

Lt.96’STA 358+00 
(“E LINE” Rte 91) 28-4 CIDH 

PILE 5.0 25.0 

Full Cantilever 
Overhead Sign 

Lt.75’STA 375+10 
(“E LINE” Rte 91) 29-1 CIDH 

PILE 5.0 25.0 

29-6A CIDH 
PILE 5.0 27.83  

Two Posts 

Rt 93 ’(29-6A) and 
Lt. 63’ (29-6B) 
STA 368+00 

(“D LINE” Rte 91) 29-6B CIDH 
PILE 5.0 27.83  

• The station is estimated roughly based on the project plan.  
• CL = Centerline, Lt =Left,  Rt = Right 
 
The four new proposed gantries would be special design because each proposed span is 
46.5 feet (more than the standard 40 feet clear span).  Table No. 2 represents general 
information for the gantry structures in Toll road area.  
 

Table No. 2 - General Information for Gantry Structures 
Type Location Sign No. Type of 

Foundation 
Diameter 

(Ft) 

Full Cantilever 
Overhead Sign 

Lt.62.0’ STA 348+60 
(“D LINE” Rte 91) 28-1 CIDH 

PILE 6.0  

Full Cantilever 
Overhead Sign 

Lt.62’STA 349+05 
(“D LINE” Rte 91) 28-2 CIDH 

PILE 6.0  

Full Cantilever 
Overhead Sign 

Rt.5.0 ’STA 364+60 
(“E LINE” Rte 91) 29-4 CIDH 

PILE 6.0  

Full Cantilever 
Overhead Sign 

Rt.5.0’STA 365+05 
(“E LINE” Rte 91) 29-3 CIDH 

PILE 6.0  

o The station is estimated roughly based on the project plan.  
o Lt =Left,  Rt = Right 
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3.0  FIELD INVESTIGATION AND TESTING PROGRAM 
 
Cone Penetration Tests (CPT) were done at 12 locations and Standard Penetration Tests 
(SPT) were done at 16 locations.  The subsurface explorations were conducted on February 
2 to 9, and March 2 to17, 2010, to determine the subsurface conditions. Two additional 
SPT subsurface explorations were conducted on April 23 and May 11, 2010 for two 
additional sign locations. 
 
The Cone Penetration Tests were conducted using a 20-ton capacity cone with tip area of 
10 cm2 a friction sleeve of 150 cm2. CPT technology uses a combination of tip resistance 
and sidewall friction that are generated and digitally recorded as the cone tipped probe is 
advanced to a constant velocity in the ground. Soil lithology is inferred based on the ratio 
between tip resistance and sidewall friction.  During the CPT soundings, pore pressure 
dissipation tests were recorded in selected CPT locations to identify the water table and/or 
piezometric surface. In addition seismic cone penetration tests were conducted in selected 
CPT locations to measure the compression and shear wave velocities. 
 
Hollow stem auger borings (6.5” OD) were conducted at 13 locations and two mud rotary 
borings (3.7” wireline with 4.25-inch drill bit diameter) were conducted.  Caltrans drill rig 
model CS-2000 was used. Standard Penetration Test (SPT) was conducted and N values 
were recorded at intervals of 5 feet during drilling and samples were collected for lab tests.   
 
At four gantry locations Standard Penetration Test (SPT) subsurface explorations have 
been conducted on March 9 to 11, 2010 to determine the nature and sequence of subsurface 
strata. The SPT included 4 hollow stem auger borings (6.5” OD). Caltrans drill rig model 
CS-2000 was used. SPT was conducted and N values were recorded at intervals of 5 feet 
during drilling and samples were collected for lab tests.  The SPT was performed in 
accordance with ASTM Test Method D1586-84 using a standard 1.4” I.D. split spoon 
sampler with a 140-lb automatic hammer dropped 30”.  
 
A summary of borings is presented in Table No. 3. District 12 Surveys Branch provided 
surface elevations, stations, and offsets of the boring locations.  Log of Test Borings  
(LOTB’s) are being prepared by the Office of Geotechnical Support and will be submitted 
to your office upon completion. 
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TABLE No. 3 - Summary of Borings and CPT 
Boring No. Date 

Drilled 
Station Offset (ft) Surface 

Elevation 
(ft) 

 
Reference Line 

Rte 91 

Total Depth 
(ft) 

GWT 
(ft) 

Elev 
SIGN NO. 

CPT-10-02 02/02/10     95+80.00 122 322.29 “A LINE”  43.0 NA 4-1 
CPT-10-03 02/02/10 140+00.00 118 284.00 “A LINE”  49.2 NA 8-2 
CPT-10-04 02/02/10 162+25.00 120 284.00 “A LINE”  35.4 259 10-2 
CPT-10-05 02/08/10 176+85.00 137 297.00 “A LINE”  46 266.7 12-1 
CPT-10-06 02/02/10 219+80.00 122 292.6 “A LINE”  43 270.6 16-1 

CPT-10-08 02/03/10 252+10.00 118 308.8 “A LINE”  31 289.3 19-2 
CPT-10-09 02/03/10 278+00.00 115 311.329 “A LINE”  36.9 NA 21-1 
CPT-10-10 02/03/10 290+70.00 79.5 318.5 “D LINE”  47 300.9 22-1 
CPT-10-13 02/04/10 375+10.00 -90.0 401.1 “E LINE”  24 NA 29-1 
CPT-10-15 02/04/10 336+50.00 -90.0 384.0 “E LINE”  46 345.7 25-3 
CPT-10-16 02/09/10 312+10.00 -86.0 359.6 “E LINE”  50 321.4 24-2 
CPT-10-17 02/09/10 266+60.00 -110.0 307.9 “E LINE”  24 294.0 20-1 
A-10-001 03/02/10 76+50.00 67.0 330 “C LINE” 51.3 NA 2-2 

R-10-002 05/11/10 85+10.00 124.0 330 “A LINE” 46.5 NA 3-2 

R-10-005 03/17/10 165+10.00 -118 280 “A LINE” 46.5 265.0 10.3 

A-10-007 03/17/10 205+15.00 -116 290 “A LINE” 47.5 279.5 15-1 

A-10-008A 03/23/10 218+10.00 -145 289 “A LINE” 51.5 273.0 16-2 

A-10-009 03/16/10 266+60.00 -86 307.8 “E LINE” 51.5 256.3 20-1 

A-10-011 03/03/10 315+40.00 76 372 “D LINE” 30 NA 24-1 

A-10-012 03/03/10 325+10.00 99 382.6 “D LINE” 36.5 NA 25-1 

A-10-014 03/03/10 252+10.00 110 302 “A LINE” 41.5 282.5 19-2 

A-10-015 03/09/10 348+60.00 -62 412 “D LINE” 45.4 NA 28-1 

A-10-016 03/10/10 349+05.00 -62 412 “D LINE” 35.2 NA 28-2 

A-10-017 03/04/10 368+00.00 93 420 “D LINE” 44.3 NA 29-6 

A-10-018 03/10/10 368+00.00 -63 420 “D LINE” 50.8 NA 29-6 

A-10-020 03/08/10 365+05.00 5 412 “E LINE” 45.3 NA 29-3 

A-10-021 03/09/10 364+60.00 5 412 “E LINE” 46.1 NA 29-4 

A-10-022 03/02/10 358+00.00 -96 420 “E LINE” 46.5 NA 28-4 

A-10-015 03/09/10 348+60.00 -62 412 “D LINE” 45.4 NA 28-1 

A-10-016 03/10/10 349+05.00 -62 412 “D LINE” 35.2 NA 28-2 

A-10-020 03/08/10 365+05.00 5 412 “E LINE” 45.3 NA 29-3 

A-10-021 03/09/10 364+60.00 5 412 “E LINE” 46.1 NA 29-4 
Note: GWT= Ground Water Table; NA= No GWT Measured. 
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4.0 LABORATORY TESTING PROGRAM 
 
During the boring investigation, corrosion samples for each boring were combined from 
various depths and sent to laboratory for site corrosion test. Caltrans considers a site to be 
corrosive to foundation elements if one or more of the following conditions exist for the 
representative soil and/or water samples: Chloride concentration is greater than or equal to 
500 ppm, sulfate concentration is greater than or equal to 2000 ppm, or the pH is 5.5 or less 
(Corrosion Guidelines, 2003).  
 
Based on the test results Table No. 4 depicts the average combined depths of non-corrosive 
sites where as Table No. 5 summarizes boring locations, which are found to be corrosive. 
 
The durability of concrete may be adversely affected by contact with sulfates in soil. Based 
on boring no. A-10-022 on Table No. 5 - Summary of Corrosion Test Results, for Sign No 
28-4, Type II modified type of cement shall be used (Refer to Table 8.22.2 of Bridge 
Design Specifications (BDS) dated September 2003.  For corrosion recommendations 
Caltrans Corrosion Branch shall be contacted. 
 

Table No. 4 - Summary of Non-Corrosion Test Results 
Minimum 
Resistivity 

Sulfate 
Content Chloride Content  

Boring ID Sample Depth (ft) pH 
(ohm-cm) (ppm) (ppm) 

A-10-001 Combined Sample 7.45 1500 NA NA 

A-10-011 Combined Sample 7.54 2250 NA NA 

A-10-012 Combined Sample 7.62 9633 NA NA 

A-10-014 Combined Sample 8.18 5875 NA NA 

A-10-015 Combined Sample 7.47 1700 NA NA 

A-10-017 Combined Sample 7.46 1600 NA NA 

A-10-021 20.0-21.5 7.09 880 186 3 

A-10-016 Combined Sample 7.46 1600 NA NA 

Table No. 5 - Summary of Corrosion Test Results 

Boring ID Sample Depth (ft) pH 
Minimum 
Resistivity 
(ohm-cm) 

Sulfate 
Content 
(ppm) 

Chloride Content 
(ppm) 

A-10-022 15.0-16.5 6.40 640 627 182 

A-10-022 30.0-31.5 5.80 590 3266 373 

A-10-022 40.0-41.5 5.84 650 5341 276 
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5.0 SITE GEOLOGY AND SUBSURFACE CONDITIONS 
 
The project site is located at the northwest edge of the Peninsular Ranges Province, 
adjacent to the northern foot of the Santa Ana Mountains.  The Santa Ana River is adjacent 
to the westbound 91 freeway throughout most of the project limits.  The nearest faults to 
the site are the Peralta Hills Fault 2.3 miles to the south and the Whittier-Elsinore Fault 2.4 
miles to the northeast (distances were measured from the center of the project at PM 12.5). 

 
The project is underlain by alluvium most likely deposited within the floodplain of the 
Santa Ana River and from the north side of the Santa Ana Mountains. Based on the 
subsurface exploration conducted during this investigation, the eastern end of the project 
site, east of Imperial Hwy is underlain by dense to very dense silty sand with varying 
amount of gravel occasional cobbles and possible boulders up to the maximum depth of 
51.5-feet below ground surface (bgs). The western end of the project on east bound 91, 
from Route 55/ 91 Interchange to the intersection of Imperial Hwy and Route 91 is 
underlain with lean clay with sand and silt and occasional gravel, with clay decreasing in 
thickness toward the east. The maximum depth to the lean clay with sand is approximately 
35-feet (bgs) near the intersection of Imperial hwy and Route 91. Below 35 feet depth, 
dense to very dense sand with varying amount of gravel and occasional cobbles and 
boulders were encountered. Log of Test Boring (LOTB) will be prepared for each overhead 
sign structure at a later date. 
 
Groundwater elevation varies throughout the SR-91 project area. Table No. 6 shows 
groundwater information obtained from CPT tests and SPT tests conducted on February 2 
to 9, March 2 to17, April 23 and May 11, 2010.   

TABLE No. 6 – Groundwater Information 
Boring No. Date 

Drilled 
Station Offset (ft) Surface 

Elevation 
(ft) 

 
Reference Line 

Total Depth 
(ft) 

GWT 
(ft) 

Elev. 
SIGN NO. 

CPT-10-04 02/02/10 162+25.00 120 284.0 “A LINE” R 91 35.4 259.0 10-2 
CPT-10-05 02/08/10 176+85.00 137 297.0 “A LINE” R 91 46.0 266.7 12-1 
CPT-10-06 02/02/10 219+80.00 122 292.6 “A LINE” R 91 43.0 270.6 16-1 

CPT-10-08 02/03/10 252+10.00 118 308.8 “A LINE” R 91 31.0 289.3 19-2 
CPT-10-10 02/03/10 290+70.00 79.5 318.5 “D LINE” R 91 47.0 300.9 22-1 
CPT-10-15 02/04/10 336+50.00 -90.0 384.0 “E LINE” R 91 46.0 345.7 25-3 
CPT-10-16 02/09/10 312+10.00 -86.0 359.6 “E LINE” R 91 50.0 321.4 24-2 
CPT-10-17 02/09/10 266+60.00 -110.0 307.9 “E LINE” R 91 24.0 294.0 20-1 
R-10-005 03/17/10 165+10.00 -118 280.0 “A LINE” R 91 46.5 265.0 10.3 

A-10-007 03/17/10 205+15.00 -116 290 “A LINE” R 91 47.5 279.5 15-1 

A-10-008A 03/23/10 218+10.00 -145 289 “A LINE” R 91 51.5 273.0 16-2 

A-10-009 03/16/10 266+60.00 -86 307.8 “E LINE” R 91 51.5 293.94 20-1 

A-10-014 03/03/10 252+10.00 110 302 “A LINE” R 91 41.5 282.5 19-2 
Note: GWT= Groundwater Table; BGS = Below Ground Surface;  
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The information above does not preclude the occurrence of perched groundwater at the 
site.  Locally thin clay lenses may be present that may cause temporary perched water 
conditions however due to the predominantly sandy nature of the soils found during this 
investigation the chances of perched water being encountered during construction is 
considered to be very low.  

 
6.0 SEISMIC RECOMMENDATIONS 
 
No active faults have been mapped within the project limits.  Therefore, seismic hazard 
potential associated with ground surface rupture due to fault movements during 
earthquakes is considered low at this site. The closest active fault pursuant to the Alquist-
Priolo Earthquake Fault Zoning Act (APEFZA) is the Whittier-Elsinore Fault (California 
Geologic Survey, 2002).  A segment of the fault has been zoned as active under APEFZA 
approximately 2.4 miles northeast of the project site.  
 

Table No. 7 - Summary of Seismic Parameters 

Fault Type of Faulting MMax 
Distance 
(miles) 

Direction 
to fault PGA 

Whittier-Elsinore Fault RLSS 7.5 2.4 NE 0.50g 

Peralta Hills Fault R 6.2 2.3 S 0.50g 

 
Liquefaction is defined as the phenomenon in a soil mass, because of the development of 
excess pore pressures, soil mass suffers a substantial reduction in its shear strength. During 
earthquake, excess pore pressures in saturated soil deposits may develop as a result of 
induced cyclic shear stresses, resulting in liquefaction. The previous and current drilling 
records indicate shallow groundwater at some of the overhead sign locations.  We also 
found high SPT blow count number in granular material or medium stiff to stiff silty clay 
to lean clay materials on these locations where shallow groundwater was encountered. The 
likelihood for the soil liquefaction on this project is low. 
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7.0 FOUNDATION RECOMMENDATIONS 
 
In order to verify that the foundation depth is sufficient to support the proposed standard 
overhead signs and non-standard gantry structures, the vertical and lateral capacity of pile 
were analyzed. Service level loads at the top of pile for these signs were estimated and 
provided by Mr. K C Liu as listed in table No. 8 for standard Overhead sign  

Table No. 8 – Service level load & Maximum allowable pile deflection 

Type 
 

Sign No. Axial Force 
(Kips) 

Shear Force 
(Kips) 

Bending Moment 
(Kips-ft) 

Maximum allowable 
Pile-head deflection 

(inch) 
Full Cantilever 
Overhead Sign 2-2 23.8 14.9 458 0.25 

Full Cantilever 
Overhead Sign 3-2 23.5 14.9 441.0 0.25 

Full Cantilever 
Overhead Sign 4-1 23.4 14.8 437.0 0.25 

Full Cantilever 
Overhead Sign 8-2 24.3 15.1 481.0 0.25 

Full Cantilever 
Overhead Sign 10-2 24.2 15.0 476 0.25 

Full Cantilever 
Overhead Sign 10-3 23.7 14.9 450 0.25 

Full Cantilever 
Overhead Sign 12-1 24.1 16.3 497 0.25 

Full Cantilever 
Overhead Sign 15-1 24.6 16.4 524 0.25 

Full Cantilever 
Overhead Sign 16-1 24.5 17.7 548 0.25 

Full Cantilever 
Overhead Sign 16-4 23.8 14.9 454 0.25 

Full Cantilever 
Overhead Sign 19-2 25.1 17.7 560 0.25 

Full Cantilever 
Overhead Sign 20-1 23.8 14.9 458 0.25 

Full Cantilever 
Overhead Sign 21-1 23.5 12.2 398 0.25 

Full Cantilever 
Overhead Sign 22-1 23.9 13.7 439 0.25 

Full Cantilever 
Overhead Sign 24-1 24.1 17.7 521 0.25 

Full Cantilever 
Overhead Sign 24-2 20.6 10.2 339 0.25 

Full Cantilever 
Overhead Sign 25-1 23.9 17.7 508 0.25 

Full Cantilever 
Overhead Sign 25-3 24.1 16.3 497 0.25 
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Table No. 8 - Continued 

Type 
 

Sign No. Axial Force 
(Kips) 

Shear Force 
(Kips) 

Bending Moment 
(Kips-ft) 

Maximum allowable 
Pile-head deflection 

(inch) 
Full Cantilever 
Overhead Sign 28-4 22.8 15.6 450 0.25 

Full Cantilever 
Overhead Sign 29-1 23.8 16.9 507 0.25 

Two Post 
Overhead Sign  29-6 32.6 17.8 675 0.25 

Gantry Structure 28-1 24.6 19.6 612 0.25 

Gantry Structure 28-2 24.6 19.6 612 0.25 

Gantry Structure 29-3 24.6 19.6 612 0.25 

Gantry Structure 29-4 24.6 19.6 612 0.25 

 
The computer software of Shaft 5.0 and LPILE 5.0 plus were employed to estimate the 
vertical and lateral capacity of CIDH piles for standard overhead sign and non-standard 
gantry structures. The properties of subsurface material at the location of pile were 
correlated with blow counts.  
 
Based on the results of analysis, the pre-selected pile depth for the Standard OH sign in 
accordance with Standard Plans no. S8, dated May 2006, is sufficient to support the 
proposed sign without exceeding the maximum allowable pile-head deflection. The 
specified pile tip elevations are provided in Table 9. 
 
Based on the results of analysis for non-standard gantry structures, the specified tip 
elevations are provided in Table No. 10.  
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Table No. 9 -  Pile Data for Standard OH Sign Structure 
Design Service 

Load (Kips) 
Nominal 

Resistance (Kips) Sign 
No. 

Surface 
Elev. 

Pile 
Diameter 

/ Pile 
Type Comp. Tension Comp. Tension 

Approximate 
Pile Cutoff 
Elev. (ft) 

Design Tip Elev. (ft) 
Specified 
Tip Elev. 

(ft) 

2-2 330.0 5.0’/CIDH 23.5 0 49 0 328.0 321.0 (a) 303.0 (d) 303.0 

3-2 330.0 5.0’/CIDH 23.7 0 48 0 328.0 321.0 (a) 303.0 (d) 303.0 

4-1 322.3 5.0’/CIDH 23.4 0 48 0 320.3 313.3 (a) 295.3 (d) 295.3 

8-2 284.0 5.0’/CIDH 24.3 0 49 0 282.0 275.0 (a) 257.0(d) 257.0 

10-2 284.0 5.0’/CIDH 24.2 0 48 0 282.0 275.0 (a)  257.0 (d) 257.0 

10-3 280.0 5.0’/CIDH 23.7 0 48 0 278.0 271.0 (a) 253.0 (d) 253.0 

12-1 297.0 5.0’/CIDH 24.1 0 48 0 295.0 288.0 (a) 270.0 (d) 270.0 

15-1 290.0 5.0’/CIDH 24.6 0 49 0 288.0 281.0 (a) 263.0 (d) 263.0 

16-1 122.0 5.0’/CIDH 24.5 0 49 0 120.0 113.0 (a) 95.0 (d) 95.0 

16-4 289.0 5.0’/CIDH 23.8 0 48 0 287.0 280.0 (a) 262.0 (d) 262.0 

19-2 308.8 5.0’/CIDH 25.1 0 50 0 306.8 299.8 (a) 281.8 (d) 281.8 

20-1 307.9 5.0’/CIDH 23.8 0 48 0 305.9 298.9 (a) 280.9 (d) 280.9 

21-1 311.3 5.0’/CIDH 23.5 0 48 0 309.3 302.3 (a) 284.3 (d) 284.3 

22-1 318.5 5.0’/CIDH 23.9 0 48 0 316.5 309.5 (a) 291.3 (d) 291.3 

24-1 372.0 5.0’/CIDH 24.1 0 48 0 370.0 363.0 (a) 245.0 (d) 245.0 

24-2 359.6 5.0’/CIDH 24.2 0 49 0 357.6 350.6 (a) 332.6 (d) 332.6 

25-1 382.6 5.0’/CIDH 23.9 0 48 0 380.6 373.6 (a) 355.6 (d) 355.6 

25-3 384.0 5.0’/CIDH 24.1 0 48 0 382.0 375.0 (a) 357.0 (d) 357.0 

28-4 420.0 5.0’/CIDH 22.8 0 45 0 418.0 411.0 (a) 393.0 (d) 393.0 

29-6a 420.0 5.0’/CIDH 32.6 0 66 0 418.0 411.0 (a) 390.2 (d) 390.2 

29-6b 420.0 5.0’/CIDH 32.6 0 66 0 418.0 411.0 (a) 390.2 (d) 390.2 

29-1 401.1 5.0’/CIDH 23.8 0 48 0 399.1 392.1 (a) 374.1 (d) 374.1 

Notes: 1. Design Pile Tip Elevations are controlled by the following demands: (a) Compression (d) Lateral Loads. 
 2. The CIDH Specified Tip elevation shall not be raised.              
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Table No. 10 – Foundation Recommendations for Non-Standard Gantry Structures 
Design Service Load 

(Kips) 
Nominal 

Resistance (Kips) Sign 
No. 

Surface 
Elev. 

Pile Diameter / 
Pile Type 

Comp. Tension Comp. Tension 

Approximate 
Pile Cutoff 
Elev. (ft) 

Design Tip 
Elev. (ft) 

Specified 
Tip Elev. 

(ft) 

28-1 412.0 6.0’/CIDH 24.6 0 50 0 410.0 402.0 
(a) 

380.0 
(b) 380.0 

28-2 412.0 6.0’/CIDH 24.6 0 50 0 410.0 402.0 
(a) 

380.0 
(b) 380.0 

29-3 412.0 6.0’/CIDH 24.6 0 50 0 410.0 402.0 
(a) 

380.0 
(b) 380.0 

29-4 412.0 6.0’/CIDH 24.6 0 50 0 410.0 402.0 
(a) 

380.0 
(b) 380.0 

Notes: 1. Design Pile Tip Elevations are controlled by the following demands: (a) Compression (b) Lateral Loads. 
2. The CIDH Specified Tip elevation shall not be raised. 

 
 
8.0 CONSTRUCTION CONSIDERATOINS 
 
1. Hard drilling and possible caving should be expected. The subsurface materials are  

loose to very dense, well-graded sand with gravel with occasional cobbles.  It will be 
necessary for the contractor to utilize a stabilizing method, such as temporary casing, to 
keep the holes open during construction. The placement of rebar cages and pouring 
concrete shall be the same day as holes are excavated.  Holes shall not be allowed to 
remain open more than 24 hours. 

 
2. CIDH piles must be at least 24-inches in diameter and designed to accommodate the 

construction techniques associated with piles in wet holes when shallow ground water is 
to be expected. During construction of pile borings for sign nos. 10-2, 12-1, 16-1, 19-2, 
22-1, 25-3, 24-2, 20-1, 10-3, 15-1, 16-2, 20-1, 19-2 shallow ground water table will be 
encountered. Contractor may use appropriate construction method to mitigate 
groundwater condition and caving. Wet construction or other dewatering methods shall 
be considered.  Prior to construction, the contractor should submit drawings for methods 
used to construct piles in wet holes for the engineer’s approval. PVC inspection pipes 
are to be installed for gamma-gamma and Cross-hole Sonic Logging (CSL). 

 
3. CIDH piles over 20 feet in depth and 30 inches in diameter; Cal-OSHA Mining and 

Tunneling Safety Orders apply. Construction Procedure Directive CPD 04-6 addresses 
this and is included in Appendix B of. Structure Construction Technical Manuals. 

 
 The recommendations contained in this report are based on specific project information 
that has been provided by the District 12 Traffic Design. If any conceptual changes are 
made, the office of Geotechnical Design South-1 should be contacted. 
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If you have any questions, please contact Amare Tsegie at (213) 620-2133 or Ted Liu at (213) 
620-2136. 
 
Prepared by:  Date: June 30, 2010  Reviewed by:  Date: June 30, 2010 
 
 
 
Amare Tsegie, P.E.                                       Chi-Tseng Ted Liu, Ph.D., P.E., G.E. 
Transportation Engineer    Senior Transportation Engineer 
Office of Geotechnical Design South 1  Office of Geotechnical Design South 1 
Branch C      Branch C 
 
 
 
 
 
 
 
 
 
Prepared by:  Date: June 30, 2010 
 
 
 
 
Christopher R. Harris, C.E.G. 
Engineering Geologist 
Office of Geotechnical Design South 1 
Branch C 
 
 
 
 
 
 
 
 
 
 
c.c. OGDS-1- LA Electronic File  

OGDS-1- Sacramento Electronic File  
GS File- Sacramento Electronic File 
Special Design Branch – Jeff Woody, KC Liu 
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Amare Tsegie
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6-30-11

PROFILE

380

370

360

390

400

410

380

370

360

390

400

410

350+00

Horiz: 1" = 10’

Vert:  1" = 10’

17 1.4

 9 1.4

14 1.4

16 1.4

37 1.4

REF 1.4

8"

A-10-021

 7 1.4

10 1.4

16 1.4

44 1.4

 8 1.4

364+00 365+00

PP=2.5 to 3 tsf

PP=3.5 tsf

Well-graded SAND with GRAVEL (SW); very dense; orange brown; moist; 

coarse to fine GRAVEL
80/8 1.4

ASPHALT.

CLAYEY SAND (SC); light brown; moist.

ASPHALT.

PP=2.5 tsf

PP=3.0 tsf

SILTY SAND (SM); medium dense; light brown; moist; fine SAND.

8"

A-10-020

PP=4 tsf

CLAYEY SAND with GRAVEL (SC); medium dense;nlight brown; moist; little fine 

GRAVEL; low plasticity fines.

-very stiff; PP=3.25 tsf.

PP= 4 tsf

Well-graded SAND with GRAVEL (SW); dense; orange brown; moist; little fine GRAVEL.

CLAYEY SAND with GRAVEL (SC); very dense; orange brown; wet; some fine, subangular 

to subrounded GRAVEL.

Lean CLAY with SAND (CL); soft to medium stiff; light to orange brown; 

moist; medium plasticity fines; PP=0.5 to 1 tsf.

CLAYEY SAND with GRAVEL (SC); loose; orange brown; moist; little fine 

GRAVEL; fine SAND.

Lean CLAY with SAND (CL); very stiff; olive brown to dark gray; moist; 

fine SAND; medium plasticity fines; PP=2.5 tsf.

Poorly graded SAND with GRAVEL (SP); loose; orange brown; moist; little

fine GRAVEL; medium to fine SAND.

-dense.

iER = 97%
iER = 97%

FOR PLAN VIEW, SEE

"LOG OF TEST BORINGS 1 OF 4"
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2 OF 4

 I.G-Remmen, 9/11

414.2’

M CR PI PA

413.7’

M CR PI PA

M CR PI PA

14 1.4

3-9-10

Terminated at Elev 368.0’

SANDY SILT (ML); estimated soft to medium stiff; olive brown; moist; 

nonplastic to low plasticity fines.

3-9-10

Terminated at Elev 368.4’

SANDY lean CLAY with GRAVEL (CL); medium stiff to stiff; light brown; moist; 

little fine GRAVEL; medium plasticity fines.PP=0.75 to 1.75 tsf.

14.7

09-28-10

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

10-18-10

NOTE: Ground water encountered but

      not measured in Boring A-10-020.

      Ground water not measured in 

      Boring A-10-021.

10-21-10



STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING

SHEET OF

U
S

E
R

N
A

M
E

 =
>

s
1

2
2

5
D

A
T

E
 P

L
O

T
T

E
D

 =
>

2
1
-
O

C
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
3
:
4
6

                                                                                       

REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

         

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

gantry-sFILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

gantry-sFILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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PROFILEiER = 

A-10-001330

320

310

300

290

280

330

320

310

300

290

28052 1.4

12 1.4

12 1.4

 3 1.4

ASPHALT.

Lean CLAY (CL); very stiff; grayish brown; moist.

 7 1.4

75+00

270270

-PP=2.25 tsf.

"B" Line

 To Riverside
"C" Line

 To Los Angeles

-stiff; PP=1.25 tsf.

CLAYEY SAND with GRAVEL (SC); medium dense; light brown; moist.

Fat CLAY (CH); very stiff; olive gray; moist; high plasticity fines; PP=3.25 tsf.

Lean to fat CLAY with SAND (CL/CH); hard; olive gray; moist; medium plasticity 

fines; interbedded SAND.

NOTE: Ground water not encountered.
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DESIGN BRANCH   LOG OF TEST BORINGS
POST MILES

FOR REDUCED PLANS
0 1 2 3

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

ORIGINAL SCALE IN INCHES

FIELD INVESTIGATION BY:

12

FILE => sign02-2

OGS GEOLOGIST LOG OF TEST BORINGS SHEET 

K. Lai, M. IslamChi-Tseng Liu F. Gerami

0G3301

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

 I.G-Remmen, 8/10
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76+00

SIGN NO. 2-2 (OVERHEAD SIGN)

2
3 4

75 6 7 8

2 3 4 75 6 7 8

9 80 1 2

N89^47’35.07"E

"A" Line    Rte 91

A-10-001

8"

8"

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

PLAN

1" = 100’

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

"B" 78+99.5

=54.2 Lt "A" 79+00.0

"C" 78+98.2

=53.8’ Rt "A" 79+00.0

327.1’

9
7

.
6

’
 
R

t
 
S

t
a
 
7

6
+

5
0

.
0

"
C

"
 L

in
e

CLAYEY SAND (SC); very loose; light gray; moist; lenses of CLAY; PP=1.5 tsf.

-brown; moist; medium plasticity fines.

Poorly graded SAND (SP); very dense; light brown; moist; some rock fragments.

SILTY SAND with GRAVEL (SM); very dense; light brown; moist; medium to fine 

SAND; some rock fragments.

M CR PA PI

M CR PA PI

M CR PA PI

3-2-10

Terminated at Elev 275.8’

REF 1.4

9.1

09-29-10

97%

Horiz: 1" = 10’

Vert:  1" = 10’

10-18-10

1 OF 3

10-21-10
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign02-2FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign02-2FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS
POST MILES

FOR REDUCED PLANS
0 1 2 3

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

ORIGINAL SCALE IN INCHES

FIELD INVESTIGATION BY:

12

FILE => sign03-2

PLAN

PROFILE

OGS GEOLOGIST LOG OF TEST BORINGS SHEET 

K. Lai, M. IslamChi-Tseng Liu

320

310

300

290

280

320

310

300

290

280

85+00

iER = 

R-10-002

19 1.4

13 1.4

10 1.4

60 1.4

50/2 1.4

50/2 1.4

270270

93%

3.8

þÿ�N� �6�3�°�3

90

1 2 3 4 6 7 8

1
2

3

4

85

9

ROUTE 91

80

B
C

 +
1

8
.1

8

1" = 100’

3.8

R-10-002

 To Los Angeles

 To Riverside

"A" Line

NOTE: Ground water not measured.

Horiz: 1" = 10’

Vert:  1" = 10’

86+00

CLAYEY SAND; (SC); medium dense; brown; moist.

-stiff; PP=1 to 1.5 tsf.

Well-graded SAND with GRAVEL (SW); very dense; yellowish brown; moist.

SANDY lean CLAY (CL); soft to very soft; brown; fine: PP=0 to 0.5 tsf.

Well-graded SAND with GRAVEL (SW); very dense; yellowish brown; moist; little 

GRAVEL (SANDSTONE fragments) up to 1.5".

F. Gerami

0G3301

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

 I.G-Remmen, 8/10
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SIGN NO. 3-2 (OVERHEAD SIGN)

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

318.5’

1
0

0
.
4

’
 
R

t
 
S

t
a
 
8

5
+

1
0

.
0

"
A

"
 L

i
n
e
  
R

t
e
 9

1

5-11-10

Terminated at Elev 272.0’

-fresh and decomposed granitic rock fragments (possibly BOULDERS).

9.3

09-29-10

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

SANDY lean CLAY (CL); medium stiff; brown to dark grayish brown; medium 

plasticity;  PP=0.5 to 1 tsf.

10-18-10

1 OF 3

10-21-10
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

         

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign03-2FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign03-2FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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FOR REDUCED PLANS
0 1 2 3

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

ORIGINAL SCALE IN INCHES

FIELD INVESTIGATION BY:

12

FILE => sign04-1

        

PROFILE

OGS GEOLOGIST LOG OF TEST BORINGS SHEET 

K. Lai, M. IslamChi-Tseng Liu

320

310

300

290

280

320

310

300

290

280

270270

ROUTE 91

 To Riverside

"A" Line

NOTE: Ground water not measured.

Horiz: 1" = 10’

Vert:  1" = 10’

F. Gerami

0G3301

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

 I.G-Remmen, 8/10
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CPT-10-102

 To Los Angeles

PLAN

1" = 100’

SIGN NO. 4-1 (OVERHEAD SIGN)

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

322.7’

Terminated at Elev 278.7’

9.51

09-29-10
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign04-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign04-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and

                   

             

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE
No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E
D

P
R O F E S S I O N

A

L

E
N

G
I

N

E
E

R

S

T
A

TE
OF C AL IFORN

IA

REGISTERED CIVIL ENGINEER

NoTOTAL PROJECT SHEETS

POST MILES

The State of California or its officers or agents

completeness of electronic copies of this plan sheet.

shall not be responsible for the accuracy or

12 Ora 91

Amare Tsegie

C67529

6-30-11

12

0G3301

I. G-Remmen, 9/10

                         

3 OF 3

SIGN NO. 4-1 (OVERHEAD SIGN)

9.51

10-21-10



STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING

SHEET OF

U
S

E
R

N
A

M
E

 =
>

s
1

2
2

5
D

A
T

E
 P

L
O

T
T

E
D

 =
>

2
1
-
O

C
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
3
:
4
8

                                                                       

REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS
POST MILES

FOR REDUCED PLANS
0 1 2 3

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

ORIGINAL SCALE IN INCHES

FIELD INVESTIGATION BY:

12

FILE => sign08-2

        

PLAN
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OGS GEOLOGIST LOG OF TEST BORINGS SHEET 

K. Lai, M. IslamChi-Tseng Liu

ROUTE 91

1" = 100’

"A" Line

NOTE: Ground water not measured.

Horiz: 1" = 10’

Vert:  1" = 10’

F. Gerami 1 OF  3
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Friction Ratio (%) Tip Bearing (tsf)

2-2-10
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7
8 9 140 1 2

3
4

145
6

 To Riverside

 To Los Angeles

CPT-10-103

CPT-10-103

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

SIGN NO. 8-2 (OVERHEAD SIGN)
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This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

Terminated at Elev 230.6’

10.3

09-29-10

10-21-10
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

         

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign08-2FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign08-2FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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 To Riverside

100 200 300 400 5000246810

Friction Ratio (%) Tip Bearing (tsf)

2-2-10

iER = 

R-10-005

14 1.4

12 1.4

16 1.4

25 1.4

 3 1.4

11 1.4

51 1.4

18 1.4

-fine sand

280

270

260

250

240

230

Poorly graded GRAVEL with SAND (GP); very dense; olive 

brown/olive gray; wet; fine GRAVEL, Max 2" Dia; coarse 

SAND.

3.9

95/11 1.4

2-2-10

CPT-10-104

164+00

Horiz: 1" = 20’

Vert:  1" = 10’162+00

280

270

260

250

240

230

166+00

Poorly graded SAND (SP); medium dense; orange brown 

to olive brown; moist; coarse to medium SAND.

Well-graded SAND (SW); medium dense; orange brown to 

olive gray; moist.

-interbedded CLAY.

CLAYEY SAND (SC); medium dense; olive brown; wet; 

few fine GRAVEL; fine SAND.

9 160 1 2 3 4 165 6 7 8 9 170

ROUTE 91

 To Los Angeles

CPT-10-104

3.9

R-10-005

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

SIGNS 10-2 AND 10-3 (OVERHEAD SIGNS)

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).
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1

288.2’

GWS Elev 263.2’

Terminated at Elev 252.8’

Lean CLAY (CL); soft; dark gray; wet.

3-17-10

Terminated at Elev 234.3’

93%

290

09-29-10

10.7/10.8

NOTE: Ground water encountered, but not 

      measured in Boring R-10-005.

10-18-10

10-21-10
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DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign10-2FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign10-2FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS
POST MILES

FOR REDUCED PLANS
0 1 2 3

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

ORIGINAL SCALE IN INCHES

FIELD INVESTIGATION BY:

12

FILE => sign12--

        

PLAN

PROFILE

OGS GEOLOGIST LOG OF TEST BORINGS SHEET 

K. Lai, M. IslamChi-Tseng Liu

1" = 100’

"A" Line

Horiz: 1" = 10’

Vert:  1" = 10’

F. Gerami

0G3301

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

 I.G-Remmen, 8/10
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100 200 300 400 50002468

Friction Ratio (%) Tip Bearing (tsf)

297.0’

Terminated at Elev 251’

GWS Elev 266.7’

2-8-10

2-8-10

290

280

270

260

250

240

230

177+00 178+00176+00

290

280

270

260

250

240

230

CPT-10-1051
3

7
’
 
R

t
 
S

t
a
 
1

7
6

+
8

5

"
A

"
 
L

i
n

e
 
R

t
e
 
9

1

1 2 3 4 175 6 7 8 9 180 1

ROUTE 91

 To Los Angeles

 To Riverside
CPT-10-105

SIGN NO. 12-1 (OVERHEAD SIGN)

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’ This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign12--FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign12--FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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F. Gerami

0G3301
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 I.G-Remmen, 8/10

                   

             

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE
No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E
D

P
R O F E S S I O N

A

L

E
N

G
I

N

E
E

R

S

T
A

TE
OF C A L IFORN

IA

REGISTERED CIVIL ENGINEER

NoTOTAL PROJECT SHEETS

POST MILES

The State of California or its officers or agents

completeness of electronic copies of this plan sheet.

shall not be responsible for the accuracy or

12 Ora 91

Amare Tsegie

C67529

6-30-11

 To Los Angeles

 To Riverside

3.9

3-17-10

23 1.4

10 1.4

17 1.4

16 1.4

11 1.4

21 1.4

23 1.4

36 1.4

iER = 

R-10-007

206+00205+00

58/5 1.4

SANDY SILT with GRAVEL (ML); dense; light gray; wet.

Poorly graded GRAVEL with SILT and SAND (GP-GM); very dense; 

olive gray; wet; fine GRAVEL; fine SAND.

200 1 2 3 4 205 6 7 8 9 210 1 2 3

3.9

ROUTE 91

R-10-007

SIGN NO. 15-1 (OVERHEAD SIGN)

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

1
3
8
.
9
’
 
L

t
 
S

t
a
 
2
0
5
+

1
5
.
0

"
A

"
 L

in
e

286.7’

GWS Elev 276.2’

SANDY SILT (ML); medium dense; olive gray; wet.

Lean CLAY (CL); stif; olive gray; wet.

3-17-10

Terminated at Elev 239.2’

93%

280

270

260

250

240

230

280

270

260

250

240

230

09-29-10

11.6 1 OF 3

10-18-10

Well-graded SAND (SW); dense; light brown; moist to wet; 

few fine GRAVEL.

Well-graded SAND with GRAVEL (SW); medium dense; light brown 

to olive gray; wet; little fine GRAVEL.

Poorly graded SAND (SP); medium dense; Light brown to olive 

gray; wet; few fine GRAVEL, Max. 1" Dia; medium to fine SAND.

Poorly-graded SAND (SP); medium dense; light 

brown; moist.
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign15--FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign15--FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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6-30-11

290

280

270

260

250
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230

290

280

270

260

250

240

230

ROUTE 91

 To Los Angeles

 To Riverside

iER = 

A-10-008A

93%

30 1.4

39 1.4

33 1.4

11 1.4

32 1.4

46 1.4

26 1.4

17 1.4

GWS Elev

4-20-10

15 1.4

6"

Poorly graded SAND with GRAVEL (SP); dense; grayish brown; wet; some 

angular to subangular GRAVEL, max. 2" Dia.

Well-graded SAND with SILT (SW-SM); dense; grayish brown; wet.

SILTY SAND (SM); medium dense; very dark gray; wet; mostly fine, rounded 

SAND; nonplastic fines.

SILT with SAND (ML); very stiff; dark gray; wet; little fine, rounded SAND; 

low plasticity fines.

NOTE:

215 6 7 8 9 220 1 2 3 4

SIGNS 16-1 AND 16-4 (OVERHEAD SIGNS)

43

6"

A-10-008A

100 200 300 400 5000246810

Friction Ratio (%) Tip Bearing (tsf)

2-2-10

CPT-10-106

2-2-10

218+00 219+00 220+00

CPT-10-106

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’
This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).
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1

289.9’

273.9’

COBBLES and possibly BOULDERS; very dense.

SILT with SAND (ML); soft; dark gray; wet; little fine; few fine GRAVEL;  

SAND; PP=0.5 tsf.

Poorly graded GRAVEL with SAND (GP); very dense; grayish brown; moist; 

mostly subangular GRAVEL; some medium, subrounded SAND

Poorly graded SAND with GRAVEL (SP); very dense; grayish brown; wet; 

little fine, subangular GRAVEL, Max 0.5" Dia.

4-20-10

Terminated at Elev 238.4’

REF 1.4

11.9,12.0

09-29-10

1
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a
 
2
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9
+

8
0

"
A

"
 
L

i
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e
 
R

t
e
 
9

1

292.9’

GWS Elev 270.9’

Terminated at Elev 249.9’

Boring "A-10-008A" is replacement 

for Boring "A-10-008," which was 

drilled approximately 1410’ east of 

"A-10-008A."

Poorly graded SAND with GRAVEL (SP); dense; grayish brown; moist; some 

coarse to fine, subangular GRAVEL, Max 1.5" Dia; found wood chips, old 

roots; (FILL material).

10-18-10

1 OF 3

10-21-10



STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING

SHEET OF

U
S

E
R

N
A

M
E

 =
>

s
1

2
2

5
D

A
T

E
 P

L
O

T
T

E
D

 =
>

2
1
-
O

C
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
3

:
5

0

                                                                                       

REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS
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GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign16-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign16-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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K. Lai, M. IslamChi-Tseng Liu

1" = 100’

"A" Line

Horiz: 1" = 10’

Vert:  1" = 10’

F. Gerami

0G3301

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

 I.G-Remmen, 8/10

                   

             

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE
No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E
D

P
R O F E S S I O N

A

L

E
N

G
I

N

E
E

R

S

T
A

TE
OF C A L IFORN

IA

REGISTERED CIVIL ENGINEER

NoTOTAL PROJECT SHEETS

POST MILES

The State of California or its officers or agents

completeness of electronic copies of this plan sheet.

shall not be responsible for the accuracy or

12 Ora 91

Amare Tsegie

C67529

6-30-11

 To Los Angeles

 To Riverside

iER = 

A-10-014

8"

18 1.4

12 1.4

 8 1.4

16 1.4

 8 1.4

 6 1.4

10 1.4

 7 1.4

3-3-10

100 200 300 400 50002468

Friction Ratio (%) Tip Bearing (tsf)

2-3-10

1
1
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1
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2-3-10

252+00251+00 253+00

97%

SIGN NO. 19-2 (OVERHEAD SIGN)

7 8 9 250 1 2 3 4 255 6 7 8

8" A-10-014

ROUTE 91

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

CPT-10-108

CPT-10-108

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

299.4’ 299.4’

1
1
8
.6

’
 R

t
 S

t
a
 2

5
2
+

1
0

"
A

"
 L
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e

300

290

280

270

260

250

240

GWS Elev 279.9’

GWS Elev 290.4’

Terminated at Elev 255.0’

CR PI PA M

CR PI PA M

CR PI PA M

CR

SANDY Lean CLAY (CL); medium stiff; olive gray; wet; medium plasticity fines.

SILTY SAND with GRAVEL (SM); medium dense; yellowish brown; dry to wet; fine, 

subangular to subrounded GRAVEL; medium to fine SAND.

Poorly graded SAND with GRAVEL (SP); loose to medium dense; yellowish brown; 

wet; mostly fine SAND; some GRAVEL.

SANDY SILT (ML); loose to medium dense; olive gray to dark gray; wet; fine SAND.

SILTY SAND (SM); medium dense; olive gray; wet; mostly fine SAND; some SILT.

3-3-10

Terminated at Elev 257.9’

300

290

280

270

260

250

240

12.6

POST MILES

09-29-10 10-18-10

1 OF 3

Poorly graded SAND with SILT and GRAVEL (SP-SM); medium dense; yellowish 

brown; dry; mostly fine SAND; little GRAVEL.

10-21-10
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DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign19-2FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND
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STRUCTURE DESIGN

sign19-2FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and

                   

             

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE
No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E
D

P
R O F E S S I O N

A

L

E
N

G
I

N

E
E

R

S

T
A

TE
OF C AL IFORN

IA

REGISTERED CIVIL ENGINEER

NoTOTAL PROJECT SHEETS

POST MILES

The State of California or its officers or agents

completeness of electronic copies of this plan sheet.

shall not be responsible for the accuracy or

12 Ora 91

Amare Tsegie

C67529

6-30-11

12

0G3301

I. G-Remmen, 9/10

                         

3 OF 3

SIGN NO. 19-2 (OVERHEAD SIGN)

12.6

10-21-10



STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING

SHEET OF

U
S

E
R

N
A

M
E

 =
>

s
1

2
2

5
D

A
T

E
 P

L
O

T
T

E
D

 =
>

2
1
-
O

C
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
3

:
5

1

                                                                       

REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS
POST MILES

FOR REDUCED PLANS
0 1 2 3

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

ORIGINAL SCALE IN INCHES

FIELD INVESTIGATION BY:

12

FILE => sign20-1

PROFILE

OGS GEOLOGIST LOG OF TEST BORINGS SHEET 

K. Lai, M. IslamChi-Tseng Liu

Horiz: 1" = 10’

Vert:  1" = 10’

F. Gerami

0G3301

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

 I.G-Remmen, 8/10
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ROUTE 91

PLAN

"A" Line

 To Riverside

To Los Angeles

265 6 7 8 9 270 1 2 3 4 275

1" = 100’

A-10-0098"

987

100 200 300 400 5000246810

Friction Ratio (%) Tip Bearing (tsf)

2-9-10

290

280
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260

250

iER = 

A-10-009

14 1.4

14 1.4

11 1.4

 8 1.4

10 1.4

58 1.4

58 1.4

56 1.4

GWS Elev

3-16-10

300

8"

310

SILTY SAND (SM); very dense; olive gray reddish brown; wet; 

interbedded clay [OLDER ALLUVIUM].
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GWS Elev

2-9-10 290

280

270

260

250

300

310

266+00 267+00

50/5 1.4

50/3 1.4

97%

CPT-10-117

CPT-10-117

SIGN NO. 20-1 (OVERHEAD SIGN)

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

306.9’

293.0’
291.9

306.9’

3-16-10

Terminated at Elev 255.4’

Terminated at Elev 282.6’

Poorly graded SAND with GRAVEL (SP); medium dense; yellowish 

brown; moist; little fine GRAVEL; fine SAND.

Poorly graded SAND with SILT and GRAVEL (SP-SM); medium dense; 

yellowish red; moist; little fine GRAVEL; medium to fine SAND.

Poorly graded SAND (SP); medium dense; yellowish red; wet; medium 

to fine SAND.

Well-graded SAND (SW); medium dense; greenish gray; wet.

12.9

09-29-10

1 OF 3

-intensely weathered rock fragments (possibly BOULDERS and COBBLES).

10-18-10

10-21-10
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign20-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

ORIGINAL SCALE IN INCHES

FIELD INVESTIGATION BY:

12

FILE => sign21-1

        

PROFILE

OGS GEOLOGIST LOG OF TEST BORINGS SHEET 

K. Lai, M. IslamChi-Tseng Liu

Horiz: 1" = 10’

Vert:  1" = 10’

F. Gerami

0G3301

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

 I.G-Remmen, 8/10
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This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (June 2010).

ROUTE 91"A" Line

 To Riverside
To Los Angeles

6 7 8 9 1 2 3 4

9

290

280

270

260

300

310

290

280

270

260

300

310

100 200 300 400 50002468

Friction Ratio (%) Tip Bearing (tsf)

CPT-10-109

2-3-10

278+00277+00 279+00

SIGN NO. 21-1 (OVERHEAD SIGN)

275 280 285

PLAN

1" = 100’

CPT-10-109
BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

312.5’
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Terminated at Elev 275.6’

13.10

09-29-10

1 OF 3

NOTE: Ground water not encountered.

10-21-10
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign21-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign21-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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ROUTE 91

100 200 300 400 5000246810

Friction Ratio (%) Tip Bearing (tsf)

2-3-10

290

280

270

260

300

310

290+00

320

2-3-10

CPT-10-110

290

280

270

260

300

310

320

291+00

SIGN NO. 22-1 (OVERHEAD SIGN)

285
6

7
8

9 290 1 2 3
4

295

8
9 290

1 2

3 4 295

"D" Line

"E" Line   WB Rte 91

EB Rte 91

 To Riverside

To Los Angeles

CPT-10-110

PLAN

1" = 100’

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’ This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign22-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)

                   

             

DIST COUNTY ROUTE
SHEET TOTAL

PLANS APPROVAL DATE
No.

Exp.

CIVIL

R
E

G
I

S
T

E
R

E
D

P
R O F E S S I O N

A

L

E
N

G
I

N

E
E

R

S

T
A

TE
OF C AL IFORN

IA

REGISTERED CIVIL ENGINEER

NoTOTAL PROJECT SHEETS

POST MILES

The State of California or its officers or agents

completeness of electronic copies of this plan sheet.

shall not be responsible for the accuracy or

12 Ora 91

Amare Tsegie

C67529

6-30-11

12

0G3301

I. G-Remmen, 9/10 2 OF 3         

SIGN NO. 22-1 (OVERHEAD SIGN)

13.34

10-21-10



STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING

SHEET OF

U
S

E
R

N
A

M
E

 =
>

s
1

2
2

5
D

A
T

E
 P

L
O

T
T

E
D

 =
>

2
1
-
O

C
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
3
:
5
2

                                                                                       

REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign22-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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FUNCTIONAL SUPERVISOR

NAME:
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FIELD INVESTIGATION BY:
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PROFILE
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To Los Angeles

100 200 300 400 5000246810

Friction Ratio (%) Tip Bearing (tsf)

2-9-10

300

310

320

330

340

350

360

2-9-10

CPT-10-116

312+00

300

310

320

330

340

350

360

8

9 310 1 2 3 4

315

7 8 9 320

9

310 1 2 3 4 315 6 7 8 9 320

PLAN

1" = 100’

"E" Line WB ROUTE 91

EB ROUTE 91
"D" Line

 To Riverside

CPT-10-116

370

Horiz: 1" = 20’

Vert:  1" = 10’
314+00

iER = 

A-10-011

8"

49 1.4

64 1.4

70 1.4

54 1.4

SILTY GRAVEL with SAND (GM); very dense; olive

brown; dry.

REF 1.4

REF 1.4

97%

316+00

8"

A-10-011

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

SIGN 24-1 AND 24-2 (OVERHEAD SIGNS)
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374.1’

362.0’

GWS Elev 323.8’

SILTY SAND (SM); very dense; yellowish red; dry; 

few fine GRAVEL, Max 1" Dia; coarse to fine SAND.

SILTY SAND with GRAVEL (SM); very dense; yellowish

brown; dry; some gravel; coarse to fine SAND.

-orange brown; dry to moist; little fine GRAVEL

3-3-10

Terminated at Elev 344.1’

CR PA M

CR PA M

13.8

09-30-10

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

Terminated at Elev 312.0’
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NOTE: Ground water was not encountered 

      in Boring A-10-011.
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign24-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign24-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS
POST MILES

FOR REDUCED PLANS
0 1 2 3

GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

ORIGINAL SCALE IN INCHES

FIELD INVESTIGATION BY:

12

FILE => sign25-1

OGS GEOLOGIST LOG OF TEST BORINGS SHEET 

K. Lai, M. IslamChi-Tseng Liu F. Gerami

0G3301

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

 I.G-Remmen, 8/10
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12 Ora 91

Amare Tsegie

C67529

6-30-11

To Los Angeles

PLAN

1" = 100’

WB ROUTE 91

EB ROUTE 91"D" Line

"E" Line

8"

325+00 335+00

iER = 

A-10-012

77 1.4

57 1.4

67 1.4

REF 1.4

REF 1.4

REF 1.4

380

370

360

350

340

330

8"

REF 1.4

380

370

360

350

340

330

97%

320 1 2 3 4 325 6 7 8 9

1 2 3 4 325 6 7 8 9

 To Riverside

A-10-012

345+00

100 200 300 400 5000246810

Friction Ratio (%) Tip Bearing (tsf)

2-4-10

CPT-10-115

2-2-10

PROFILE

Horiz: 1" = 100’

Vert:  1" = 10’

330 1 2 3 4 335 6 7 8 9 340

330 1
2 3 4 335 6 7 8 9 340

CPT-10-115

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

SIGN 25-1 AND 25-3 (OVERHEAD SIGNS)

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

CR PA M

CR PA

CR PA M

SILTY SAND with GRAVEL (SM); very dense; olive

brown to Reddish brown; moist; little fine GRAVEL; 

coarse to medium SAND.

-COBBLES.

Poorly-graded SAND with SILT and GRAVEL (SP-SM); very 

dense; olive brown; moist; some fine GRAVEL; coarse to 

medium SAND.

-light brown to orange brown; dry; rock fragments.

Poorly-graded GRAVEL with SILT and SAND (GP-GM); very 

dense; brown; moist; mostly coarse GRAVEL; some fine 

SAND; few SILT.

3-3-10

Terminated at Elev 349.2’

385.7’

9
0
’
 
R

t
 
S

t
a
 
3
2
5
+

1
0
.
0

 "
D

"
 L

i
n

e
 E

B
 R

t
e
 9

1

382.0’

8
1
.
9
’
 
L

t
 
S

t
a
 
3
3
6
+

1
8

"
D

"
 
L

i
n

e
 
E

B
 
R

t
e
 
9

1

Terminated at Elev 335.2’

09-30-10

14.0,14.2

NOTE: Ground water was not encountered in 

      Boring A-10-012.

GWS Elev 343.7’

1 OF 3

10-18-10

10-21-10



STATE OF

CALIFORNIA
DEPARTMENT OF TRANSPORTATION

CU

EA

BRIDGE NO.

EARLIER REVISION DATES

DISREGARD PRINTS BEARING

SHEET OF

U
S

E
R

N
A

M
E

 =
>

s
1

2
2

5
D

A
T

E
 P

L
O

T
T

E
D

 =
>

2
1
-
O

C
T

I
M

E
 P

L
O

T
T

E
D

 =
>

1
3
:
5
3

                                                                                       

REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign25-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign25-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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Horiz: 1" = 10’

Vert:  1" = 10’
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0G3301
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380

370

360
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400

410

420

380
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360
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420

357+00 358+00

SIGN NO. 28-4 (OVERHEAD SIGN)

2
3

4 355 6 7 8 9 360 1
2

3

4

2
3

4
355 6 7 8 9 360 1

2
3

4
365

PLAN

1" = 100’

8"

"E" Line 

"D" Line

 To Riverside

WB Rte 91

EB Rte 91

A-10-022

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

NOTE: Ground water not encountered.

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

14.6

09-30-10

iER = 

A-10-022

8"

 9 1.4

31 1.4

35 1.4

62 1.4

57 1.4

68 1.4

ASPHALT.

68/6 1.4

CLAYEY SAND (SC); loose; light brown; moist; low plasticity fines.

-hard; PP>4 tsf

97%

9
6
’
 
L

t
 
S

t
a
 
3
5
7
+

3
9

"
E

"
 L

in
e

421.0’

3-2-10

Terminated at Elev 374.5’

CR PI PA M

CR PI PA M

CR M

Lean CLAY (CL); stiff; dark brown to yellowish gray; moist; medium 

plasticity fines; rock fragments; PP=1 tsf.

1 OF 3

SANDY lean CLAY with GRAVEL (CL); hard; yellowish gray; moist; 

medium to low plasticity; 23% SAND; 18% GRAVEL up to 1" diameter.

Lean CLAY (CL); hard; reddish gray to olive gray; moist; medium 

plasticity fines (OLDER ALLUVIUM}; PP>4 tsf.

10-18-10

10-21-10
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign28-4FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign28-4FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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GEOTECHNICAL SERVICESENGINEERING SERVICES
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CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

ORIGINAL SCALE IN INCHES

FIELD INVESTIGATION BY:

12

FILE => sign29-1

PROFILE

OGS GEOLOGIST LOG OF TEST BORINGS SHEET 

K. Lai, M. IslamChi-Tseng Liu

Horiz: 1" = 10’

Vert:  1" = 10’

F. Gerami

0G3301

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

 I.G-Remmen, 8/10
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This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (June 2010).

PLAN

 To Riverside

1" = 100’

380

370

390

400

380

370

390

400

100 200 300 400 5000246

Friction Ratio (%) Tip Bearing (tsf)

2-4-10

CPT-10-113

375+00 376+00

SIGN NO. 29-1 (OVERHEAD SIGN)

9
370

1 2 3 4 375 6 7 8
9

370 1 2 3 4 375 6
7

8 9 380

"E" Line 

WB Rte 91

"D" Line EB Rte 91

To Los Angeles
CPT-10-113

BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’

405.3’
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Terminated at Elev 381.3’

14.9

09-30-10

1 OF 3

10-18-10

NOTE: Ground water not encountered.

10-21-10
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REVISION DATES

DESIGN BRANCH   LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign29-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign29-1FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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DESIGN BRANCH   LOG OF TEST BORINGS
POST MILES
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GEOTECHNICAL SERVICESENGINEERING SERVICES

DRAWN BY:

CHECKED BY:

FUNCTIONAL SUPERVISOR

NAME:

ORIGINAL SCALE IN INCHES

FIELD INVESTIGATION BY:
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FILE => sign29-6

PROFILE

OGS GEOLOGIST LOG OF TEST BORINGS SHEET 

K. Lai, M. IslamChi-Tseng Liu
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Vert:  1" = 10’

F. Gerami
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PLAN

1" = 100’

1
2

3
4

6 7 8 9 370 1

2
3 4

370
1

2
3

4

365 6 7 8
9

5

2
3 4

 To Riverside

"D" Line

To Los Angeles

"E" Line

8"

A-10-017

8"

A-10-018

365

iER = 

8"

13 1.4

 8 1.4

 5 1.4

26 1.4

26 1.4

17 1.4

ASPHALT.

A-10-018

8"

18 1.4

15 1.4

25 1.4

20 1.4

14 1.4

57 1.4

A-10-017

iER = 

380

370

390

400

410

420

380

370

390

400

410

420

367+00 368+00 369+00

CLAYEY SAND (SC); medium dense; light brown; dry; trace fine 

GRAVEL; fine SAND; low plasticity fines.

Fat CLAY (CH); hard; light gray; moist; high plasticity fines.

PP=>4 tsf

-very dense.

SILTY SAND with GRAVEL (SM); medium dense; light brown to orange 

brown; moist; coarse to fine SAND.

Lean CLAY with SAND (CL); medium stiff; light brown; moist; medium to fine 

SAND; medium plasticity fines.

SANDY SILTY CLAY (CL-ML); soft; light brown; moist; low to medium plasticity 

fines; PP=0.5 tsf.

SIGN NO. 29-6 (OVERHEAD SIGN)

WB Rte 91

EB Rte 91BENCH MARK

Described by Orange County Surveyor (OCS) 2002 - found 

þÿ�3���"� �O�C�S� �a�l�u�m�i�n�u�m� �b�e�n�c�h�m�a�r�k� �

in the easterly angle point of a concrete headwall. 

Monument is located in the southerly corner of the 

intersection of Lakeview Avenue and Santa Ana Canyon 

Road, 63 ft. southeasterly of the centerline of Santa Ana 

Canyon Road and 33 ft. southwesterly of the centerline of 

Lakeview Avenue. Monument is set level with the top of the 

wall, Vertical Datum NAVD 1988.

BM #2J-39-71   Elev 317.051’
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422.0’

REF 1.4

3-4-10

Terminated at Elev 377.7’

97%

SANDY lean CLAY (CL); estimated very stiff; black; moist; medium 

plasticity fines.

Lean CLAY with SAND (CL); very stiff; brown; moist; little coarse 

to fine SAND.

423.2’
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3-10-10

Terminated at Elev 372.4’

97%

CLAYEY SAND with GRAVEL (SC); medium dense to loose; dark brown; moist; 

little fine GRAVEL; nonplastic to low plasticity fines.

-medium stiff; PP=0.5 TO 0.75 tsf.

SILTY SAND with GRAVEL (SM); medium dense; light brown; moist; little fine 

GRAVEL, Max 2" Dia; coarse to fine SAND.

09-30-10

This LOTB sheet was prepared in accordance with 

the Caltrans Soil & Rock Logging, Classification, 

& Presentation Manual (2010 Edition).

CR PI PA M

CR M

NOTE: Ground water not encountered.

Lean CLAY (CL); hard; orange brown; moist; low to medium plasticity fines; 

PP=>4 tsf.

10-18-10

1 OF 314.8

COBBLES with SAND; very dense; reddish brown; moist; mostly fine SAND.

10-21-10
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0 1 2 3

POST MILE
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DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

UUM UW

i

ROTARY BORING

Description of material

Hole I.D.

Field & Lab Tests

Material change

Estimated material change

Soil/Rock boundary

SPT N-Value

(per ASTM 1586-99),

P = push sample,

or as noted

Casing driven

Top Hole El.

L
o

c
a
ti

o
n

 

16 1.4

Date measured

Elev.       GWS

Boring Date

Hammer Energy Ratio (ER ) =   %

Top Hole El.

P

60

500

(S)

(S)

Date measured

30

P

GWS Elev. 

L
o

c
a
ti

o
n

 

Hole I.D.

Pulled Pipe

Ground water

surface

materials

Sample

taken

Description of 

Refusal

Boring Date

HAND BORING

GWS

NC

P

2

4

4

6

10

37

17

56

91

58

65

60

43

113

154

L
o

c
a
t
i
o

n
 

Top Hole El.

Elev.

100

180/
0-

9

200

Date measured

Hole I.D.

DYNAMIC CONE PENETRATION BORING

Pushed

Boring Date

No count recorded

2

on tip element

Hole I.D.

L
o

c
a
t
i
o

n
 

Top Hole El.

Boring Date

Friction Ratio (%)

0246 302010

2

Pressure measured

along sleeve friction

element (34.88 in

area) divided by 

pressure measured

on tip element.

Pressure measured

(2.33 in  area)

Terminated at Elev

Terminated at Elev

Size of Sampler 

(inches)

sign29-6FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

Weak

Moderate

Strong

Criteria

CEMENTATION

Description

Crumbles or breaks with handling or 

little finger pressure.

Crumbles or breaks with considerable 

finger pressure.

Will not crumble or break with finger 

pressure.

CONSISTENCY OF COHESIVE SOILS

Very Soft

Soft

Medium Stiff

Stiff

Very Stiff

Hard

1 - 2

2 - 4

0.12 - 0.25

Description

Terminated at Elev Terminated at Elev

Dynamic Cone Penetration Boring

Note: Size in inches.

Symbol
Description

A 

D

O

Hole

Type

BOREHOLE IDENTIFICATION

S
iz

e
S

iz
e

Size

CPT

HD 

HA

Hand driven (1-inch soil tube)

Hand Auger

Rotary drilled diamond coreR

Other (note on LOTB)

Auger Boring (hollow or solid stem 

bucket)
Size

R 

RW

RC

P

Rotary drilled boring (conventional)

Rotary drilled with self-casing wire-line

Rotary core with continuously-sampled, self-casing wire-line

Rotary percussion boring (air)

Less than 0.25 Less than 0.12

3 1

Shear Strength

(tsf)

0.12 - 0.25

Less than 0.12

DRAWN BY:

Blows per 12 in.

(Using 28 lb hand 

hammer with a 12 in.

drop or as noted)
Driving rate in

seconds per 12 in.

(using a Stanley

MB 156 percussion

hammer and a 2.2 in.

cone, or as noted)

Cone Penetration Test (ASTM D 5778)

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.25 - 0.5

0.5 - 1

Greater than 4

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

0.12 - 0.25

Less than 0.12

0.25 - 0.5

0.5 - 1

1 - 2

Greater than 2

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

CONE PENETRATION TEST (CPT) BORING

Pocket

Penetrometer

Measurement, PP, (tsf)

Torvane

Measurement, TV, (tsf)

Vane Shear

Measurement, VS, (tsf)

Tip Bearing (Tsf)
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REVISION DATES

DESIGN BRANCH                         
LOG OF TEST BORINGS

FOR REDUCED PLANS

ORIGINAL SCALE IN INCHES

0 1 2 3

POST MILE

GS LOTB SOIL LEGEND

DIVISION OF ENGINEERING SERVICES

STRUCTURE DESIGN

sign29-6FILE =>

ENGINEERING SERVICES GEOTECHNICAL SERVICES

ORGANIC SOIL

ORGANIC SOIL with SAND

ORGANIC SOIL with GRAVEL

SANDY ORGANIC SOIL

SANDY ORGANIC SOIL with GRAVEL

GRAVELLY ORGANIC SOIL

GRAVELLY ORGANIC SOIL with SAND

SILTY CLAY

SILTY CLAY with SAND

SILTY CLAY with GRAVEL

SANDY SILTY CLAY

SANDY SILTY CLAY with GRAVEL

GRAVELLY SILTY CLAY

GRAVELLY SILTY CLAY with SAND

SILT with SAND

SILT with GRAVEL

SANDY SILT

SANDY SILT with GRAVEL

Group Names Group Names

GROUP SYMBOLS AND NAMES

GRAVELLY SILT

GRAVELLY SILT with SAND

SILT

ORGANIC SILT with SAND

ORGANIC SILT with GRAVEL

SANDY ORGANIC SILT

SANDY ORGANIC SILT with GRAVEL

GRAVELLY ORGANIC SILT

GRAVELLY ORGANIC SILT with SAND

ORGANIC SILT

COBBLES and BOULDERS

BOULDERS

SAND (or SILTY CLAY and SAND)

(or SILTY CLAY and SAND)

SILTY GRAVEL

CLAYEY GRAVEL

SILTY, CLAYEY GRAVEL

SILTY SAND

CLAYEY SAND

PEAT

SILTY, CLAYEY SAND

(or SILTY CLAY)

(or SILTY CLAY)

SILTY, CLAYEY SAND with GRAVEL

CLAYEY SAND with GRAVEL

SILTY SAND with GRAVEL

GRAVEL (or SILTY CLAY and GRAVEL)

(or SILTY CLAY)

(or SILTY CLAY and GRAVEL)

COBBLES

SILTY, CLAYEY GRAVEL with SAND

CLAYEY GRAVEL with SAND

SILTY GRAVEL with SAND

(or SILTY CLAY)

SM

SC

GW

GW-GM

PT

SC-SM

GW-GC

GP-GM

GP-GC

GM

GC

GP

GC-GM

SP-SC

SW

SP

SW-SM

SW-SC

SP-SM

Graphic/Symbol

OL

OL

CH

MH

OH

OL/OH

OH

CL

CL-ML

ML

Graphic/Symbol

SANDY lean CLAY with GRAVEL

SANDY lean CLAY

GRAVELLY lean CLAY with SAND

SANDY ORGANIC lean CLAY with GRAVEL

GRAVELLY ORGANIC lean CLAY

GRAVELLY ORGANIC lean CLAY with SAND

GRAVELLY lean CLAY

ORGANIC lean CLAY

ORGANIC lean CLAY with SAND

ORGANIC lean CLAY with GRAVEL

SANDY ORGANIC lean CLAY

SANDY ORGANIC fat CLAY

SANDY ORGANIC fat CLAY with GRAVEL

GRAVELLY ORGANIC fat CLAY

GRAVELLY ORGANIC fat CLAY with SAND

SANDY fat CLAY

SANDY fat CLAY with GRAVEL

GRAVELLY fat CLAY

GRAVELLY fat CLAY with SAND

ORGANIC fat CLAY

ORGANIC fat CLAY with SAND

ORGANIC fat CLAY with GRAVEL

ORGANIC elastic SILT with SAND

ORGANIC elastic SILT with GRAVEL

SANDY ORGANIC elastic SILT

SANDY ORGANIC elastic SILT with GRAVEL

GRAVELLY ORGANIC elastic SILT

GRAVELLY ORGANIC elastic SILT with SAND

ORGANIC elastic SILT

SANDY elastic SILT

GRAVELLY elastic SILT with SAND

SANDY elastic SILT with GRAVEL

GRAVELLY elastic SILT

Well-graded GRAVEL with CLAY and SAND

Well-graded GRAVEL with SILT and SAND

Well-graded GRAVEL with SILT

Well-graded SAND

Well-graded SAND with SILT

Well-graded GRAVEL with CLAY

Well-graded GRAVEL

Well-graded SAND with SILT and GRAVEL

Well-graded SAND with CLAY and GRAVEL

Well-graded GRAVEL with SAND

Well-graded SAND with GRAVEL

Well-graded SAND with CLAY

Lean CLAY

Lean CLAY with GRAVEL

Lean CLAY with SAND

Fat CLAY

Fat CLAY with SAND

Fat CLAY with GRAVEL

Elastic SILT with SAND

Elastic SILT with GRAVEL

Elastic SILT

CP

C

UU

CU

CR

EI

PI

M

OC

SE

UW

DS

SG

PL

SL

CL

R

SW

PA

P

PM Pressure Meter

FIELD AND LABORATORY

TESTING

Consolidation (ASTM D 2435)

Collapse Potential (ASTM D 5333)

Compaction Curve (CTM 216)

Corrosivity Testing 

(CTM 643, CTM 422, CTM 417)

Consolidated Undrained 

Triaxial (ASTM D 4767)

Direct Shear (ASTM D 3080)

Expansion Index (ASTM D 4829)

Moisture Content (ASTM D 2216)

Organic Content-% (ASTM D 2974)

Permeability (CTM 220)

Particle Size Analysis (ASTM D 422) 

Plasticity Index (AASHTO T 90) 

Liquid Limit (AASHTO T 89)

Point Load Index (ASTM D 5731)

R-Value (CTM 301)

Sand Equivalent (CTM 217)

Specific Gravity (AASHTO T 100)

Shrinkage Limit (ASTM D 427)

Swell Potential (ASTM D 4546)

Unconsolidated Undrained 

Triaxial (ASTM D 2850)

Unit Weight (ASTM D 4767)

UC

Unconfined Compression-Soil

(ASTM D 2166)

Unconfined Compression-Rock

(ASTM D 2938)

PERCENT OR PROPORTION OF SOILS

Criteria

5% - 10%

15% - 25%

30% - 45%

50% - 100%

Trace

Few

Little

Some

Mostly

Description

Particles are present but estimated to 

be less than 5%

APPARENT DENSITY OF COHESIONLESS SOILS

Description 60

MOISTURE

CriteriaDescription

Dry

Moist

Wet

No discernable moisture

Moisture present, but no free water

Visible free water

PARTICLE SIZE

Boulder

Cobble

Gravel

Sand

Description

Coarse

Fine

Coarse

Medium

Fine

Size (in.)

Greater than 12

3 - 12

3/4 - 3

1/16 - 1/5

1/64 - 1/16

1/300 - 1/64

DRAWN BY:

SPT N   (Blows / 12 in.)

Silt and Clay

1/300 - 1/64

Less than 1/300

1/5 - 3/4

REFERENCE:  CALTRANS SOIL & ROCK LOGGING, CLASSIFICATION, AND PRESENTATION MANUAL (2010)

5

10

30

50

0

5

10

30

-

-

-

-

Greater than 50

Very Loose

Loose

Medium Dense

Dense

Very Dense

Poorly-graded GRAVEL

Poorly-graded GRAVEL with SAND

Poorly-graded GRAVEL with SILT

Poorly-graded GRAVEL with SILT and SAND

Poorly-graded GRAVEL with CLAY

Poorly-graded GRAVEL with CLAY and

Poorly-graded SAND

Poorly-graded SAND with GRAVEL

Poorly-graded SAND with SILT

Poorly-graded SAND with SILT and GRAVEL

Poorly-graded SAND with CLAY

Poorly-graded SAND with CLAY and
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State of California       Business, Transportation and Housing Agency 

 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 

 

To: MR. ADEL MALEK       Date:      December 02, 2010 

Senior Transportation Engineer                   File: 12-LA-91 PM9.1/15.6 

 District 12, Office of Design - Branch C    Project ID 1200000140  

EA 12-0G3301 

Overhead Signs and Gantries 

EB and WB Route 91 

Attention: Mr. KC Liu 

 

From: DEPARTMENT OF TRANSPORTATION 

 DIVISION OF ENGINEERING SERVICES 

 Geotechnical Services 

Office of Geotechnical Design – South 1 

 Branch C 

Subject:  Revised Foundation Report 
 

“Caltrans improves mobility across California”  
 

In response to the request on November 30, 2010, the Office of Geotechnical Design South 

1 has prepared the revised foundation recommendations for 21 overhead signs and four 

gantries on both eastbound (EB) and westbound (WB) directions of Route 91. This revision 

is due to change in top surface elevations and cut off elevations. It should be mentioned 

that at the time of field investigation, top of boring elevations were estimated based on 

topographic contours and surveyed after original report was submitted. The remainder of 

the Original Foundation Report dated June 30, 2010 is still applicable. 

 
 REVISED FOUNDATION RECOMMENDATIONS 

 

In order to verify that the foundation depth is sufficient to support the proposed standard 

overhead signs and non-standard gantry structures, the vertical and lateral capacity of pile 

were analyzed. Service level loads at the top of pile for these signs were estimated and 

provided by Mr. K C Liu as listed in table No. 1 for standard Overhead sign  

Table No. 1 – Service level load & Maximum allowable pile deflection 

Type 

 

Sign No. 
Axial Force 

(Kips) 

Shear Force 

(Kips) 

Bending Moment 

(Kips-ft) 

Maximum allowable 

Pile-head deflection 

(inch) 

Full Cantilever 

Overhead Sign 
2-2 23.8 14.9 458 0.25 

Full Cantilever 

Overhead Sign 
3-2 23.5 14.9 441.0 0.25 

Full Cantilever 

Overhead Sign 
4-1 23.4 14.8 437.0 0.25 

Full Cantilever 

Overhead Sign 
8-2 24.3 15.1 481.0 0.25 

Full Cantilever 

Overhead Sign 
10-2 24.2 15.0 476 0.25 
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Full Cantilever 

Overhead Sign 
10-3 23.7 14.9 450 0.25 

Full Cantilever 

Overhead Sign 
12-1 24.1 16.3 497 0.25 

Full Cantilever 

Overhead Sign 
15-1 24.6 16.4 524 0.25 

Full Cantilever 

Overhead Sign 
16-1 24.5 17.7 548 0.25 

Full Cantilever 

Overhead Sign 
16-4 23.8 14.9 454 0.25 

Full Cantilever 

Overhead Sign 
19-2 25.1 17.7 560 0.25 

Full Cantilever 

Overhead Sign 
20-1 23.8 14.9 458 0.25 

Full Cantilever 

Overhead Sign 
21-1 23.5 12.2 398 0.25 

Full Cantilever 

Overhead Sign 
22-1 23.9 13.7 439 0.25 

Full Cantilever 

Overhead Sign 
24-1 24.1 17.7 521 0.25 

Full Cantilever 

Overhead Sign 
24-2 20.6 10.2 339 0.25 

Full Cantilever 

Overhead Sign 
25-1 23.9 17.7 508 0.25 

Full Cantilever 

Overhead Sign 
25-3 24.1 16.3 497 0.25 

Full Cantilever 

Overhead Sign 
28-4 22.8 15.6 450 0.25 

Full Cantilever 

Overhead Sign 
29-1 23.8 16.9 507 0.25 

Two Post 

Overhead Sign  
29-6 32.6 17.8 675 0.25 

Gantry Structure 28-1 24.6 19.6 612 0.25 

Gantry Structure 28-2 24.6 19.6 612 0.25 

Gantry Structure 29-3 24.6 19.6 612 0.25 

Gantry Structure 29-4 24.6 19.6 612 0.25 

      

 

The computer software of Shaft 5.0 and LPILE 5.0 plus were employed to estimate the 

vertical and lateral capacity of CIDH piles for standard overhead sign and non-standard 

gantry structures. The properties of subsurface material at the location of pile were 

correlated with blow counts.  
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Based on the results of analysis, the pre-selected pile depth for the Standard OH sign in 

accordance with Standard Plans no. S8, dated May 2006, is sufficient to support the 

proposed sign without exceeding the maximum allowable pile-head deflection.  

 

Based on the results of analysis for non-standard gantry structures, the revised specified tip 

elevations are provided in Table No. 2.  

 

Table No. 2 – Foundation Recommendations for Non-Standard Gantry Structures 

Sign 

No. 

Surface 

Elev. 

Pile Diameter / 

Pile Type 

Design Service Load 

(Kips) 

Nominal 

Resistance (Kips) 
Approximate 

Pile Cutoff 

Elev. (ft) 

Design Tip 

Elev. (ft) 

Specified 

Tip Elev. 

(ft) 
Comp. Tension Comp. Tension 

28-1 420.7 6.0’/CIDH 24.6 0 50 0 412.4 
404.4 

(a) 

380 

(d) 
380 

28-2 420.3 6.0’/CIDH 24.6 0 50 0 412.0 
404.0 

(a) 

380.0 

(d) 
380 

29-3 413.7 6.0’/CIDH 24.6 0 50 0 405.4 
397.4 

(a) 

373 

(d) 
373 

29-4 414.2 6.0’/CIDH 24.6 0 50 0 405.9 
397.9 

(a) 

374 

(d) 
374 

Notes: 1. Design Pile Tip Elevations are controlled by the following demands: (a) Compression (d) Lateral Loads. 

2. The CIDH Specified Tip elevation shall not be raised. 

 

 

If you have any questions, please contact Amare Tsegie at (213) 620-2133 or Ted Liu at (213) 

620-2136. 

 

Prepared by: Date: December 02, 2010  Reviewed by: Date: December 02, 2010 

 

 

        

  

 
Amare Tsegie, P.E.                                       Chi-Tseng Ted Liu, Ph.D., P.E., G.E. 
Transportation Engineer    Senior Transportation Engineer 
Office of Geotechnical Design South 1  Office of Geotechnical Design South 1 
Branch C      Branch C 
 

Prepared by: Date: December 02, 2010   

 
c.c. 
 GS Corporate – Mark Willian (Electronic File) 

 Structure Design – KC LIU (Electronic File) 

 District Project Manager – Leo Chen (Electronic File) 

 District Construction R.E. Pending File (Electronic File) 

 Structure Construction R.E. Pending (Electronic File to: File, RE_Pending_File@dot.ca.gov) 

 DES Office Engineer, Office of PS&E (Electronic File) 

 District Materials Engineer (Electronic File) 



State of California       Business, Transportation and Housing Agency 

 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 

 

To: MR. MOHAMMAD RAVANIPOUR  Date: July 01, 2010 

 Senior Bridge Engineer         

 Office of Bridge Design South 2   File: 12-ORA-91- PM 11.53 

         12-0G3301 

         Route 91/90 Separation  

 Attention: Mr. Wei-Kung Hsia    (Outside Widen) 

              Bridge No. 55-0474 

 
From: DEPARTMENT OF TRANSPORTATION 

 DIVISION OF ENGINEERING SERVICES 

 Geotechnical Services 

Office of Geotechnical Design – South 1 

 Branch D 

 

Subject:  Foundation Report for Route 91/90 Separation Widening, Bridge No.55-0474, 

                 SR-91 Freeway Widening Project 

 

 

“Caltrans improves mobility across California”  

INTRODUCTION 

 

In a memo dated October 13, 2009, Office of Bridge Design South 2 (OBDS2) requested a 

Foundation Report for the proposed outside widening of Route 91/90 Separation as part of 

the State Route 91 Freeway widening project.  

 

The Route 91/90 Separation, Bridge Number 55-0474, is located at post mile 11.53 on Route 

91 in the City of Anaheim, Orange County, California.  Route 91/90 Separation is a simply 

supported single span CIP/PS box (25 cells) girder bridge on open end reinforced concrete 

cantilever abutments. The bridge abutments are supported on driven reinforced concrete 

piles. 

 

Scope of Work 

 

This report presents the foundation recommendations for the proposed bridge widening at 

Route 91/90 Separation, Bridge No. 55-0474, on State Route 91. The following foundation 

recommendations are based on the updated Structure and Foundation Plans provided to the 

Office of Geotechnical Design South-1 (OGDS-1) with the latest revision date of May 17, 

2010.  

 

Tasks completed by OGDS-1, Branch D included the following: 
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1. Review of pertinent information from previous geotechnical reports, plans, and As-Built 

Plans/records at the project area to evaluate the adequacy of existing subsurface 

information for the bridge outside widening. 

2. Recent field reconnaissance by an engineer, drilling, logging, and sampling of two rotary-

wash borings and and two hollow stem auger borings at the bridge site to gather 

subsurface information (January 2010). The above borings were near proposed widening 

at bridge Abutments 1 and 2 to supplement the existing information and characterize the 

subsurface conditions. 

3. Laboratory testing of selected samples to characterize the subsurface materials. 

4. Review of the regional geology and seismicity. 

5. Development of recommendations for foundation design, evaluation of liquefaction and 

corrosion potential. 

 

Project Description 

 

This project is part of planned improvements along Route 91 between State Routes 55 and 

241 in the Cities of Anaheim, Anaheim Hills, and Yorba Linda. The Route 91/90 Separation, 

Bridge Number 55-0474 was originally constructed in 1970 followed by median widening in 

1994.  

 

The proposed improvements include a 33½ to 40 ft bridge widening on the westbound side 

of Route 91 (left side widen) and a 19 to 25 ft bridge widening on the eastbound side of 

Route 91 (right side widen). 

 

All elevations provided within this report and proposed project plans are based on NAVD88 

datum. 

 

 

FIELD INVESTIGATION  

 

Site specific field exploration was performed between January 11 and January 14, 2010. The 

field investigation included drilling two hollow-stem auger borings (7 inch outer diameter) 

and two rotary wash borings (4.5 inch outer diameter). Caltrans operated drill rig model 

CME 85 was used to drill the hollow-stem auger and rotary-wash borings.  Standard 

Penetration Tests (SPT’s), and relatively undisturbed sampling (with a split-barrel modified 

California Sampler, 2 inch inner diameter) were performed within the borings. Blow counts 
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(SPT N-values) were recorded at 5 foot intervals during drilling. The SPT’s were performed 

in accordance with ASTM Test Method D1586 using a standard 1.4 inch I.D. sampler with 

an automatic 140 lb hammer dropped 30 inches. Undisturbed tube soil samples were also 

obtained using the 2 inch I.D. modified California Split Spoon Sampler with 4 inch long 

brass liners. The liners were all capped/sealed in the field. A piezometer was installed in one 

of the borings. The remaining three borings were backfilled with bentonite pellets and 

capped with asphalt patch after completion of the field investigation. Microstation Log of 

Test Boring (LOTB) files and scanned copies of the As-Built LOTB sheets will be sent to the 

designer for inclusion within Contract Plans.  

 

District 12 Surveys provided the location and elevation of the borings. Boring information 

are summarized in Table 1.   

Table 1 – Summary of Boring Information 

 

Boring 
No. 

SR-91 
Centerline 

Station 

Offset from 
SR-91 

Centerline 
(ft) 

Depth 
(ft) 

Top of 
Boring 

Elevation 
(ft) 

Date 
Drilled 

A-10-005 186+27.7 205.4 Rt 26.5 305.8 01/11/10 

R-10-006 189+80.3 100.3 Rt 80.8 327.7 01/13/10 

R-10-007 187+66.9 95.3 Lt 86.4 319.1 01/12/10 

A-10-008 192+72.9 222.6 Lt 21.5 305.8 01/14/10 

 

 

LABORATORY TESTING PROGRAM 

 

Caltrans Materials and Geotechnical Laboratories have performed laboratory testing on 

selected samples obtained from the field investigation. The purpose of the laboratory testing 

was to help evaluate the engineering properties of the subsurface materials and to confirm 

visual classification of the soils.  Laboratory tests performed include moisture content, dry 

unit weight, wash sieve analysis, Atterberg limits, unconsolidated undrained (UU) triaxial 

tests, direct shear, consolidation, and corrosion tests.  Laboratory test results are retained in 

electronic format per the Geotechnical Service (GS) project archive requirements. 
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SITE GEOLOGY AND SUBSURFACE CONDITIONS 

 

Regional Geology 

 
The project site lies along the southern margin of the Santa Ana River Valley adjacent to the 

northernwestern flank of the Santa Ana Mountains and south of the Chino/Puente Hills. The 

Santa Ana Mountains, and the site, are part of the Peninsular Ranges Geomorphic Province. 

Leighton Consulting (April 28, 2004) mention that “The Peninsular Ranges Province is 

characterized by elongate northwest-trending mountain ridges separated by sediment-floored 

valleys. The northwest-trending Santa Ana Mountains are a large flexure, which has been 

uplifted on its eastern side along the Whittier-Elsinore Fault Zone, producing a tilted, 

irregular and complex highland that generally slopes westward toward the sea. The Whittier-

Elsinore Fault Zone separates the Santa Ana Mountains, to the south, from the Puente/Chino 

Hills. The Santa Ana River flows westward through this separation created by the Whittier-

Elsinore Fault Zone before turning south towards the ocean.” 

 

The Santa Ana Mountains contain Mesozoic and Cenozoic geologic units which overly 

Mesozoic basement rocks forming the core of the mountains. As shown by Greenwood and 

Morton (1991), sedimentary units tend to be younger on the northwestern and western flanks 

of the Santa Ana Mountains. Older Cretaceous and Jurassic rocks are exposed east and south 

of the SR-91 project area.  On the flanks of the Santa Ana River Valley, at the project area, 

Tertiary and Quaternary sedimentary units are exposed as outcrops. Nearby Tertiary units 

include the Fernando Formation and Puente Formation, generally ranging from Pliocene to 

Miocene age. Tertiary units are generally composed of marine and possibly some nonmarine 

sandstone and siltstone beds.  Younger surficial Quaternary deposits, along the flanks and 

within the Santa Ana River Valley, include Quaternary older alluvial terrace deposits, older 

alluvium, and Holocene alluvium in the stream valley and tributary stream valleys. Landslide 

deposits are also present in the mountains and along the flanks above the stream valley. 

Artificial fill is also present along the entire SR-91 alignment. Quaternary alluvial terrace 

deposits are often composed of sand with gravel and pebbles and cobbles in clayey red sand 

and silt matrix. Alluvium is generally composed of interbedded sand, pebbly sand, gravel, 

silt, and clay. 
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Site Geology/Subsurface Conditions 

 

Artificial fill ranges from 18 to 37 ft thick (from approximate elevations +327.7 to 306 ft 

down to +291 to +288 ft) and consists of medium dense to very dense/very stiff to hard, 

sand, silty sand, gravel, sandy silt, and clay interlayers. Sporadic cobbles, wood fragments, 

and asphaltic concrete fragments were also observed in the fill material.  

 

From approximate elevations +291 to +288 ft down to elevations +276 to +271 ft, 

undifferentiated Recent and older Pleistocene alluvial soils (upper alluvial unit) consist of 

very soft to very stiff (trace hard)/medium dense, clay interbedded with minor clayey sand 

with sporadic gravel, sand, silty sand, and sandy silt. Underlying probable older Pleistocene 

terrace or alluvial sediments (middle alluvial unit) from approximate elevations +276 to 

+271 ft down to elevations +265 to +261 ft, consist of stiff to hard clay interlensed with 

minor medium stiff to stiff silt. The underlying older Pleistocene alluvial/terrace unit (lower 

alluvial unit), from elevations +261 to +255 ft down to elevations +251 to 246 ft, consists of 

very dense, gravel with silt and sand, containing cobbles and possible sporadic boulders. 

Below elevations +251 to +246 ft down to at least +232.7 ft, is a hard silt unit (possibly very 

soft siltstone from the lower Fernando Formation). The maximum boring depth extended 

down 86.4 ft (elevation +232.7 ft). 

 

Groundwater 

 

Rotary-wash boring R-10-006 was converted to a piezometer during our recent investigation 

in order to measure the groundwater elevation. Groundwater was measured at a depth of 53.0 

ft below Route 91 Freeway grade (elevation +274.7 ft) on June 14, 2010 as part of OGDS-

1’s recent field investigation. Groundwater was reported within 1967 As-Built penetration 

borings B-2, B-3 and B-4 as well as 1996 As-Built rotary wash boring B90. A summary of 

available groundwater elevations and dates the measurements were made are presented in 

Table 2. 
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Table 2 – Historic Review of Groundwater Elevation 

 

Exploration 
No. 

SR-91 
Centerline 

Station 

Offset from    
SR-91 

Centerline 
(ft) 

Approximate 
Original 
Ground 

Elevation    (ft) 

Groundwater 
Surface 

Elevation         
(ft) 

Date 
Measured 

R-10-006 189+80 100 Rt 327.7 274.7 06/14/10 

B90 187+80 2 Rt. 320.0 278.5 03/19/90 

B-2 199+26 80 Rt. 297.2
1
 278.5

1
 04/27/67 

B-3 187+90 79 Rt. 297.5
1
 278.7

1
 04/27/67 

B-4 188+23 62 Lt. 295.3
1
 277.2

1
 04/28/67 

1
All English unit elevations shown on the 1967 As-Built plans and LOTB elevations are based on 

assumed NGVD 1929 datum. As Built plan elevations were shifted by 2 feet to convert the elevations 
to current NAVD88 datum. 

 

Based on the historic groundwater review, OGDS-1 considers using design groundwater 

elevation of +278.7 ft for the subject bridge. 

 

Scour Evaluation 

 

Scour is not expected to be a design issue at this site since the foundations are not located in 

rivers/creeks or drainage channels. 

 

 

CORROSION EVALUATION 

 

Representative soil samples were tested for minimum resistivity, pH (CTM 643), soluble 

sulfate (CTM 422), and soluble chloride contents (CTM 417). Test results of the soil 

corrosivity are presented in Table 3. 

 

Table 3 – Corrosion Test Summary 

 

BORING 
SIC 

NUMBER 

MINIMUM 
RESISTIVITY 

(OHM-CM) 

pH 
CHLORIDE 
CONTENT 

(PPM) 

SULFATE 
CONTENT 

(PPM) 

A-10-005 NA 1600 7.71 NA NA 

R-10-006 NA 820 7.34 14 90 

R-10-007 NA 780 7.48 9 180 

Note: Caltrans currently considers a site to be corrosive to foundation elements if one or more of the following 
conditions exist. Chloride concentration is greater than or equal to 500 ppm, sulphate concentration is greater 
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than or equal to 2000 ppm, or the pH is 5.5 or less. It is the practice of Caltrans Corrosion Technology Section 
(with the exception of MSE Walls) if the minimum resistivity of the sample is greater than 1000 ohm-cm and 
the pH is greater than 5.5, the sample is considered to be noncorrosive.  
 

From the Corrosion Test Summary, it is concluded that the project site is non-corrosive to 

foundation elements.  

 

 

SEISMIC RECOMMENDATIONS 

 

Faulting and Seismicity 
 

 Based on the Caltrans Deterministic PGA Map (July 2009), the Peralta Hills Fault, Elsinore 

Fault Zone (Whittier section), and Elsinore Fault Zone (Chino section) are identified as the 

nearest seismic sources for this retaining wall site. The controlling deterministic scenario at 

this site is governed by multi-fault hazard.  Important fault parameters were obtained from 

Caltrans 2007 Fault Database and latest Fault Errata Report and summarized in Table 4. 

Site-to-fault rupture surface distances (rrup) were estimated for each nearby seismic source 

based on the above fault parameters. 

  

An analysis was performed to develop the ground motion parameters, including the 

Acceleration Response Spectrum (ARS) curve for the seismic design of the subject bridge 

widening. This analysis was performed in accordance with the procedures and requirements 

specified in Appendix B of the Caltrans’ 2009 Seismic Design Criteria (SDC, Version 1.5) 

for ordinary bridge structures, and utilizing the Caltrans ARS Online and spreadsheet tools 

and the Geotechnical Services Design Manual (2009), Version 1.0.   

  

The average shear wave velocity (Vs30) for the upper 100 feet of the subsurface profile was 

estimated to be about 260 m/sec.  This shear wave velocity was obtained by using empirical 

correlations presented in the above referenced Geotechnical Services Design Manual 

between the Standard Penetration Test (SPT) blow count number N and the soil shear wave 

velocity.  The soil layers and the corresponding SPT blow counts used in this analysis were 

based on the exploratory borings drilled at the site during the current investigation.   

 

Near-source factors were applied to all calculations based on the fault distances less than 25 

km.  The site is not located in a deep sedimentary basin as defined in the Seismic Design 

Criteria (SDC) Appendix B (Version 1.5) and no basin amplification was applied.  



MOHAMMAD RAVANIPOUR Route 91/90 Sep. (Widen), Bridge No.55-0474 

July 1, 2010 SR-91 FWY Widening Project 

Page 8 12-0G3301 

 

 “Caltrans improves mobility across California”  

Deterministic response spectra and probabilistic response spectrum (5% of probability of 

exceedance in 50 years or 975 year average return period) were developed using ARS online 

and spreadsheet tools. USGS deaggregation curve was generated for a structure fundamental 

period of 0 sec. The upper envelope of the spectral values for the USGS deagregation, 

deterministic and probabilistic responses, was used as the design response spectrum. The 

Design Peak Ground Acceleration (PGA) at the site is estimated to be 0.57 g. 

  

A summary of the seismic analyses are presented in Table 4 below and recommended ARS 

curve and tabular data are presented in Appendix A.  

 

 

 Table 4 – Seismic Analyses Summary 

 
Fault 

to Site 
Dist. 

Other ARS Parameters PGA (g’s) 

Basin 
Effects   

Determin. 
Controll. 
Fault & 
Fault ID 

MMax 
Fault 
Type 

Dip  
& 

Dir. RRUP       
(km) Z1.0  

(m) 
Z2.5 

(km) 

Hanging 
Wall 

Near 
Source 

Increase 
Deter. 

ARS 
Online 

USGS 
Deagg. 

Design 

Peralta 
Hills 

FID: 146 
6.2 R 

50° 
N 

1.95 Yes Yes 0.57 

Elsinore 
(Chino 

Section) 
FID: 242 

7.6 R 
50° 
W 

10.55 No Yes 0.37 

Elsinore 
(Whittier 
Section) 
FID: 241 

7.6 RLSS 
75° 
NE 

5.57 

NA NA 

No Yes 0.39 

0.45 0.54 0.57 

 

This office should be contacted with the structure natural period if ground motion 

degradation parameters are required. 

 

Surface Fault Rupture Hazard Evaluation 

 

The project site is not located within any CGS designated Earthquake Fault Zone (EFZ). The 

subject bridge site is not considered prone to surface fault rupture hazard; therefore, the 

possibility of surface fault rupture hazard at the bridge site is considered very low. 

 

Liquefaction  

 

The 7.5-minute Orange Quadrangle of the Seismic Hazard Zone Maps (Davis, 1999) 

indicates that the Route 91/90 Separation is underlain by potentially liquefiable soils.   
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OGDS-1 has performed a liquefaction analysis using design groundwater elevation of 

+278.7 ft for the subject bridge site. Considering the dense to very dense/stiff to hard and 

fine grained or clayey nature of the subsurface soil in the upper 50 ft, the liquefaction 

potential is considered to be low. 

 

 

AS-BUILT FOUNDATION DATA 

 

The As-Built foundation data for the original construction and median widening are shown 

in Table 5 and 6, respectively. The reinforced concrete seated abutments cantilever 

abutments are supported on driven concrete piles. Some of the concrete piles are battered at 

the abutments.  Axial capacities of the existing concrete driven piles were estimated using 

the method presented by American Petroleum Institute (API). 

 

Table 5 - As-Built Pile Data (1970) for Route 91/90 Separation (Orig. Construction) 

 
 

Support 

Location 

 

Design Load & 

Pile Type 

 

 

Bottom of Pile 

Footing 

Elevation     

(ft) 

 

Average Pile Tip 

Elevation 

(ft) 

Calculated 

Nominal Resistance in 

Compression 

(tons) 

Abut. 1 Right 

70-ton,              

12” Square 

Concrete Piles 

+303.0
1
 +258.3

1
 140 

Abut. 2 Right 
70-ton,              

12” Square 
Concrete Piles 

+303.7
1
 +256.6

1
 140 

Abut. 1 Left 
70-ton,              

12” Square 
Concrete Piles 

+300.5
1
 +258.3

1
 140 

Abut. 2 Left 
70-ton,              

12” Square 
Concrete Piles 

+300.0
1
 +256.6

1
 140 

Note:  

OGDS-1 verified the As-Built geotechnical nominal resistances in compression for existing driven piles.  
1
All English unit elevations shown on the 1967 As-Built plans and LOTB elevations are based on assumed 

NGVD 1929 datum. As Built plan elevations were shifted by 2 feet to convert the elevations to current 

NAVD88 datum. 
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Table 6 - As-Built Pile Data (1994) for Route 91/90 Separation (Median Widen) 
 

Support 

Location 

 

Design Load & 

Pile Type 

 

 

Bottom of Pile 

Footing 

Elevation     

(ft) 

 

Average Pile Tip 

Elevation 

(ft) 

Calculated 

Nominal Resistance in 

Compression 

(tons) 

Abutment 1 

70-ton,              

14” Square 

Concrete Piles 

+300.5 to 

+303.0 
+257.0 140 

Abutment 2 
70-ton,              

14” Square 
Concrete Piles 

+300 to +303.7 +257.0 140 

Note:  

OGDS-1 verified the As-Built geotechnical nominal resistances in compression for existing driven piles.  

 

 
FOUNDATION RECOMMENDATIONS 

  

The pile types, design loads, finish grade, and cut-off elevations were provided by OBDS2 

and summarized in Tables 7 and 8. The proposed widening can be supported on Class 140 

(Alternative X) driven concrete piles (12 inch square). Proposed pile geotechnical capacities 

are obtained by a combination of skin friction and end bearing (approximately 30% skin 

friction and 70% end bearing).  

 

Table 7 - Foundation Design Data Sheet 

 

Pile Cap Size 
(ft) 

Permissible 
Movement 

under 
Service Load 

(in) 

Support 
No. 

Design 
Method 

 
 

Pile Type 

Finish 
Grade 

Elevation 
(ft) 

Cut-off 
Elevation 

(ft) 

B L 
Vert. 
(in) 

Hori. 
(in) 

Number 
of Piles 

Per 
Support 

Abut. 1 

Left 
WSD 

Class 

140 
308 ± 300.75 12 33.5 ± 2 0.25 17 

Abut. 2 
Left 

WSD 
Class 

140 
309 ± 300.25 12 39.7 ± 2 0.25 20 

Abut. 1 
Right 

WSD 
Class 

140 
312 ± 303.25 12 26.0 ± 2 0.25 18 

Abut. 2 

Right 
WSD 

Class 

140 
311 ± 304.00 12 20.7 ± 2 0.25 14 
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Table 8 - Foundation Design Loads 

 
Service I Limit State 

Loads                         

(Kips) 

Strength Limit State Loads 
(Controlling Group) 

(Kips) 

Extreme Limit State Loads 
(Controlling Group) 

(Kips) 

Total Load 

 

Permanent 

Load 
Compression Tension Compression Tension 

Sup. 

No. 

 
Per 

Support 

Max

. Per 

Pile 

Per 

Support 

Per 

Suppor

t 

Max. 

Per 

Pile 

Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Max 

Per 

Pile 

Per 

Support 

Max 

Per 

Pile 

Abut 1 

Left 
1907 138 1676 N/A N/A N/A N/A N/A N/A N/A N/A 

Abut 2 
Left 

2211 139 1866 N/A N/A N/A N/A N/A N/A N/A N/A 

Abut 1 
Right 

1612 137 1382 N/A N/A N/A N/A N/A N/A N/A N/A 

Abut 2 

Right 
1308 139 1193 N/A N/A N/A N/A N/A N/A N/A N/A 

 

Axial capacities of the proposed Class 140 concrete driven piles at abutment were estimated 

using the method presented by American Petroleum Institute (API). The computer program 

APILE for Windows, V4.0 by ENSOFT Inc. was used for estimating the pile lengths for 

compression capacity.  Lateral load capacities for the proposed piles were calculated using 

the computer program LPILE for Windows, V5.0 by ENSOFT Inc. 

 

Foundation Design Recommendations and Pile Data Table for each support are provided in 

Table 9 and 10, respectively. 

 

Table 9 - Foundation Design Recommendation 

 

LRFD Service-I 
Limit State Load 

(kips) per Support Support Pile 
Cut-off 
Elev. 
 (ft) 

Total Permanent 

LRFD Service-
I Limit State 
Total Load 

(kips) per Pile 
(Compression) 

Nominal 
Resistance 

(kips) 

Design Tip  
Elevations 

(ft) 

Specified 
Tip 

Elevation  
(ft) 

Nominal 
Driving 

Resistance 
Required  

(kips) 

Abut. 1 
Left 

Class 
140 

Alt. X 
300.75 1907 1676 138 280 

256.0 (a) 
262 .0 (b) 
NA     (c) 

256.0 280 

Abut. 2 
Left 

Class 
140 

Alt. X 
300.25 2211 1866 139 280 

253.0 (a) 
255.0 (b) 
NA    (c) 

253.0 280 
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Abut. 1 
Right 

Class 
140 

Alt. X 
303.25 1612 1382 137 280 

254.0 (a) 
256.0 (b) 
NA    (c) 

254.0 280 

Abut. 2 
Right 

Class 
140 

Alt. X 
304.00 1308 1193 139 280 

254 (a) 
255 (b) 
NA (c) 

254 280 

Notes:   
1. The tip elevations shown above are for Class 140 (Alternative X) driven precast concrete piles.  
2. Design tip elevations presented above were determined based on the following requirements: (a) Compression, (b) 
Settlement, and (c) Lateral Load.  
3. Design tip elevation for Lateral Load will be provided by Structures Design 

 

 

Table 10 - Pile Data Table 

 
Nominal Resistance 

(kips) Location 
 

Pile Type 
 

Compression Tension 

Design Tip 
Elevation                      

(ft) 

Specified Tip 
Elevation    

(ft) 

Nominal 
Driving 

Resistance 
(kips) 

Abut. 1 
Left 

Class 140 
(Alt. X) 

280 0 256.0 (a), 262.0 (b), NA (c) 256.0 280 

Abut. 2 
Left 

Class 140 
(Alt. X) 

280 0 253.0 (a), 255.0 (b), NA (c) 253.0 280 

Abut. 1 
Right 

Class 140 
(Alt. X) 

280 0 254.0 (a), 256.0 (b), NA (c) 254.0 280 

Abut. 2 
Right 

Class 140 
(Alt. X) 

280 0 254 (a), 255 (b), NA (c) 254.0 280 

Notes:   
1. The tip elevations shown above are for Class 140 (12 inch square) driven precast concrete piles.  
2. Design tip elevations presented above were determined based on the following requirements: (a) Compression, (b) 
Settlement, and (c) Lateral Load.  
3. Design tip elevation for Lateral Load will be provided by Structures Design 
 

 

Lateral Geotechnical Capacity 
 

The allowable horizontal resistance of the proposed 12 inch square concrete Class 140 piles 

for a 0.25 inch service limit deflection for a free-head (pinned) condition can be taken as 5 

kips per Bridge Design Section (BDS) 4.5.6.5.1.  

 

ABUTMENT WINGWALLS 

 

Axial capacities of the proposed Class 90 (Alt. X) 12-inch concrete driven piles at wingwalls 

were estimated per the request of OBDS2. Foundation Design Recommendations and Pile 

Data Table for wingwall foundations are provided in Table 11 and Table 12, respectively.   
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Table 11 – Foundation Design Recommendation for Wingwalls 

 

LRFD Service-I 
Limit State Load 

(kips) per 
Support 

Nominal 
Driving 

Resistance 
Required  

(kips) 

Support Pile 

Bottom of 
Footing 

Elevation 
(ft) 

Total Permanent 

LRFD Service-I 
Limit State Total 
Load (kips) per 

Pile 
(Compression) 

Nominal 
Resistance 

(kips) 

Design Tip  
Elevations 

(ft) 

Specified 
Tip 

Elevation  
(ft) 

 

Abut. 1 
Left 

Class 
90 

Alt. X 

305.42 -

309.42 
NA NA 71 150 262.0 262.0 150 

Abut. 2 
Left 

Class 
90 

Alt. X 

304.92 -
308.92 

NA NA 71 150 255.0 255.0 150 

Abut. 1 
Right 

Class 
90 

Alt. X 

307.75 - 
319.92 

NA NA 71 150 256.0 256.0 150 

Abut. 2 
Right 

Class 
90 

Alt. X 

308.50 - 

320.67 
NA NA 71 150 255.5 255.5 150 

Notes:   
1. The tip elevations shown above are for Class 90 (Alternative X) driven precast concrete piles.  
2. Design tip elevation presented above was determined only for compression capacity.  

 

 

Table 12 – Pile Data Table for Wingwalls 

 
Nominal Resistance 

(kips) Location 
 

Pile Type 
 

Compression Tension 

Design Tip 
Elevation                      

(ft) 

Specified Tip 
Elevation    

(ft) 

Nominal 
Driving 

Resistance 
(kips) 

Abut. 1 
Left 

Class 90 

Alt. X 
150 0 262.0 262.0 150 

Abut. 2 
Left 

Class 90 

Alt. X 
150 0 255.0 255.0 150 

Abut. 1 
Right 

Class 90 

Alt. X 
150 0 256.0 256.0 150 

Abut. 2 
Right 

Class 90 

Alt. X 
150 0 255.5 255.5 150 

Notes:   
1. The tip elevations shown above are for Class 90 (Alternative X) driven precast concrete piles.  
2. Design tip elevation presented above was estimated only for compression capacity. 
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Lateral Earth Pressure On Retaining Walls 

 

The lateral earth pressure provided below is for backfill that conforms to Caltrans Standard 

Specifications for Structure Backfill. The equivalent fluid weight of 35 pcf may be used to 

estimate lateral earth pressure against retaining walls/wingwalls with level backfill and an 

active earth pressure condition. For a 2:1 (H:V) sloping backfill condition, an equivalent 

fluid weight of 50 pcf may be used. 

 

The above values do not include other surcharge loads resulting from foundations, structures, 

and traffic.  Lateral pressures resulting from a uniform vertical surcharge behind the wall 

should be added as a horizontal pressure with a rectangular distribution and calculated using 

a lateral earth pressure coefficient of 0.30, if the wall is free to rotate. 

 

 

TEMPORARY EXCAVATIONS 

 

Excavations during construction should be carried out in such a manner that failure and 

excessive ground movement do not occur. The excavation for proposed construction could 

be performed either by laying back existing material at suitable slope ratios or with shoring. 

Based on the subsurface materials observed in our investigation we recommend that 

excavations shallower than 20 feet should be sloped back at ratios no steeper than 1:1 

(horizontal: vertical) or as field conditions dictate to provide a safe and stable slope. Any 

shallow failure of the slope should be brought to the attention of the geotechnical engineer 

immediately for appropriate remedial action. This office should be contacted if the proposed 

construction requires excavations deeper than 20 feet. 

 

Where there is insufficient space for open excavations or unsafe conditions are expected, 

shoring should be used to support the excavation using the lateral earth pressures presented 

in the Lateral Earth Pressure on Retaining Walls section above. 

 

Surcharge loads from vehicles, and stockpiled material should be kept away from the top of 

temporary excavations a distance equal to at least one half of the excavation depth.  Surface 

drainage should be controlled along the top of the temporary excavations to prevent 

excessive wetting and erosion of excavation faces.  
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CONSTRUCTION CONSIDERATIONS 

 

1. Pile tip elevations presented above were estimated assuming Class 140 driven precast 

concrete piles would be used to support the proposed widening.  Note that recommended 

specified pile tip elevations are specific to the 12” square precast concrete piles.  If any other 

type of pile is used, the recommended tip elevations should be reevaluated and revised as 

necessary.   

 

2. Prior to driving each pile, drilling to assist driving (Standard Specifications in Section 49 

1.05) will be required to obtain the specified penetration.  Any drilling to assist driving, shall 

not extend beyond the recommended elevation listed in Table 13  

 

Table 13 – “Drilling to Assist Driving” Elevations 

 

Support 

Location 

Elevation of  

Bottom of Hole                      

(ft) 

Abut 1 Left 290 

Abut 2 Left 290 

Abut 1 Right 290 

Abut 2 Right 290 

 

There is a potential for caving in the drilled holes which may affect installation of the piles. 

The structures representative shall contact the geotechnical designer of this structure five (5) 

working days in advance of the drilling operations to schedule a representative from 

Geotechnical Design South 1 for the inspection and verification of the excavated holes prior 

to driving any piles. Drilling to assist pile driving should help with pile installation through 

very dense/hard layers containing  sporadic gravel, cobbles, possible boulders, and hard clay. 

 

3. Fill should be placed as specified in Section 19-6 of the Caltrans Standard Specifications 

(May 2006).  Any imported materials used for widening of the approach fill, should be tested 

during grading to assess expansion potential. Only non-expansive soils or soils having a low 

expansion potential (EI<50) should be used in the Soil Expansion Exclusion Zone in bridge 

approach embankment and within 10ft of the roadbed sub-grade elevation. 
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The recommendations contained in this report are based on specific project information 

regarding foundation loading, pile and pile footing locations, type, and elevations that have 

been provided to OGDS-1, Branch D. If any conceptual changes are made during final 

project design, this office should review those changes to determine if these foundation 

recommendations are still applicable. 

 

If you have any questions or comments, please call Pratheep Piratheepan at (213) 620-2363 

or Joe Pratt at (213) 620-2313 or Shiva Karimi at (213) 620-2146. 

 

Prepared by:  Date: 07/01/2010  Supervised by: Date: 07/01/2010 

 

 

 

 

 

 

Pratheep Piratheepan, P.E., G.E.   Shiva Karimi, Ph.D., P.E., G.E.,  

Transportation Engineer    Senior Transportation Engineer  

Office of Geotechnical Design South 1  Office of Geotechnical Design South 1 

Branch D      Branch D 

 

Prepared by:  Date:  07/01/10 

 

 

 

 

Joe Pratt, C.E.G. No. 2141   

Engineering Geologist 

Office of Geotechnical Design South 1 

Branch D 
cc:  

District Project Manager Leo Chen Leo_Chen@dot.ca.gov 

GS Corporate Mark Willian Mark_Willian@dot.ca.gov 

Structure Construction R.E. 

Pending File 
Ken Bocchicchio RE_Pending_File@dot.ca.gov 

DES Office Engineer, Office of 

PS&E 
Jack Young Jack_Young@dot.ca.gov  

District Materials Engineer Behdad Baseghi behdad_baseghi@dot.ca.gov 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

DESIGN ARS CURVE 

 

 



R
o

u
te

 9
1
/9

0
 S

e
p

a
ra

ti
o

n
 

1
2
-O

R
A

-9
1
-P

M
 1

1
.5

3
; 

E
A

: 
1
2
-0

G
3
3
0
1

D
E

S
IG

N
 R

E
S

P
O

N
S

E
 S

P
E

C
T

R
U

M
 (

5
%

 d
a
m

p
in

g
)

0

0
.2

0
.4

0
.6

0
.81

1
.2

1
.4

0
0
.5

1
1
.5

2
2
.5

3
3
.5

4
4
.5

5

P
e

ri
o

d
 (

s
e

c
)

Spectral Acceleration (g)

A
R

S
 o

n
lin

e
 P

ro
b
a
b
ili

s
ti
c

U
S

G
S

 D
e
a
g
g
re

g
a
ti
o
n
 2

0
0
8
 (

B
e
ta

) 
P

ro
b
a
b
ili

s
ti
c

D
e
te

rm
in

is
ti
c
 R

e
s
p
o
n
s
e
 S

p
e
c
tr

u
m

D
e
s
ig

n
 R

e
s
p
o
n
s
e
 S

p
e
c
tr

u
m

S
it

e
 I

n
fo

L
a
ti

tu
d

e
  

  
 :

 3
3
.8

5
4
3
7
7

L
o

n
g

it
u

d
e
  

: 
-1

1
7
.7

9
0
5
3
4

S
h

e
a
r-

w
a
v
e
 V

e
lo

c
it

y

V
S
 =

 2
6
0
 m

/s

B
a
s
in

 D
e
p

th
s

Z
1

.0
 =

 N
A

Z
2

.5
 =

 N
A



Route 91/90 Separation (Wid.)

Br. No. 55-0474

12-ORA-91-PM 11.53; EA: 12-0G3301

Envelope Data

Period SA
(s)

0.010 0.5660

0.020 0.5780

0.022 0.5850

0.025 0.5930

0.029 0.6020

0.030 0.6050

0.032 0.6120

0.035 0.6210

0.036 0.6240

0.040 0.6340

0.042 0.6390

0.044 0.6450

0.045 0.6480

0.046 0.6510

0.048 0.6560

0.050 0.6610

0.055 0.6720

0.060 0.6820

0.065 0.6930

0.067 0.6980

0.070 0.7050

0.075 0.7170

0.080 0.7300

0.085 0.7430

0.090 0.7570

0.095 0.7700

0.100 1.0068

0.110 0.8080

0.120 0.8360

0.130 0.8620

0.133 0.8690

0.140 0.8850

0.150 0.9060

0.160 0.9230

0.170 0.9380

0.180 0.9520

0.190 0.9640

0.200 1.2455

0.220 0.9870

0.240 0.9970

0.250 1.0000

0.260 1.0030

0.280 1.0070

0.290 1.0080

0.300 1.1814

0.320 1.0070

0.340 1.0030



Route 91/90 Separation (Wid.)

Br. No. 55-0474

12-ORA-91-PM 11.53; EA: 12-0G3301

Envelope Data

Period SA
(s)

0.350 1.0010

0.360 0.9980

0.380 0.9920

0.400 0.9850

0.420 0.9800

0.440 0.9750

0.450 0.9730

0.460 0.9700

0.480 0.9650

0.500 0.9646

0.550 0.9300

0.600 0.9040

0.650 0.8790

0.667 0.8710

0.700 0.8550

0.750 0.8330

0.800 0.8100

0.850 0.7930

0.900 0.7780

0.950 0.7640

1.000 0.7520

1.100 0.6980

1.200 0.6530

1.300 0.6140

1.400 0.5800

1.500 0.5500

1.600 0.5230

1.700 0.5000

1.800 0.4780

1.900 0.4590

2.000 0.4410

2.200 0.4000

2.400 0.3660

2.500 0.3510

2.600 0.3380

2.800 0.3130

3.000 0.2920

3.200 0.2710

3.400 0.2530

3.500 0.2450

3.600 0.2370

3.800 0.2230

4.000 0.2100

4.200 0.2010

4.400 0.1930

4.600 0.1850

4.800 0.1790

5.000 0.1720



State of California       Business, Transportation and Housing Agency 

 

M e m o r a n d u m Flex your power! 
 Be energy efficient! 

 

To: MOHAMMED RAVANIPOUR     Date:   July 12, 2010 

 Office of Bridge Design South 2 

         File: 12-ORA-91-PM R14.4 

     12-0G3301 

Weir Canyon Road 

Undercrossing (Widen) 

Bridge No. 55-0505R/L  

Attention: Wei-Kung Hsia       

 
From: DEPARTMENT OF TRANSPORTATION 

 DIVISION OF ENGINEERING SERVICES 

 Geotechnical Services 

Office of Geotechnical Design - South 1  

Branch D 

  

Subject:  Foundation Report for Weir Canyon Road Undercrossing (Widen), State Route 91 

“Caltrans improves mobility across California”  
 

  

INTRODUCTION 

This Foundation Report (FR) was prepared in response to your memorandum dated October 13, 

2009 requesting geotechnical recommendations for the proposed widening of Weir Canyon Road 

Undercrossing (Bridge No. 55-0505R/L) at State Route 91. 

 

SCOPE OF WORK 

 

The recommendations contained in this report are based on the subsurface information gathered 

during the recent field investigation performed in January 2010. Tasks completed by the Office of 

Geotechnical Design South 1 (OGDS1), Branch D include the following:  

 
1. Review of the regional geology and seismicity, 

2. Review of previous geological/geotechnical reports and As-Built plans in the project area 

to evaluate the pertinent subsurface information, 

3. Drilling, logging, and sampling of four hollow stem auger borings at the subject bridge site 

to characterize the subsurface conditions, 

4. Laboratory testing of selected soil samples for unit weight, index properties, corrosivity, 

and shear strength, and 

5. Geotechnical engineering analysis and preparation of this report.  

 
PROJECT DESCRIPTON  

The project is part of planned improvements to SR-91 in the Cities of Anaheim and Yorba Linda, 

Orange County. In this project, Weir Canyon Road Undercrossing structures (Br. No. 55-

0505R/L) of the eastbound (EB) and westbound (WB) SR-91 would be widened outwards for the 

purpose of adding general-purpose lanes to SR-91 from SR-55 to SR-241.    
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Based on the information provided by the Office of Bridge Design South 2 (OBDS2), we 

understand that the widths of additions to WB and EB SR-91 structures at Weir Canyon Road 

undercrossing will be variable, ranging from about 7.5 to 14 feet and 17.3 to 31 feet, respectively.  

The additions would be supported on Caltrans Standard Class 140 piles driven to suitable depths.   

 

The information provided by OBDS2 indicates that the proposed widening would require the 

construction of 4 wing walls at each of the bridge abutments and one retaining wall at Abutment 1 

of the EB SR-91 Bridge.  OBDS2 indicates that they are proposing Caltrans Standard Type 1 

Walls for the wing walls and a non-standard wall supported on a shallow footing for the retaining 

wall. 

 

FIELD INVESTIGATION AND TESTING PROGRAM 

  

The site-specific field exploration was performed January 2010. The field investigation included 

drilling and sampling four 8-inch diameter hollow stem auger borings to depths ranging from 21.5 

feet to 81.5 feet. Samples were obtained from the borings using a Standard Penetration Test (SPT) 

sampler, modified California Sampler (a split-barrel sampler with a 2-inch internal diameter) and 

by collecting drill cuttings (bulk samples). SPT and modified California samples were typically 

taken at 5-foot vertical intervals and the blow counts for driving the samplers were recorded. The 

samplers were driven with an automatic 140-lb hammer having a drop of 30 inches. A Caltrans 

drill rig, CME 85, was used for drilling all 4 borings. 

 

District 12 Surveys provided the location and elevation of the borings. Boring information, 

including boring number, stationing, offset, ground surface elevation, boring depth, and date 

drilled are summarized in Table 1 below. All data below are rounded to the nearest 0.1 ft. All 

elevations provided within this report and proposed project plans are based on NAVD88 datum. 

 

Table 1 – Summary of Borings Information 

 

Boring No. Station 

(ft) 

Offset 

(ft) 

Reference Line Surface 

Elev. (ft) 

Depth 

(ft) 

Date 

Drilled 

A-10-001 344+75.0 254.6 Lt S/L EB Rte. 91 

(“D1” Line) 

386.7 20.2 01/06/10 

A-10-002 343+22.8 89.7 Lt S/L EB Rte. 91 

(“D1” Line) 

400.2 62 01/06/10 

A-10-003 341+31.5 72.5. Rt S/L WB Rte. 91 

(“E1” Line) 

402.6 81 01/05/10 

A-10-004 339+71.4 285.3 Rt S/L WB Rte. 91 

(“E1” Line) 

391.4 21.5 01/07/10 

 
LABORATORY TESTING PROGRAM 

 

Selected soil samples were sent to the Department’s Transportation Laboratory in Sacramento and 

District 7 Materials Laboratory for testing. All laboratory tests were performed in accordance with 
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applicable ASTM and California Test Methods. The summarized laboratory tests data are shown 

in Table 2, below. 

 

Table 2 – Summary of Laboratory Tests 

 

Test Standard No. of  Test Performed 

Moisture Content/Unit Weight CTM 226 1 

Mechanical Analysis CTM 202, 203 10 

Atterberg Limits CTM 204 4 

Corrosion CTM 417, 422, 532 2 

R-Value CTM 301 2 

Consolidated Undrained 

Triaxial Shear 

ASTM D4767 1 

Direct Shear ASTM D3080 1 

  
 SITE GEOLOGY AND SUBSURFACE CONDITIONS 

 

Regional Geology 

 

The project site lies along the southern margin of the Santa Ana River Valley adjacent to the 

northern flank of the Santa Ana Mountains and south of the Chino/Puente Hills. The Santa Ana 

Mountains, and the site, are part of the Peninsular Ranges Geomorphic Province. Leighton 

Consulting (April 28, 2004) mentions that “The Peninsular Ranges Province is characterized by 

elongate northwest-trending mountain ridges separated by sediment-floored valleys. The 

northwest-trending Santa Ana Mountains are a large flexure, which has been uplifted on its eastern 

side along the Whittier-Elsinore Fault Zone, producing a tilted, irregular and complex highland 

that generally slopes westward toward the sea. The Whittier-Elsinore Fault Zone separates the 

Santa Ana Mountains, to the south, from the Puente/Chino Hills. The Santa Ana River flows 

westward through this separation created by the Whittier-Elsinore Fault Zone before turning south 

towards the ocean.” 

 

The Santa Ana Mountains contain Mesozoic and Cenozoic geologic units which overly Mesozoic 

basement rocks forming the core of the mountains. As shown by Greenwood and Morton (1991), 
sedimentary units tend to be younger on the northwestern and western flanks of the Santa Ana 

Mountains. Older Cretaceous and Jurassic rocks are exposed east and south of the SR-91 project 

area.  On the flanks of the Santa Ana River Valley, at the project area, Tertiary and Quaternary 

sedimentary units are exposed as outcrops. Nearby Tertiary units include the Miocene Puente 

(Sycamore Canyon and Yorba Members) and Topanga Formations composed of marine and 

possibly some non-marine sandstone and siltstone beds and some conglomerate lenses.  Younger 

surficial Quaternary deposits, along the flanks and within the Santa Ana River Valley, include  

older Quaternary alluvium and Holocene alluvium in the stream valley and tributary stream 

valleys. Landslide deposits are also present in the mountains and sporadically along the flanks 
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above the stream valley. Artificial fill is also present along the entire SR-91 alignment. Alluvium 

is generally composed of interbedded sand, sand with gravel, gravel, silt, and clay. 

 

Site Subsurface Conditions 

 

The subsurface conditions at the subject site were interpreted from the information obtained from 

the current investigation and the 1971 and 1996 As-Built Logs of Test Borings for the subject 

bridge.  A brief description of the interpreted subsurface conditions is presented below. 

 

At the Right Bridge abutment locations (EB Rte. 91), the site is underlain by approximately 20 to 

30 foot thick artificial fill (from approximate elevations 402 to 393 feet down to about 365-375 

feet).  For the Left Bridge abutment locations (WB Rte. 91), the site is underlain by approximately 

15 foot thick artificial fill (from approximate elevations 388 to 392 feet down to about 375 to 385 

feet). Boring A-10-002 (drilled at Abutment 3 of the Left Bridge) was drilled with surface 

elevation about 400 feet and fill was about 15 ft thick. Existing fill was placed for the freeway 

embankment. Fill consists of medium dense to dense, silty sands, and stiff to very stiff sandy clays 

and silts with trace to little amounts of gravel and minor sporadic cobbles. Below approximate 

elevations 370 to 385 feet, alluvium underlies the abutment fills and structural section of Weir 

Canyon Road. Alluvial soils can generally be divided into two units at the site. The upper alluvial 

unit, from approximate elevations 365 to 385 down to 355 to 360 feet, typically consists of 

medium dense to very dense sands with silt and gravel and sporadic cobbles and minor clayey 

sand interlayered with very stiff silt and clay. The lower alluvial unit ranging from elevations 355 

to 30 feet down to Elevation 322 feet, which is the maximum depth of exploration, consists of 

dense to very dense sands, silty sands and clayey sands with gravel and cobbles and sporadic 

boulders. 

 

Groundwater 

 

Groundwater was not encountered during the January 2010 field investigation. The deepest boring 

(Boring A-10-003) extended down 80.9 ft down to elevation 321.7 feet. The January 1968 As- 

Built LOTB for the original bridge shows that groundwater was not encountered at elevations 

above 345 feet, which was the maximum depth of that exploration. The March 1990 geotechnical 

investigation for the median widening also shows groundwater was not encountered above 

elevation 334.5 feet, which was the maximum depth of exploration. 

 

CORROSION EVALUATION 
 

Corrosivity tests indicated that the site soils are non-corrosive to concrete and metals as shown in 

Table 3 below.  
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Table 3 – Corrosion Test Summary 

 

Exploration 

No. 

Sample 

Depth  

(ft) 

PH 

Minimum 

Resistivity  

(ohm – cm) 

Sulfate 

Content 

(PPM) 

Chloride 

Content 

(PPM) 

A-10-002 40.0 – 46.5 7.80 6600 N/A N/A 

A-10-003 76.0 – 76.5 7.51 1300 N/A N/A 
Note: Sulfate and Chloride tests were not performed as per Caltrans guidelines for samples with resistivity > 1000 

ppm and pH>5.5. 

 

SEISMICITY 

 
Surface Rupture Hazards 

 

The project site is located in a seismically active area of Southern California.  However, no known 

fault passes through or extends toward the bridge site.  Therefore, seismic hazard potential 

associated with ground surface rupture due to fault movements during earthquakes is considered 

low at this site. 

 
Ground Motion Hazards 

  
The Whittier-Elsinore fault (WEE), is the nearest active seismic source to the site. The Chino 

Section and Whittier Section of WEE are located 4.5 miles and 1.3 miles from the site, 

respectively and each is capable of generating Maximum Moment Magnitude (Mmax) of 7.6. 

 

A seismic hazard analysis was performed to develop the ground motion parameters, including the 

Acceleration Response Spectrum (ARS) curve for the seismic design of the bridge structure.  This 

analysis was performed in accordance with the procedures and requirements specified in Appendix 

B of the Caltrans’ 2009 Seismic Design Criteria (SDC, Version 1.5) for ordinary bridge structures, 

and utilizing the “Caltrans ARS Online” and the Geotechnical Services Design Manual (2009), 

Version 1.0.  The ARS-Online tools and other related documents posted at http://10.160.173.178 

/shake2/shake_index2.php and http://10.160.173.178/shake2/technical.php were utilized in this 

analysis. The average shear wave velocity (Vs30) for the upper 100 feet of the subsurface profile, a 

parameter needed for this analysis, was estimated to be about 300 m/sec.  The shear wave velocity 

was obtained by using empirical correlations with SPT blow counts, presented in the above 

referenced Geotechnical Services Design Manual.  The SPT blow counts used in this analysis 

were based on the exploratory borings drilled at the site for the current geotechnical investigation. 

 

Results of this analysis showed that for structure periods T<1.8 sec, deterministic ARS curve 

corresponding to the Elsinore Fault Zone (Chino Section) is controlling.  For T>1.8, the 

deterministic ARS curve from the Elsinore Fault Zone (Whittier) section is controlling.  The 

combined curve (envelope) as shown in Figure 2 is recommended for the design of this structure.  

Relevant fault parameters and the controlling period ranges for each of the two faults are also 

presented in Figure 2. It should be noted that the Peak Ground Acceleration (PGA) for the ARS is 
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about 0.67g due to the Mmax of moment magnitude 7.6 with a site-to-rupture surface distance 

(Rrup) of about 7.2 km 

 

The Peak Ground Acceleration (PGA) corresponding to a 5% probability of exceedance in 50 

years (return period =949 yrs) and the associated relevant parameters evaluated using the 2008 

USGS interactive Deaggregation Tool (Beta) are summarized in Table 4 below. 

 
Table 4 - Probabilistic Peak Ground Acceleration (PGA) 

Modal Earthquake Mean Earthquake 
PGA (in g) 

Mmode Rrup Mmean Rrup 

0.67 6.99 1.8 6.73 6.7 

 

 

       

  
  Figure 1 - Recommended ARS Curve for Weir Canyon Undercrossing of SR-91 

 

Soil Liquefaction 

Due to the absence of water within the subsurface to a depth of about 81 feet and the presence of 

dense to very dense sands at depths, the liquefaction potential at the site is considered low.  
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AS-BUILT FOUNDATION DATA 

 

As-Built drawings (1971) for the original right and left bridges indicate that the abutments and the 

bents of the left (WB Rte. 91) and right (EB Rte. 91) bridges are supported on 12-inch square 

driven concrete piles (70 tons design load).  For the 1996 widening driven Class 70 piles (14 inch 

square driven PC/PS concrete) were used for support. The As-Built foundation data are shown in 

Tables 5 and 6 below. 

 

Table 5 - As-Built Pile Data (1971) for Weir Canyon Road UC, Br. No. 55-0505R/L 

(Original Bridge) 

 

Support 

Location 

Design Load & 

Pile Type 

Bottom of 

Pile Ftg. 

Elev. (ft) 

Predrilled 

to Elev.  

(ft) 

Ave. Pile 

Tip Elev. 

(ft) 

Calculated 

Nominal Resist. 

in Comp. (ton)
 1

 

Abutment 1 Rt. 

Bridge (EB) 

70-ton, 12 inch 

Sq. Driven Conc. 

388.5 367.75 346.84 140 

Bent 2 Rt. 

Bridge (EB) 

70-ton, 12 inch 

Sq. Driven Conc. 

375.0 N/A 349.94 140 

Abutment 3 Rt. 

Bridge (EB) 

70-ton, 12 inch 

Sq. Driven Conc. 

393.0 377.25 359.03 140 

Abutment 1 Lt. 

Bridge (WB) 

70-ton, 12 inch 

Sq. Driven Conc. 

383.0 374.25 353.18 140 

Bent 2 Lt. 

Bridge (WB) 

70-ton, 12 inch 

Sq. Driven Conc. 

369.0 349.25 347.50 140 

Abutment 3 Lt. 

Bridge (WB) 

70-ton, 12 inch 

Sq. Driven Conc. 

384.5 369.75 359.17 140 

Note:  

 OGDS-1 verified the As-Built geotechnical nominal resistances in compression for existing driven piles. 
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Table 6 - As-Built Pile Data (1996) for Weir Canyon Road UC (Median Widen), Br. No. 55-

0505R/L 

 

Support 

Location 

Design Load & 

Pile Type 

Bottom of the 

Pile Footing 

Elevation (ft) 

Average Pile 

Tip Elevation 

(ft) 

Calculated 

Nominal Resist. in 

Comp. (ton)
1
 

Abutment 1 Rt. 

Bridge (EB) 

70-ton, 14 inch 

Square Driven 

PC/PS Concrete 

386.0 349.0 140 

Bent 2 Rt. Bridge 

(EB) 

70-ton, 14 inch 

Square Driven 

PC/PS Concrete 

373.5 to 374.0 347.0 140 

Abutment 3 Rt. 

Bridge (EB) 

70-ton, 14 inch 

Square Driven 

PC/PS Concrete 

391.0 352.0 140 

Abutment 1 Lt. 

Bridge (WB) 

70-ton, 14 inch 

Square Driven 

PC/PS Concrete 

381.0 349.0 140 

Bent 2 Lt. Bridge 

(WB) 

70-ton, 14 inch 

Square Driven 

PC/PS Concrete 

370.3 351.0 140 

Abutment 3 Lt. 

Bridge (WB) 

70-ton, 14 inch 

Square Driven 

PC/PS Concrete 

382.5 356.5 140 

 Note:  

 OGDS-1 verified the As-Built geotechnical nominal resistances in compression for existing driven piles. 

 

FOUNDATION RECOMENDATIONS 
 

Abutment and Bent Foundations 
 

The geotechnical capacities of the proposed piles were evaluated for Class 140 piles using the 

design loads provided by the OBDS2.  Caltrans Standard Plans indicate that Class 140 piles could 

consist of several different pile types.   At the time of the report, the type of pile to be used for the 

proposed widening was not known.  Therefore, the geotechnical capacities and the corresponding 

pile tip elevations presented in the report were computed assuming that standard 15-inch octagonal 

concrete piles (Alternative Y) would be used for the proposed widening.  If the pile types used by 

the contractor are different from the assumed, the tip elevations recommended in this report should 

be modified as necessary.   

 

Tables 7A and 7B present the design loads provided by OBDS2.    
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Table 7A - Foundation Data-Left Bridge (WB SR-91) 

 

General Foundation Information 

Pile Cap 

Size 

 

(ft) 

Permissible 

Movement 

under 

Service Load 

(in) 

Support 

No. 

Design 

Method 

 

 

Pile 

Type 

Finish 

Grade 

Elevation 

(ft) 

Cut-off 

Elevation  

 

(ft) 

B L Vert. 

(in) 

Horizon. 

(in) 

Number 

of Piles 

Per 

Support 

Abut 1 WSD 
Class 

140 
388.5 385.0 2.5 7.6   1 0.25 2 

Bent 2 LRFD 
Class 

140  
376.0 370.0 10 12   1 0.25 10 

Abut 2 WSD 
Class 

140 
389.0 385.0 2.5 

14.

4 
  1 0.25 4 

 

 

Foundation Design Loads 

Service I Limit State 

Loads (Kips) 

Strength Limit State Loads 

(Controlling Group) 

(Kips) 

 

Extreme Limit State Loads 

(Controlling Group) 

(Kips) 

 
Total 

Load 

 

Permanen

t Load 

Compression 

 

Tension 

 

Compression 

 

Tension 

 

Supp

ort 

No. 

 
Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Per 

Support 

Max. 

Per 

Pile 

Per 

Suppo

rt 

Max. 

Per 

Pile 

Per 

Support 

Max 

Per 

Pile 

Per 

Support 

Max 

Per 

Pile 

Abut 1 
 

260 130 

 

113 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

Bent 2 
624 66 

 

368 

 

899 

 

94 

 

0 

 

0 

 

469 

 

124 

 

0 

 

-122 

Abut 2 384 96 

 

173 

 

 N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A N/A 

 

N/A N/A 
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Table 7B - Foundation Data- Right Bridge (EB SR-91) 

 

General Foundation Information 

Pile Cap 

Size 

(ft) 

Permissible 

Movement 

under 

Service Load 

(in) 

Support 

No. 

Design 

Method 

 

 

Pile 

Type 

Finish 

Grade 

Elevation 

(ft) 

Cut-off 

Elevation 

(ft) 

B L Vert. 

(in) 

Horizon. 

(in) 

Number 

of Piles 

Per 

Support 

Abut 1 WSD 
Class 

140 
397.0 390.5 6. 32.3   1 0.25 12 

Bent 2 LRFD 
Class 

140  
386.0 377.5 12.0 20.5   1 0.25 24 

Abut 2 WSD 
Class 

140 
400.0 394.0 6.5 17.6   1 0.25 8 

 

 

Foundation Design Loads 

Service I Limit 

State Loads (Kips) 

Strength Limit State Loads 

(Controlling Group) 

(Kips) 

 

Extreme Limit State Loads 

(Controlling Group) 

(Kips) 

 
Total 

Load 

 

Permanent 

Load 

Compression 

 

Tension 

 

Compression 

 

Tension 

 

Support 

No. 

 
Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Max. 

Per 

Pile 

Per 

Support 

Max 

Per 

Pile 

Per 

Support 

Max 

Per 

Pile 

Abut 1 
 

967 109 

 

640 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

 

N/A 

Bent 2 120

5 

50 

 

930 

 

2092 

 

94 

 

0 

 

0 

 

1156 

 

99 

 

0 

 

-115 

Abut 2 759 119 

 

429 

 

 N/A N/A 

 

N/A N/A 

 

N/A N/A 

 

N/A 

 

N/A 

 
OGDS1 computed the pile lengths based on the above pile data, loading and the observed 

subsurface conditions.   The computer program APILE was used for estimating the pile lengths. 

The results of the analysis are presented in Table 8A and 8B below. 
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Table 8A - Pile Data Tables for Left Bridge (WB SR-91) 

 

Abutments 

Support 

Location 

Pile 

Type 

Finished 

Grade 

Elevation 

(ft) 

Cut-off 

Elevation 

 (ft) 

Required 

Nominal 

Resistance 

(Kips) 

Required 

Driving 

Resistance 

(Kips) 

Design Tip 

Elevations 

(ft) 

Specified 

Tip 

Elevation 

(ft) 

Abut 1 
Class 

140 
388.5 385.0 260 260 

352 (a) 

362 (b) 

365 (c) 

352 

Abut 3 
Class 

140  
389.0 385.0 260 260 

352 (a) 

362 (b) 

365 (c) 

352 

Notes:  

1 The tip elevations shown above are for 15-inch octagonal precast concrete piles.  For other types of Class 140 

piles, tip elevations would be different and should be evaluated by OGDS1.  

  

2. Design tip elevations presented above were estimated based on the following requirements: (a) Compression, (b) 

Settlement, and (c) Lateral Load.  

                                    

Bent 

Support 

Location 

Pile 

Type 

Finished 

Grade 

Elevation 

(ft) 

Cut-off 

Elevation 

(ft) 

Required 

Factored 

Resistance 

(kips) 

 

Required 

Driving 

Resistance 

(Kips) 

Design  

Tip 

Elevations
 

(ft) 

Specified 

Tip 

Elevation 

(ft) 

Bent 2 
Class 

140 
376.0 370.0 

94 (a-I) 

124 (b-I) 

-122 (b-II) 

66 (c) 

340 

346 (a-I) 

357 (b-I) 

335 (b-II) 

361 (c) 

359 (d) 

335 

Notes:  

1. The tip elevations shown above are for 15-inch octagonal precast concrete piles.  For other types of Class 140 

piles, tip elevations would be different and should be evaluated by OGDS1.  

  

2. Design tip elevations presented above were estimated based on the following requirements: (a-I) Compression 

(Strength Limit), (a-II) Tension (Strength Limit), (b-I) Compression (Extreme Event), (b-II) Tension (Extreme 

Event), (c) Service/Settlement, and (d) Lateral Load. 
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Table 8B - Pile Data Tables for Right Bridge (EB SR-91)  

 

Abutments  

Support 

Location 

Pile 

Type 

Finished 

Grade 

Elevation 

(ft) 

Cut-off 

Elevation 

 (ft) 

Required 

Nominal 

Resistance 

(Kips) 

Required 

Driving 

Resistance 

(Kips) 

Design Tip 

Elevations 

(ft) 

Specified 

Tip 

Elevation 

(ft) 

Abut 1 
Class 

140 
397.0 390.5 218 260 

351 (a) 

362 (b) 

365 (c) 

351 

Abut 3 
Class 

140  
400.0 394.0 238 240 

359 (a) 

367 (b) 

369 (c) 

359 

Notes:  

1. The tip elevations shown above are for 15-inch octagonal precast concrete piles.  For other types of Class 140 piles, 

tip elevations would be different and should be evaluated by OGDS.  

 

2. Design tip elevations presented above were estimated based on the following requirements: (a) Compression, (b) 

Settlement, and (c) Lateral Load.  

 

Bent 

Support 

Location 

Pile 

Type 

Finished 

Grade 

Elevation 

(ft) 

Cut-off 

Elevation 

(ft) 

Required 

Factored 

Resistance 

(kips) 

 

Required 

Driving 

Resistance 

(Kips) 

Design  

Tip 

Elevations
 

(ft) 

Specified 

Tip 

Elevation 

(ft) 

Bent 2 
Class 

140 
386.0 377.5 

94 (a-I) 

99 (b-I) 

-115 (b-II) 

49 (c) 

320 

355 (a-I) 

371 (b-I) 

343 (b-II) 

364 (c) 

363 (d) 

343 

Notes:  

1 The tip elevations shown above are for 15-inch octagonal precast concrete piles.  For other types of Class 140 

piles, tip elevations would be different and should be evaluated by OGDS. 

  

2. Design tip elevations presented above were estimated based on the following requirements: (a-I) Compression 

(Strength Limit), (a-II) Tension (Strength Limit), (b-I) Compression (Extreme Event), (b-II) Tension (Extreme 

Event), (c) Service/Settlement, and (d) Lateral Load. 

 

Wing Wall Footings 

 
We are of the opinion that the proposed wing walls could be supported on shallow spread footings, 

provided that they are founded on competent subgrade materials.  Based on our investigation, we 
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recommend that the subgrade of the wing wall footings be overexcavated by the amounts shown 

below to remove desiccated and loose/soft materials. All overexcavations should extend at least 1 

foot beyond the footing perimeters. 

 

Table 9 - Wing Wall Footings Overexcavations 
 

Location of Wing Wall Overexcavation Depth 

(feet) 

Left Bridge- Abutment 1 1 

Left Bridge- Abutment 3 3 

Right Bridge- Abutment 1 3 

Right Bridge- Abutment 3 1 

  

RETAINING WALL 

 

The draft PS&E dated July 7, 2010 indicates that the retaining wall proposed at the Abutment 1 of 

the Right Bridge (EB SR-91) would be founded on a shallow footing. Drawings also indicate that 

the wall backfill has a 1:2 (V: H) upward slope and wall stem has a 24:1 (V:H) batter in the back.  

Based on the above information we recommend using an active lateral earth pressure of 50 pcf for 

the design of the wall. 

 

The subsurface soils at the wall subgrade are likely to consist of stiff sandy clays.  Due to potential 

compressibility of these materials we recommend overexcavating the subgrade soils by a minimum 

of 4 feet and backfilling with structural fill placed to a minimum relative compaction of 95 percent.  

The overexcavation should also extend at least 4 feet beyond the perimeter of the footing. We 

estimate that a subgrade prepared as above would have an allowable bearing pressure of 3.5 ksf.      

 

TEMPORARY EXCAVATIONS 

 

The excavation for proposed construction could be performed either by laying back at suitable 

slope ratios or with shoring. Based on the subsurface materials observed in our investigation we 

recommend that excavations should be sloped back at ratios no steeper than 1:1. Any shallow 

failure of the slope should be brought to the attention of the geotechnical engineer immediately for 

appropriate remedial action.  

 

Alternatively, excavations could be performed with shoring using the lateral earth pressures 

presented in the section for lateral earth pressure on retaining walls of this report.  

 

CONSTRUCTION CONSIDERATIONS 

 

• Pile tip elevations presented above were estimated assuming 15-inch octagonal driven 

precast concrete pile would be used for supporting the proposed widening.  As such it 
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should be noted that the recommended tip elevations are specific to the assumed pile type.  

If any other type of pile is used, the recommended tip elevations should be reevaluated and 

revised as necessary.  

 

• Prior to driving each pile, drilling to assist driving (Standard Specifications in Section 49 

1.05) will be required to obtain the specified penetration.  Any drilling to assist driving, 

shall not extend beyond the recommended elevation listed in Table 10.  

 

Table 10 – “Drilling to Assist Driving” Elevations 

 

Support Location Elevation of  

Bottom of Hole                      

(ft) 

Abut 1 Left 357 

Abut 3 Left 357 

Bent 2 Left 340 

Abut 1 Right 356 

Abut 3 Right 364 

Bent 2 Right 348 

 

  

• There is a potential for caving in the drilled holes which may affect installation of the piles.   

The structures representative shall contact the geotechnical designer of this structure five 

(5) working days in advance of the drilling operations to schedule a representative from 

OGDS1 for the inspection and verification of the excavated holes prior to driving any 

piles. Drilling to assist pile driving should help with pile installation through very 

dense/hard layers containing sporadic gravel, cobbles, possible boulders, and hard clay. 

 

• Fill should be placed as specified in Section 19-6 of the Caltrans Standard Specifications 

(May 2006).  Any imported materials used for widening of the approach fill, should be 

tested during grading to assess expansion potential. Only non-expansive soils or soils 

having a low expansion potential (EI<50) should be used in the Soil Expansion Exclusion 

Zone in bridge approach embankment and within 10 feet of the roadbed sub-grade 

elevation. 

 

The recommendations contained in this report are based on specific project information that has 

been provided by the Office of Structure Design. If any conceptual changes are made during final 

project design, the office of Geotechnical Design South 1 should review those changes to 

determine if these foundation recommendations are still applicable. 
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If you have any questions or need further information, please contact Gamini Weeratunga at (949) 

440-3427 or Shiva Karimi at (213) 620-2146. 

 

Prepared by:  Date: 07/12/2010  Supervised by:  Date: 07/12/2010 

 

 

 

 

 

 

Gamini Weeratunga G.E.     Shiva Karimi, Ph.D., P.E., G.E. 

Transportation Engineer    Senior Transportation Engineer 

Office of Geotechnical Design – South 1  Office of Geotechnical Design – South 1 

Branch D      Branch D 

 

 

 

Prepared by:  Date:  07/12/2010 

 

 

 

 

Joe Pratt, C.E.G. No. 2141   

Engineering Geologist 

Office of Geotechnical Design South 1 

Branch D 

 

cc:  
District Project Manager Leo Chen Leo_Chen@dot.ca.gov 

GS Corporate Mark Willian Mark_Willian@dot.ca.gov 

District Construction R.E. 

Pending File 
Karl Lindquist Karl_Lindquist@dot.ca.gov 

Structure Construction R.E. 

Pending File 
Ken Bocchicchio RE_Pending_File@dot.ca.gov 

DES Office Engineer, Office of 

PS&E 
Jack Young Jack_Young@dot.ca.gov  

District Materials Engineer Behdad Baseghi behdad_baseghi@dot.ca.gov 
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State of California Business, Transportatiuu and Housing Agency 

M e m o r a n d u m  

To: ANDREW OSHRIN, CHIEF 
District 12 Design Branch D 

Flex yourpower! 
Be energy efficient! 

Date: November 30,2009 

File: 12-ORA-91-PM 9.1f15.1 
EA 12-063301 

Attcntion:Ms. Ann Truong 

From: DEPARTMENT OF TRANSPORTATION 
DIVISION OF ENGINEERING SERVICES 
Geotechnical Services 
Office of Geotechnical Design - South 1 

Subject: Geotechnical Design Report for Proposed Sound Wall from Station 207+73 to Station 
285+00 and Storm Water Treatment Basins adjacent to Eastbound SR-91 Freeway, 
City of Anaheim, Orange County 

1. INTRODUCTION 

In response to your memorandum, dated February 24, 2009 and subsequent 
discussions, the Office of Geotechnical Design-South 1 (OGDSl), Branch D has 
prepared this Geotechnical Design Report (GDR) containing our recommendations for 
the above improvements within State Route 91 (SR-91) right of way. 

Based on the above memorandum, subsequent communications with your office and 
the 35 percent plans (Plans), we understand that the improvements include 
constructing a 14 to 16-foot high, 7727-foot long, sound wall and 4 storm water 
treatment basinsldevices (Treatment Basins). The west end of the wall is located 
approximately 1900 feet east of SR-91-Imperial Highway Intersection and the east end 
of the wall is located approximately 2000 feet west of the Weigh Station at Post Mile 
13.741. Plans indicate that the Treatment Basins would be located south and north of 
SR-91, in the vicinity of Stations 200, 206 and 210. The "Project" and "Project Site" 
as referred to in this report describes the work associated with above work and the area 
within the State right of way from the Imperial Highway Intersection to the east end of 
the wall, respectively. 

A set of cross sections of the freeway and the adjacent area within SR-91 right of way, 
taken at 50-foot intervals, indicate that the wall would be constructed on top of an 
embankment proposed to be constructed on an existing drainage channel running near 
the south edge of SR-91 right of way. These cross sections, dated August 8, 2009, 
indicate that the height of the proposed embankment varies from less than 1 foot to 
about 8 feet, as measured from the lowest adjacent grade at the embankment toe. The 
sides of the embankment are sloped at 1:2 (vertical to horizontal) with a crest width of 
6 feet. The Plans also indicate that two different sets of stationing, one along the "A" 
line of SR-91 and the other along the proposed sound wall, have been used for the 

'"Cnlrro,tr improver mobility oemss California" 
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design. The stationing referred to in the GDR is based on the stationing system along 
the "A" line of SR-9 1. 

The location of the Project is shown on Figure 1, Site Location Map. 

2. SCOPE OF WORK 

The scope of work for this report included the following tasks: 

1. Field reconnaissance and subsurface exploration with 13 bore holes. 

2. Laboratory testing of representative soil samples for relevant geotechnical 
engineering properties. 

3. Evaluation of site geotechnical conditions as regards to the suitability for the 
proposed Project. 

4. Preparation of this Geotechnical Design Report (GDR) summarizing ow 
findings, conclusions and recommendations. 

3. PHYSICAL SETTING AND GEOLOGY OF THE AREA 

3.1 Topography and Drainage 

The Project Site lies on alluvial deposits located along the southern edge of the Santa 
Ana River. The* topography of site within the Project limits is generally flat. The 
freeway is located on a fill, which is several feet above the adjacent ground. The grade 
on the south side of the freeway is generally flat with a very gentle southward gradient 
to the drainage channel along the right of way line. The site elevation at the alignment 
of the sound wall ranges from about 287 feet, MSL at the west end to about 318 feet, 
MSL at the east end. The Santa Ana Mountains lie to the south of the Project Site. 

The drainage in the Project Site typically flows from the east to the west along the 
Santa Ana River flood plain, which is in turn dissected by minor drainages joining 
with the river at right angles from the Santa Ana Mountains to the south and the 
Puente Hills to the north. 

3.2 General Geology of the Area 

The Project Site is underlain by Quaternary alluvium most likely derived from the 
surrounding Santa Ana Mountains and Puente Hills. The alluvium consists of medium 
dense to very dense silty sand, sand and gravel with minor amounts of soft to stiff 
clay. It should be noted that given the geologic history of the area, lenses of cobbles 
and boulders may be encountered in the subsurface strata throughout the Project area. 
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4. GEOTECHNICAL INVESTIGATION 

4.1 Field Exploration 

A field exploration was conducted at the site between June 2,2009 and June 11,2009 
to characterize subsurface materials and obtain soil samples for geotechnical 
laboratory tests. The exploration consisted of drilling ten hollow stem auger borings 
and three rotary wash borings. 

Samples were obtained from the borings, typically at 5-foot intervals, using a 
modified California Dive Sampler (Drive Sampler) having an internal diameter of 2 
inches and a Standard Penetration Test (SPT) Sampler. The samples were driven 
using successive blows of a 140-lb, automatic hammer dropping 30 inches. Caltrans 
drill rig model CME 85 was used. Samples were visually inspected, logged and 
shipped to the Caltrans laboratory for geotechnical testing. Tests were assigned on 
representative samples to characterize subsurface soils and obtain engineering 
properties needed for the geotechnical computations. 

Approximate locations of the borings are presented in Figure 2, Boring Locations. 
The stationing, top elevations and depths of the borings and groundwater table are 
summarized in Table 2 below and the logs are provided in Appendix A. 

b-09-013 1 281+76.4 1 125.5 RT 1 314.5 1 36.5 1 19.0 
Note: 1.The stationing, offsets and elevations of the bonngs are based on the survey results provlded by the 

office of Dl2 Survey. Stationing used for boring locations is based on the stationing along "A" Line 
of Route 91. 

2. ** indicates that the depth to groundwater was not measured in the borings. 
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4.2 Laboratory Testing 

The laboratory tests conducted on selected representative samples consisted of the 
following. 

Plasticity Index, CTM 204 
Mechanical Analysis, CTM 201,202,203 
Corrosion, CTM 417,422,532 

The results of the laboratory tests are presented in Appendix B. A summary of the 
laboratory tests is presented in Table 3 below. 

I I I I I I 

A-09013 I S6 1 30.0-31.5 1 SM 1 20:41: 39 1 33 1 9 

Note' ** - GR.SA.FI indicates percentages of gravel, sand and fines, respectively. 
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ANDREW OSHRIN, CHIEF 
November 30,2009 
Page 5 

Sound Wall for Eastbound SR-91 
EA 12-OG3301 

4.3 Site Subsurface Conditions 

The site subsurface conditions were evaluated from the visual observations made 
during the logging of borings and the laboratory classification tests performed on 
representative samples. The observations and tests indicated that the site soils consist 
predominantly of granular materials, viz. sands (SP, SP-SM), silty sands (SM) and 
clayey sands (SC) with varying amounts of gravel. Our visual observations indicated 
that near surface soils (to depths ranging up to about 3 to 5 feet) are generally loose. 
The SFT blow counts indicate that the density of sands at depths below 5 feet ranges 
from medium dense to very dense. In the depth range between 5 feet below the ground 
surface (BGS) and 15 feet, BGS, the majority of materials appear to be medium dense 
sands. From a depth of about 15 feet, BGS to the maximum depth explored (51.5 feet), 
majority of the materials consist of dense to very dense sandy soils. However, the 
borings indicated the presence of several layers of medium dense sandy soils in this 
depth zone. Our investigation indicated the presence of a soft to medium stiff sandy 
claylclay to sandy silttsilt layer, at a depth of about 20 to 25 feet, approximately from 
Station 236 to Station 267. The thickness of the layer was observed to range from less 
than 5 feet to more than 10 feet. 

Groundwater was encountered in the borings at depths ranging from about 14 feet to 
19 feet, BGS. We performed a search to estimate the historic high groundwater levels 
at the site. However, in this search, we were able to find groundwater records for the 
Project area only for the last few years (from 2003 to present). These records, 
maintained by the Orange County Water District at htt~:/lwww.ocwd.com/ca- 
172.aspx, indicate that the historic groundwater levels observed during the above 
period are very similar to the groundwater levels observed during this investigation. 
Based on our investigation and the review of historical data, we estimate the elevation 
of the groundwater table to range from about 274 feet to about 295 feet at the west end 
and the east end of the Project Site, respectively. 

5.0 CONCLUSIONS AND RECOMMENDATIONS 

The conclusions and recommendations for the proposed construction are presented 
here based on our observations and testing performed in the current investigation and 
the review of pertinent existing geotechnic'al information of the Project area. Based 
on the findings, our conclusions on the gwtechnical concerns at the site as regards to 
proposed Project and the recommendations are presented below. 

5.1 Grading for Treatment Basins 

Plans indicate that Treatment Basins would be constructed by excavating the relatively 
flat ground to the south and north of SR-91, near Stations 200,206 and 210. Based on 
the discussions with Environmental Planning of District 12, we understand that the 
basin slopes would be built at gradients of about 1:3 (vertical: horizontal). 

"Colrmnr improves mDbiiiry ocross Coifornia" 
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Based on the our observations, knowledge of the subsurface conditions of the area and 
the field exploration for the Project, we conclude that the subsurface soils at the 
Treatment Basin locations consist predominantly of sands (SP and SW) and silty sands 
(SM) to a depth of about 15 feet, BGS. Although, these materials have a low 
resistance against surficial instability, due to the low slope gradient (1V:3H), the 
potential for surficial failures on the excavated slopes is low. However, these 
materials are highly erodible and therefore the surface run-off, either as a sheet flow or 
as a concentrated flow, should not be directed over the Treatment Basin slopes. 

The elevations of the groundwater tables at the proposed Treatment Basins at Stations 
200, 206 and 210 are estimated to be about 270 feet, 272 feet and 274 feet, MSL, 
respectively. 

5.2 Grading for Embankment Construction 

As stated in Section 4.3, the near-surface soils are typically loose. We are of the 
opinion that these loose sands, silty sands and clayey sands could experience 
hydroconsolidation under the loading from the proposed construction. Therefore, we 
recommend overexcavating the area receiving the embankment to a depth of about 1 
foot below the ground surface on either side of the existing drainage channel. The 
overexcavations should also extend 1 foot beyond the embankment footprint. 
Following overexcavation, the exposed bottom should be scarified to a depth of 6 
inches, moisture conditioned and recompacted to the minimum compaction level 
stated below. The overexcavations can be bacs~lled with compacted excavated 
materials provided that they are free of organic and other deleterious materials. We 
recommend that the bottom of the channel lining be punctured with holes no smaller 
than 1 foot in diameter and located at 6-foot spacings or less to drain any water seeped 
in to the embankment. Alternatively, the bottom of the channel can be demolished, if 
necessary, for the construction of proposed wall piles. 

The fill material for embankment may consist of silty sands, clayey sands, sandy clays 
andlor sandy silts. The site materials can be used for the embankment construction 
provided that the fine content of the materials is at least 15 percent. The embankment 
fill should be placed in horizontal or nearly horizontal layers and compacted to a 
minimum relative compaction of 95 percent as determined by Caltrans 216 Test 
Method. The side slopes of the embankment could either be overbuilt and trimmed 
back to the lines and grades shown in the plans or alternatively placed to the lines and 
grades shown in the plans with slope surface compacted to the above compaction 
levels. 

Our review of Plans indicated that the proposed embankment would have a top width 
of 6 feet and 1:2 (vertical: horizontal) side slopes. Detail B15-1 of the Standard Plans 
indicates that the embankment top width should be a minimum of 2 feet wider than the 
footing width. Therefore, if the proposed sound wall is to be founded on shallow 
footings on top of the embankment, the 6-foot width would not be sufficient to 
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accommodate footings wider than 4 feet. The project designers indicated that it is 
difficult to increase the footprint (bottom width) of the embankment due to right of 
way considerations and the adjacent structures. Considering this, we propose using 
shallow foundations in areas where the embankment top width is adequate and deep 
foundations in the remaining areas. The deep foundations proposed for the wall can 
consist of Cast-in-Drilled Hole (CIDH) piles provided in Caltrans Standard Plans. The 
wall segments supported on shallow footings and deep foundations should be 
structurally separated to mitigate any potential distress due to abrupt differential 
settlements between them. 

5 3  Settlement Considerations 

The weight of the proposed embankment would cause settlement in the subsurface 
soils and the adjacent existing structures. The existing structures that could potentially 
experience settlement due to the construction of the embankment include the retaining 
wall and the sound walls of the residential properties located to the south of the 
proposed sound wall. Our evaluation of the expected settlements along the proposed 
embankment alignment and the existing structure locations is presented below. 

Our geotechnical investigation indicated that the subsurface materials at the 
construction site consist predominantly of granular soils except approximately 
between Stations 236 and 267, where a relatively thick compressible fie-grained soil 
layer was observed at depth on the order of 20 to 25 feet, BGS. Due to the presence of 
the fine grained layer this segment of the Project will have higher settlements. The 
settlements of areas with and without the compressible layer are discussed separately. 

From Station 207 to 236 and from Stations 267 to 284 

Total and differential settlements underneath the embankment crest are estimated 
to be less than 1 inch and 95 inch, respectively. The settlement is anticipated to be 
over concurrently with the completion of embankment construction. The 
differential settlement is estimated for a 40-foot long span. 

Total and differential settlements of the existing retaining wall are anticipated to 
be about % inch and % inch respectively. 

The settlement along the exiting sound wall is anticipated to be negligible. 

From Station 236 to 267 

Total settlement underneath the embankment crest is estimated to range from 1% 
inches to 2% inches, respectively. The differential settlement over a 40-foot long 
span is estimated to be about 1% inches. We expect this settlement to continue to 
occur beyond the embankment construction period, with the bulk of it occurring 
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within about 8 to 10 weeks following the completion of the embankment 
construction. 

Total and differential settlements of the existing retaining wall are anticipated to 
be about linch and % inch, respectively. 

Total and differential settlements of the existing sound wall are anticipated to be 
about % inch and % inch, respectively. 

We are of the opinion that the existing retaining and sound walls are capable of 
withstanding the above differential settlements without a structural damage. 
Therefore, we do not recommend modifications to the proposed embankment 
configuration or location. However, we recommend installing 2 settlement 
monuments one at Station 240 and the other at Station 257 to verify that the actual 
settlements are comparable to the estimates. We also recomrncnd constructing the 
embankment between Stations 236 and 267 first, to minimize delays to the Project 
schedule arising out of any "waiting periods" for structure construction. 

5.4 Seismic Hazards 

A seismic hazard analysis was not conducted for this Project since distress to the 
proposed wall under a strong ground motion is not anticipated to be critical. However, 
the potential seismic hazards at the site and their consequences on the proposed 
construction are presented here for information. 

Potential seismic hazards at the site consist of strong ground motion and resulting 
liquefaction. Due to proximity to potentially active faults, we are of the opinion that 
the site could potentially experience strong ground motions with resulting liquefaction 
of some of the medium dense granular subsurface soils. Consequences of a 
liquefaction include sand boils, settlement and lateral deformation/spreading. In the 
case of a liquefaction of site soils, we believe the proposed sound wall would 
experience settlement. Due to the relatively flat grade at the site and the depth to the 
liquefiable soils, the potential for a lateral displacement of the wall and the 
embankment is considered low. Considering the above, we are of the opinion that 
though the wall could experience distress following liquefaction, the probability of a 
collapse would be remote. 

5.5 Foundation Recommendations 

Our review of Plans indicated that the proposed embankment would have a top width 
of 6 feet and 1:2 (vertical: horizontal) side slopes. Detail B15-1 of the Standard Plans 
indicates that the embankment top width should be a minimum of 2 feet wider than the 
footing width. Therefore, if the proposed sound wall is to be founded on shallow 
footings on top of the embankment, the 6-foot width would not be sufficient to 

"CaNmns improver mnbifiry across Cal$orniu" 
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accommodate footings wider than 4 feet. The project designers indicated that it is 
difficult to increase the footprint (bottom width) of the embankment due to right of 
way considerations and the adjacent structures. Considering this, we propose using 
shallow foundations in areas where the embankment top is adequately wide and deep 
foundations in the remaining areas. The deep foundations proposed for the wall can 
consist of Cast-in-Drilled Hole (CIDH) piles provided in Caltrans Standard Plans. 

The wall segments supported on shallow footings and deep foundations should be 
structurally separated to mitigate any potential distress due to abrupt differential 
settlements between them. The recommendations for the two alternative foundation 
systems are presented below. 

Shallow Footings 

The shallow footings indicated in Detail B15-1 Caltrans Standard Plans can be used 
for the sound wall provided that the top width of the embankment is adequate to 
accommodate footing widths. As per Standard Plans, the top of the footing should be 
kept a minimum of 6 inches below the embankment crest and the edges of the footing 
be kept a minimum of 1 foot from the edges of the crest. 

The embankment material compacted as stated in Section 5.2 would provide a 
competent subgrade for the footing. However, if any isolated loose or soft zones were 
observed during subgrade preparation, such zones should be eliminated by reworking. 

In the case of shallow footings, planned directly on the existing grade or on low 
embankment segments, the overexcavations should be performed to provide a 
minimum of 2 feet of compacted fill underneath the footing. 

Waiting periods for footing construction is not anticipated, provided that the wall 
between Station 236 and 267 is constructed with structural separations spaced no 
further than 50 feet apart. 

CIDH Pile Foundations 

If increasing the top width of the embankment is not feasible, the sound wall should be 
founded on pile foundations. Based on the site conditions, we recommend that the 
wall be constructed on CIDH piles per Details B15-3 through B15-5. The piles are 
expected to penetrate into the medium dense sandy native materials, located below the 
embankment fill. Considering the above, we recommend using a friction angle of 35 
degrees for selecting pile details and spacing from the table for Case 2 in Detail B 15- 
3. 

Although, caving is not anticipated within the embankment fill, significant caving 
could occur in the portions of the drill hole in the underlying native soils. Therefore, 
the contractor should use appropriate methods to prevent caving. Based on our 
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investigation, we do not anticipate encountering of groundwater at depths shallower 
than 13 feet from the existing ground level in the western half of the wall and 16 feet 
from the ground level in the eastern half of the wall. 

Since the pile foundations do not extend to the dense layers below the compressible 
fine grained layer, settlement experienced by a wall founded onCIDH pile would be 
similar to a wall founded on shallow footings. However, as stated above, waiting 
periods for footing construction is not anticipated, provided that the wall between 
Station 236 and 267 is constructed with structural separations spaced no further than 
50 feet apart. 

Laboratory corrosion tests indicate that the site soils are not corrosive to metals and 
reinforced concrete. However, imports for the embankment construction should be 
tested for corrosivity and appropriate protection measures be taken. 

6. CONSTRUCTION CONSIDERATIONS 

We recommend that the designers consider the following during the construction. 

Overexcavation of native soils along the proposed embankment may encroach the 
influence zones of the existing retaining wall footings. The influence zones of the 
retaining wall footing may be taken as the zone bounded within a 1:l downward 
plane starting from the edge of the footing. In areas where, the overexcavations 
encroach the influence zone, the excavations should be approved by a geotechnical 
engineer to reduce the risk of distress to the retaining wall. Based on his 
observations, the geotechnical engineer may revise the overexcavation 
recommendations including the limits and depths. In addition, in areas where the 
proposed overexcavations may trigger a potential instability of the existing 
retaining wall, excavations in slots may be needed. We recommend that the Office 
of construction contact our office for geotechnical consultation during 
constmction, as necessary, particularly in regard to the need for slot cutting, and 
modifications to the depths and limits of overexcavations. Although, we do not 
anticipate any major modifications to the overexcavation depths recommended in 
this report, some minor field modifications may be needed based on observed 
conditions. 

Shallow footings of the sound wall should be founded on a minimum of 2 feet of 
compacted fill. At locations, where the embankment height is low or where the 
sound wall is planned directly on the existing grade, the overexcavations should be 
sufficiently deep to provide 2 feet of compacted fill underneath the footing. 

a The drill holes for CIDH piles may experience caving in native soils. The 
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contractor may use an appropriate collstmction method to mitigate caving. The 
methods that are acceptable include the use of soil-cement mixes and redrilling, 
slurry construction and casings. Prior to construction, the contractor should 
submit the details of CIDH pile construction procedure for the engineer's 
approval. 

If you have any questions or comments, please contact Gamini Weeratunga at (949) 
440- 3427 or Shiva Karimi at (213) 620-2146. 

Supervised by: Date: fZ- 0 7- 09 

zgk& @d9 
,.f Shiva Karimi, Ph.D, P.E., GE, Chief 

Senior Transportation Engineer 
Geotechnical Design South 1 

Branch D BranchD 

Attachments: Figure 1: Site Location Map 
Figure 2: Bori~ig Locations Map 
Appendix A: Boring Logs 
Appendix B: Laboratory Test Results 

Cc: GS File Sacramento (MS-5) 
OGDS1 - Los Angeles (2) 
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APPENDIX A 
Boring Logs 
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Laboratory Test Data 
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State of California       Business, Transportation and Housing 

Agency 
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To: MOHAMMAD RAVANIPOUR   Date: July 12, 2010 

 Bridge Design South 2 

         File: 12-ORA-91-PM 9.1/15.1 

         EA 12-0G3301 

 Attention: Wei-Kung Hsia     Sound Wall Nos. 224, 242, 262

     

 
From: DEPARTMENT OF TRANSPORTATION 

 DIVISION OF ENGINEERING SERVICES 

 Geotechnical Services 

Office of Geotechnical Design – South 1 

  

Subject:  Addendum to Geotechnical Design Report for Proposed Sound Wall from Station 207+73 to 

Station 285+00, adjacent to Eastbound SR-91 Freeway, City of Anaheim, Orange County 

 

Reference: Geotechnical Design Report for Proposed Sound Wall from Station 207+73 to Station 

285+00 and Storm Water Treatment Basins adjacent to Eastbound SR-91 Freeway, City of 

Anaheim, Orange County, prepared by Office of Geotechnical Design – South 1, dated November 

30, 2009 

“Caltrans improves mobility across California”  
 

 

In response to the Office of Structure Design (SD) request transmitted to the Office of 

Geotechnical Design–South 1 (OGDS1), Branch D via email on April 29, 2010, OGDS1, 

Branch D has prepared this addendum to the referenced report containing our foundation 

recommendations for the Sound Walls 224, 242 and 262.  

 

Sound Walls 224, 242, 262 are relatively short segments of the sound wall stated in the 

referenced document (Main Sound Wall) and will be designed to span over 3 existing culverts. 

Main Sound Wall including the above segments will be constructed on top of an embankment 

proposed along the right-of-way line south of Eastbound SR-91 Freeway.  Except at the above 

segments, Main Sound Wall will be supported on Caltrans Standard Cast-in-Drilled-Hole 

(CIDH) piles, installed at a regular spacing indicated on Standard Plans. Due to larger pile 

spacing required at the above culvert locations, the standard piles would not be adequate to 

support the above sound walls.  Therefore, the above sound walls have to be supported on non-

standard CIDH piles designed using the imposed structure loads and the subsurface conditions 

at the respective locations. Plans, elevations (dated 5/05/10), and Foundation Design Data 

Sheets/Foundation Design Loads (dated 4/29/2010) provided by SD were used in our analysis. 

Table 1 indicates the locations and heights of the sound walls. 

 

Table 1: Sound Wall Information 

Location Begin Station  

“A1” 

End Station 

“A1” 

Height  

(ft) 

Boring used 

SW 224 224+04.63 244+44.62 12.5 A-09-003 

SW 242 242+80.56 243+28.56 12.5 R-09-005 

SW 262 292+82.56 263+26.56 11 A-09-009 
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SD indicated that the piles would be designed primarily for the vertical loading. Therefore, 

ODDS1 estimated the pile lengths using the vertical loading provided by SD. The permissible 

settlement provided by SD for the piles was 1 inch. Since the piles would be installed through 

a newly constructed embankment, a downdrag load induced from a 7-foot thick fill was 

considered in computing the Nominal Resistance. In addition, OGDS1 estimated the lateral 

response of the piles using lateral loads provided by SD.  Computer program, SHAFT Version 

5.0 was used to estimate the pile lengths and the program LPILE, plus 5.0 was used to 

evaluate lateral response under the specified conditions. A summary of pile tip elevations and 

lateral responses is shown in Tables 2 and 3. 

  

Table 2: Pile Data Table 

(1)  

 

Table 3– Design Parameters from Lateral Analysis 

Maximum Bending Moment/ 

Depth to Maximum Moment 
Maximum Shear Force 

Design 

Location 

Lateral 

Displacement 

at Top of Pile 

(Inch) 
Fixed Head 

(in-kips/inch) 

Free Head 

(in-kips/inch) 

Fixed Head 

(kips) 

Free Head 

(kips) 

SW 224 0.19 N/A 486.3 N/A 13.0 

SW 242 0.19 N/A 484.0 N/A 13.0 

SW 262 0.19 N/A 482.6 N/A 13.0 

Notes: The parameters presented in the table are for a single pile. 

 

 

 

 

 

 

 

 

Nominal Resistance (kips) 

Location 
Pile 

Type 

Finished 

Grade 

Elev. 

 (ft) 

Cut-off 

Elev. 

(ft) Compression Tension 

Design 

Tip Elev. 

(ft) 

Specifi

ed Tip 

Elev. 

(ft) 

SW 224 
18” 

CIDH 
295.00 293.83 63 N/A     

 

270.93         

 

271 

SW 242 
18” 

CIDH 
299.00 297.83 63 N/A 274.93 275 

 

SW 262 

 

18” 

CIDH 
311.00 306.33 63 N/A 283.33 283 
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Please contact Gamini Weeratunga at (949) 440- 3427 or Shiva Karimi at (213) 620-2146 

regarding any questions you may have on this report. 

 

 

Prepared by:  Date: 7/12/2010  Supervised by:  Date: 7/12/2010 

 

 

 

 

 
Gamini Weeratunga, G.E.    Shiva Karimi, Ph.D, P.E., GE 
Transportation Engineer    Senior Transportation Engineer 
Geotechnical Design South 1    Geotechnical Design South 1 
Branch D      Branch D 
 
 
Prepared by:  Date: 7/12/2010 
 
 
 
 
 
 
Akbar Mehrazar 
Transportation Engineer 
Geotechnical Design South 1 
Branch D 
 
 
cc:  

District Project Manager Leo Chen Leo_Chen@dot.ca.gov 

GS Corporate Mark Willian Mark_Willian@dot.ca.gov 

District Construction R.E. 

Pending File 
Karl Lindquist Karl_Lindquist@dot.ca.gov 

Structure Construction R.E. 

Pending File 
Ken Bocchicchio RE_Pending_File@dot.ca.gov 

DES Office Engineer, Office of 

PS&E 
Jack Young Jack_Young@dot.ca.gov  

District Materials Engineer Behdad Baseghi behdad_baseghi@dot.ca.gov 
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To: MR. MOHAMMAD RAVANIPOUR  Date: June 22, 2010 

 Senior Bridge Engineer         

 Office of Bridge Design South 2   File: 12-ORA-91- PM 10.1R 

         12-0G3301 

         Retaining Wall No. 110 

 Attention: Mr. Wei-Kung Hsia  

 
From: DEPARTMENT OF TRANSPORTATION 

 DIVISION OF ENGINEERING SERVICES 

 Geotechnical Services 

Office of Geotechnical Design – South 1 

 Branch D 

 

Subject:  Foundation Recommendations for Retaining Wall No. 110 at Lakeview Avenue 

            Overcrossing (Br. No. 55-0475) 
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INTRODUCTION 

 

In a memo dated October 13, 2009, Office of Bridge Design South 2 requested a 

Foundation Report for the proposed Retaining Wall No. 110 as part of the State Route 91 

Freeway widening project. 

 

Retaining Wall No. 110 will be constructed between northbound and southbound 

Lakeview Avenue on-ramps to eastbound State Route 91 (SR-91), Orange County, 

California. Retaining Wall (RW) No. 110 has three segments consisting of Caltrans 

standard Type 1 retaining walls at both beginning and end wall segments and a tie-back 

wall for the middle segment. The tie-back segment of the RW 110 will be constructed 

under the Lakeview Avenue Overcrossing (OC) along the eastbound side of State Route 91 

(SR-91), Orange County, California. The purpose of the Office of Geotechnical Design 

South 1’s (OGDS1’s)  geotechnical investigation is to evaluate site soil conditions and to 

provide recommendations for foundation design of the proposed walls.   

 

SCOPE OF WORK 

 
The scope of work for the current study included performing the following tasks: 

 

a. Review of the pertinent literature, plans, and As-Built plans; 

b. Field reconnaissance by an engineer to observe the existing conditions at the site of the 

proposed wall; 
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c. Project coordination with Bridge Design South 2, Underground Service Alert, Caltrans 

Maintenance, City of Anaheim for traffic control, and Caltrans Drilling Services; 

d. Field investigation and laboratory testing;  

e. Interpretation of subsurface soil and groundwater conditions at the site of the proposed 

wall; and  

f. Engineering analyses and preparation of this report to present geotechnical 

recommendations for foundation design of the proposed wall. 

 

PROJECT DESCRIPTION 

 

This project is part of planned improvements along Route 91 between State Routes 55 and 

241 in the Cities of Anaheim, Anaheim Hills, and Yorba Linda.  The proposed retaining 

wall will be constructed between northbound and southbound Lakeview Avenue on-ramps 

to eastbound State Route 91 (SR-91). According to General Plan, Retaining Wall No. 110 

begins 135.6 ft Rt. Station 110+83 Centerline Rte. 91 (0+00 Wall LOL) and ends 117.4 ft 

Rt. Station 117+55 Centerline Rte. 91 (6+70.5 Wall LOL). Beginning and ending 

segments of Retaining Wall No. 110 consist of Type 1 wall segments and will be 

constructed at the toe of the Lakeview Avenue OC Abutment 1 (south abutment) and on-

ramp embankments. The proposed middle segment consists of a tie-back wall and will be 

in a cut section beneath the Lakeview Avenue Bridge to retain the abutment embankment 

materials within which the existing abutment piles are embedded. Total length of the wall 

is 670.5 feet with varying design height of 6 to 12 feet. The locations and the geometric 

layout data for the wall segments are presented in Table 1. All elevations provided within 

this report and proposed project plans are based on NAVD88 datum. 

 

Table 1 - Locations and Geometric Layout of Wall No. 110 

SR-91 

Centerline 

Station 

From To 

Wall 

Segment 

No. 

Wall 

Type 

Design 

Range of 

Retaining 

Wall     

Design 

Height 

(ft) 

Range of 

Foundation 

Width 

 (ft) 

Bottom 

of 

Footing 

Elev.   

(ft) 

110+83 111+43 A Type 1 6 – 10 4¼ - 6¼   
283.07 -

284.54 

111+43 112+61 B Tie-back 11.6
1
 NA 

280.90 -

283.40 

112+61 117+55 C Type 1 6 – 12  4¼ - 7¼ 
272.00 - 

278.72 
1
Retained slope height 
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FIELD INVESTIGATION 

 
The site-specific field exploration was performed between February 03 and March 23, 

2010. The field investigation included drilling one hollow-stem auger boring 7 inch outer 

diameter and two rotary wash borings 4.5 inch outer diameter. Standard Penetration Tests 

(SPT’s), and relatively undisturbed sampling (with a split-barrel sampler 2 inch inner 

diameter) were performed within the borings. Blow counts (SPT N-values) were recorded 

at 5 foot intervals during drilling. The SPTs were performed in accordance with ASTM 

Test Method D1586 using a standard 1.4 inch I.D. sampler with a 140 lb hammer dropped 

30 inches. Relatively undisturbed tube soil samples were also obtained using a 2 inch I.D. 

modified California Split Spoon Sampler with 4 inch long brass liners. The liners were all 

capped/sealed in the field. Caltrans operated drill rig models Mobil B-47 and CS 2000 to 

drill hollow-stem auger and rotary-wash borings, respectively. Microstation Log of Test 

Boring (LOTB) files and scanned copies of the As-Built LOTB sheets will be sent to the 

designer for inclusion within Contract Plans. 

 

District 12 Surveys provided the location and elevation of the borings. Boring information, 

including boring number, stationing, offset, ground surface elevation, boring depth, and 

date drilled are summarized in Table 2. 

 

Table 2 – Summary of Borings 

 

Boring No. Centerline 

Rte. 91 

Station 

(ft) 

Offset 

(ft) 

Surface 

Elev. (ft) 

Depth 

(ft) 

Date 

Drilled 

A-10-101 111+84.8 165.50 Rt 312.1 60.8 02/02/10 

R-10-102 112+47.7 232.20 Rt 311.0 75.9 03/23/10 

R-10-103 115+21.5 174.80 Rt 295.2 45.3 03/24/10 

 

 

LABORATORY TESTING PROGRAM 

 
Caltrans Materials and Geotechnical Laboratories are performing laboratory testing on 

selected samples obtained from the field investigation. The purpose of the laboratory 

testing was to help evaluate the engineering properties of the subsurface materials and to 

confirm visual classification of the soils.  Laboratory tests performed include moisture 

content, dry unit weight, wash sieve analysis, Atterberg limits, unconsolidated undrained 
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(UU) triaxial tests, direct shear, and corrosion tests.  Laboratory test results are retained in 

electronic format per the Geotechnical Service (GS) project archive requirements. 

 

SITE GEOLOGY AND SUBSURFACE CONDITIONS 

 

Regional Geology 

 

The project site lies along the southern margin of the Santa Ana River Valley adjacent to 

the northernwestern flank of the Santa Ana Mountains and south of the Chino/Puente Hills. 

The Santa Ana Mountains, and the site, are part of the Peninsular Ranges Geomorphic 

Province. The Peninsular Ranges Province is characterized by elongate northwest-trending 

mountain ridges separated by sediment-floored valleys. The northwest-trending Santa Ana 

Mountains are a large flexure, which has been uplifted on its eastern side along the 

Whittier-Elsinore Fault Zone, producing a tilted, irregular and complex highland that 

generally slopes westward toward the sea. The Whittier-Elsinore Fault Zone separates the 

Santa Ana Mountains, to the south, from the Puente/Chino Hills. The Santa Ana River 

flows westward through this separation created by the Whittier-Elsinore Fault Zone before 

turning south towards the ocean. 

 

The Santa Ana Mountains contain Mesozoic and Cenozoic geologic units which overly 

Mesozoic basement rocks forming the core of the mountains. As shown by Greenwood and 

Morton (1991), sedimentary units tend to be younger on the northwestern and western 

flanks of the Santa Ana Mountains. Older Cretaceous and Jurassic rocks are exposed east 

and south of the SR-91 project area.  On the flanks of the Santa Ana River Valley, at the 

project area, Tertiary and Quaternary sedimentary units are exposed as outcrops. Nearby 

Tertiary units include the Fernando Formation and Puente Formation generally ranging 

from Pliocene to Miocene age. Tertiary units are generally composed of marine and 

possibly some nonmarine sandstone and siltstone beds.  Younger surficial Quaternary 

deposits, along the flanks and within the Santa Ana River Valley, include Quaternary older 

alluvial terrace deposits, older alluvium, and Holocene alluvium in the stream valley and 

tributary stream valleys. Landslide deposits are also present in the mountains and along the 

flanks above the stream valley. Artificial fill is also present along the entire SR-91 

alignment. Quaternary alluvial terrace deposits are often composed of sand with gravel and 

pebbles and cobbles in clayey red sand and silt matrix. Alluvium is generally composed of 

interbedded sand, pebbly sand, gravel, silt, and clay.  

 



Mr. Mohammad Ravanipour    Retaining Wall No. 110 

June 22, 2010       12-0G3301 

Page 5  

      

“Caltrans improves mobility across California”  

Subsurface Conditions 

 

Existing embankment fill ranges from approximately 0 to 8 ft thick (thickest near 

centerline Lakeview Avenue south of Abutment 1 for the proposed tieback wall segment 

and thins to nothing for the west and east wall segments (part of these segments were cut 

slope).  Top and bottom of embankment fill ranges from approximate elevations +312 to 

+303 ft, respectively. Fill is composed of very stiff to hard clay interlayered with clayey 

sand and minor silty sand with gravel. Fill contains trace wood fragments. Where fill is 

present, fill is underlain by undifferentiated Quaternary alluvium/alluvial terrace material 

on the southside of Rte. 91 at the site. The Quaternary alluvium/alluvial terrace material 

can be divided into two units. The upper unit, ranging from approximate elevations +303 

to +295 ft down to +281 to +272 ft, is composed of hard to very stiff clay interbedded with 

estimated medium dense silty sand with gravel and silt.  The lower unit, ranging from 

elevations +281 to +272 down to +241 ft, is composed of dense to very dense, sand with 

gravel and cobbles (up to 6 inch length) interbedded with silty sand and gravel/cobble 

lenses. From approximate elevations +241 to +235.1 ft (within Boring R-10-102), very soft 

to soft siltstone representing the Pliocene age lower Fernando Formation was encountered. 

The siltstone exhibits pocket penetrometer values >4.5 TSF and can be described as a hard 

silt that is weakly cemented. The maximum boring depth extended 75.9 ft below the 

surface (down to elevation +235.1 ft). 

 

For additional subsurface information, the 1970 As-Built Log of Test Borings (LOTB, 1 

sheet) for the Taylor Street Overcrossing (Br. No. 55-0475, renamed Lakeview Avenue 

Overcrossing) was used. As-Built LOTB information is incorporated in the above 

discussion of sedimentary units. 

  

Groundwater 

 

 No groundwater was encountered within hollow-stem auger boring A-10-101 which  

extended down to a maximum depth of 60.8 ft below Lakeview Avenue grade (elevation 

+251.3 ft) during Caltrans’ recent field investigation. Piezometers were not installed in any 

of the borings drilled during this investigation.  No wet soil condition was observed in any 

of the samples taken from either rotary wash or hollow-stem auger borings. No 

groundwater was encountered within As-Built Boring B-1 advanced to a maximum depth 

of 51 ft (approximate adjusted elevation of +247 ft) during the May 1967 Caltrans field 

investigation. 
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CORROSION EVALUATION 

 
Selected soil samples were tested by Caltrans Materials Laboratory in order to assess 

corrosivity parameters including pH, resistivity, sulfate and chloride content.  The results 

are summarized in Table 3.  Based on the results of the corrosion analysis, the site is 

considered non-corrosive to concrete for foundation elements (Caltrans Corrosion 

Guidelines, 2003). 

Table 3 - Corrosion Test Summary 

Exploration 

No. 

Sample 

Depth  

(ft) 

pH 

Minimum 

Resistivity  

(ohm – cm) 

Sulfate 

Content 

(PPM) 

Chloride 

Content 

(PPM) 

A-10-101 15 - 25 6.58 1033 NA NA 

A-10-101 30 - 40 8.03 1000 NA NA 

 
Note: Caltrans currently considers a site to be corrosive to foundation elements if one or more of the following 

conditions exist:  Chloride concentration  >500 ppm, sulfate concentration >2000 ppm, or the pH <5.5.  It is the 

practice of Caltrans Corrosion Technology Section (with the exception of MSE Walls) if the minimum resistivity of 

the sample is greater than 1000 ohm-cm and the pH is greater than 5.5, the sample is considered to be noncorrosive. 

Since resistivity serves only as an indicatior parameter for the possible presence of soluble salts, it isn’t included to 

define a corrosive area. 

 

Regardless of the on-site corrosivity characterization, appropriate corrosion mitigation 

measures should be taken as specified in the Section 10-1 of Caltrans Standard 

Specifications (Structure Reference Specifications 50-560 (50TIEB)). 

 

SEISMIC RECOMMENDATIONS 

 

Faulting and Seismicity 

 

 Based on the Caltrans Deterministic PGA Map (July 2009), the Peralta Hills Fault, 

Elsinore Fault Zone (Whittier section), and Elsinore Fault Zone (Chino section) are 

identified as the nearest seismic sources for this retaining wall site. The controlling 

deterministic scenario at this site is governed by multi-fault hazard.  Important fault 

parameters were obtained from Caltrans 2007 Fault Database and latest Fault Errata 

Report and summarized in Table 4. Site-to-fault rupture surface distances (rrup) were 

estimated for each nearby seismic source based on the above fault parameters. 

  

 An analysis was performed to develop the ground motion parameters, including the 

Acceleration Response Spectrum (ARS) curve for the seismic design of the above 
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referenced retaining wall.  This analysis was performed in accordance with the procedures 

and requirements specified in Appendix B of the Caltrans’ 2009 Seismic Design Criteria 

(SDC, Version 1.5) for ordinary bridge structures, and utilizing the Caltrans ARS Online 

and spreadsheet tools and the Geotechnical Services Design Manual (2009), Version 1.0.   

  

 The average shear wave velocity (Vs30) for the upper 100 feet of the subsurface profile, a 

parameter needed for this analysis, was estimated to be about 350 m/sec.  This shear wave 

velocity was obtained by using empirical correlations presented in the above referenced 

Geotechnical Services Design Manual between the Standard Penetration Test (SPT) blow 

count number N and the soil shear wave velocity.  The soil layers and the corresponding 

SPT blow counts used in this analysis were based on the exploratory borings drilled at the 

site during the current investigation.   

 

 Near-source factors were applied to all calculations based on the fault distances less than 

25 km.  The site is not located in a deep sedimentary basin as defined in the Seismic 

Design Criteria (SDC) Appendix B (Version 1.5) and no basin amplification was applied.  

 

Deterministic response spectrums and probabilistic response spectrum (5% probability of 

exceedance in 50 years or 975 year average return period) were developed using ARS 

online and spreadsheet tools. The upper envelope, of the spectral values for the 

deterministic and probabilistic responses, was used as the design response spectrum. The 

Design Peak Ground Acceleration (PGA) of the site is estimated to be 0.64 g. A summary 

of the seismic analyses are presented in the Table below, and recommended ARS curve 

and tabular data are presented in Appendix A.  

 

 Table 4 – Seismic Summary 
Fault 

to Site 
Dist. 

Other ARS Parameters PGA (g’s) 

Basin 
Effects   

Determin. 
Controll. 
Fault & 
Fault ID 

MMax 
Fault 
Type 

Dip  
& 

Dir. RRUP       
(km) Z1.0  

(m) 
Z2.5 

(km) 

Hanging 
Wall 

Near 
Source 

Increase 
Deter. 

ARS 
Online 

USGS 
Deagg. 

Design 

Peralta 
Hills 

FID: 146 
6.2 R 

50° 
N 

1.92 Yes Yes 0.64 

Elsinore 
(Chino 

Section) 
FID: 242 

7.6 R 
50° 
W 

11.93 Yes Yes 0.49 

Elsinore 
(Whittier 
Section) 
FID: 241 

7.6 RLSS 
75° 
NE 

6.92 

330 2.0 

No Yes 0.39 

0.49 0.52 0.64 
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This office should be contacted with the structure natural period if ground motion 

degradation parameters are required. 

 

Surface Fault Rupture Hazard Evaluation 

 

The project site is not located within any CGS designated Earthquake Fault Zone (EFZ). 

The subject bridge site is not considered prone to surface fault rupture hazard; therefore, 

the possibility of surface fault rupture hazard at the bridge site is considered very low. 

 

Liquefaction  

 

The 7.5-minute Orange Quadrangle of the Seismic Hazard Zone Maps (Davis, 1999) 

indicates that the Lakeview Avenue Overcrossing is underlain by potentially liquefiable 

soils.  However, no groundwater was encountered in our recent investigation for the 

retaining wall site (drilled to a maximum depth of 75.9 feet) or during the 1967 Caltrans 

investigation for the bridge (drilled to a maximum depth of 51 feet). Since there is no 

indication of the presence of groundwater within the subsurface zone to a depth of 50 feet 

below surrounding grade and considering the dense to very dense/stiff to hard nature of the 

subsurface soil, the liquefaction potential is considered to be low.   

 

FOUNDATION RECOMMENDATIONS 

 

Type 1 Retaining Wall 

 

Bearing Capacity 

 
The following recommendations are based on Retaining Wall No. 110 General Plan and 

Typical Sections (revised May 03, 2010) provided by the Office of Bridge Design South 2. 

 

Based on Typical Section B-B, the Type 1 wall at this location is designed for loading 

Case III (sloping backfill + 240 psf surcharge). The retaining wall segment A and C will be 

approximately 60 ft and 492 ft length and ranges from 6 to 10 ft and 6 to 12 ft height, 

respectively. The retaining wall can be supported by stepped spread footing foundation 

with minor remedial grading below the footing. Additional details such as spread footing 

width, bottom of footing elevation, and contact pressures are shown partially in 2006 

Standard Plans Sheet (B3-1). The required minimum footing cover depth of 2 ft should be 

provided. 
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The ultimate bearing capacity was estimated using Terzaghi’s equation for general shear 

failure. Summary of the calculated ultimate bearing capacity for maximum and minimum 

wall heights are presented in Table 5 below. 

 

Table 5 - Bearing Capacity for Retaining Wall 110 Spread Footings 
1
Wall LOL 

Stationing 

Wall No. 

110 

Segment From To 

Wall        

Design 

Height 

(ft) 

Spread 

Footing 

Base 

Width   

(ft) 

Approximate 

Bottom of 

Footing  

Elevation 

 (ft) 

Bottom of 

Sub-

excavation  

Elevation 

(ft) 

Gross 

Allowable 

Soil 

Bearing 

Pressure 

(qall) 

ASD 
2 

(ksf) 

6 4¼ 284.5 282.5 1.4 

8 5¼ 283.1 281.1 1.7 A 
0+00 

(110+83) 

0+60 

(111+43) 

10 6¼ 283.1 281.1 2.5 

6 4¼ 272.0 270.0 1.4 

8 5¼ 272.0 – 273.8   270.0 – 271.8 1.7 

10 6¼ 272.0 270.0 2.5 
C 

1+78 

(112+61) 

6+70 

(117+55) 

12 7¼ 276.2 – 278.2 274.2 – 276.2 2.9 

1
 Values in parenthesis are the approximate stationing on SR-91 centerline. 

2
 Allowable Stress Design, (ASD).  The Maximum Contact Pressure, (qmax), is not to exceed the recommended Gross 

Allowable Soil Bearing Pressure, (qall).  The Ultimate Soil Bearing Capacity, (qult), will exceed or equal 3 times the 

recommended Gross Allowable Soil Bearing Pressure, (qall).  

 

In order to provide a uniform bearing material (observed varying subsurface condition at 

footing level) and limit differential settlement, 2 ft of remedial grading is recommended 

beneath the wall footing. Remedial treatment consists of overexcavating existing soils 

within the specified limits to 2 ft below footing grade and replacing these soils with 

structure backfill compacted to 95% R.C. (relative compaction) up to footing grade. The 

horizontal limits of the structure backfill prism should extend from a line one foot beyond 

the retaining wall’s toe and heel and then down and out at a 1.5:1 (H:V) slope to a depth 

equal to the bottom of the subexcavation. Refer to the Caltrans Standard Specifications 

(2006), section 19-5.03 for details.  
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Settlement 

 

The specified limits of the structure backfill prism should reduce overall settlement and 

differential settlement beneath the wall by replacing poor quality variable soils with more 

homogenous compacted structure backfill at the site. Differential settlement of the 

foundations will be acceptable and within tolerance (1V:500H for CIP concrete retaining 

walls) after the required subexcavation and replacement of a portion of the existing 

material beneath the wall spread footing footprint. 

 

TIE-BACK SYSTEM 

 

Tieback inclination 

A typical tieback inclination of 15 degrees from horizontal may be used for the tieback 

installation at Retaining Wall 110, to facilitate tendon installation and grouting, and to 

avoid applying excessive vertical loads on the tie-back wall that could induce downward 

movement. 

 Unbonded length 

In order to prevent significant reduction in load resulting from seating losses during 

transfer of load to the structure following anchor load testing, a minimum unbonded length 

of 15 feet is recommended for the tiebacks at Retaining Wall 110.  The free length 

(unbonded zone) of the tieback anchors should extend beyond the surface (Rankine wedge) 

shown on Figure 1. below.  In addition, the bonded portion of anchors should be setback 

behind the existing abutment piles a minimum distance of 6 feet or 5 times the diameter of 

the concrete anchors, whichever is greater. The bond between the anchor and soil should 

be considered effective only in the grouted zone beyond this length. 

 

 

 

 

 

 

 

 

 

 

Figure 1 – Unbonded Length 

Anchor Bond Length  

Free Zone 

Min. 5 ft       

or H/4 

590 

150 

    H 

Failure Plane 
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Lateral Earth Force  

 
Based on the available borings, the interpreted subsurface material to be retained by  

Retaining Wall No. 110 predominantly consists of very stiff to hard clay. For a multi-tier 

permanent tieback system at Wall 110 with clayey retained soil (between approx. elev. 

+312 and +281), a trapezoidal pressure distribution with a total resultant force of 30H
2
 lb/ft 

per ft of wall as shown in Figure 2 below may be used to estimate the lateral earth force on 

the tieback wall, where H is the wall height.  

In addition to these pressures, retaining wall should be designed to resist a uniform lateral 

pressure acting over the height of the wall and equal to 0.5 times the surcharge loads 

imposed by vertical loads adjacent to the wall (within a distance of H from the wall). 

  

As the existing abutment piles are close to the tieback wall, designers need to consider 

adding lateral loads from existing piles for the tie-back design. 

 

Passive Resistance 

 
Based on our site characterization, an equivalent fluid pressure of 280 lb per cubic feet 

(lb/ft
3
) may be used to estimate the lateral passive earth force on the shotcrete facing 

elements below finished grade at wall face.  We recommend using a triangular pressure 

distribution increasing linearly with depth of the excavation.  The allowable passive 

pressure should be limited to a maximum passive pressure of 4000 lb/ft
2
. 

 

Load Testing 

 

For anchored system applications, the ground anchors should be tested after installation 

and prior to being put into service in order to verify that the ground anchor can carry the 

design load without excessive deformations and that the assumed load transfer mechanism 

have been properly developed behind the assumed critical failure surface.  This load 

testing methodology and specific acceptance criteria should be in accordance with Section 

10-1 of Caltrans Standard Specifications (Structure Reference Specifications 50-560 

(50TIEB)).  After acceptance, the ground anchor is stressed to a specific load and the load 

should be locked-off.         
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2/3H1 

H2 

H = Distance from ground surface to base of excavation 
 

H1 = Distance from ground surface to uppermost ground anchor 
 

Hn+1 = Distance from base of excavation to lowermost ground anchor 

Thi = Horizontal load in ground anchor i 

R = Reaction force to be resisted by subsurface (i.e., below base of     
             excavation) 

Pa = Maximum ordinate of diagram, TOTAL LOAD/[H-1/3H1-1/3HN+1] 
 
TOTAL LOAD = 30H2 

 

H 

2/3(H-H1) if only one anchor 

2/3 Hn+1 if more than one anchor 

Hn+1 

H1 

Thn 

Th2 

Th1 

Pa 

1/3H if only one anchor 

R 

ββββ    

Design 

Grade 

Figure 2 – Lateral Earth Force 
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Impact on Existing Bridge Structure 

 

Existing Lakeview Avenue Overcrossing abutment footings consist of battered and vertical 

driven concrete piles. As the passive resistance provided by the sloping abutment 

embankment will be replaced by tieback wall, no negative impact on the lateral or axial 

capacity of the existing bridge abutment piles is anticipated due to the construction of the 

tieback wall. 

 

SLOPE STABILITY AND IDEALIZED SOIL PARAMETERS 

 
Global stability analysis for static and pseudo-static (earthquake) loading was performed 

using computer software Slope/W Version 5.0, utilizing Spencer Method to compute the 

minimum factor of safety for circular failure surfaces. OGDS1 has performed slope 

stability analyses at one critical location identified to have the maximum combined wall 

and slope height at approximate Wall LOL Station 1+60 (approximate centerline Rte. 91 

Station 112+51).  

 

The analyses were performed using the generalized soil profile developed based on the 

subsurface information and laboratory results from the recent field investigation. The soil 

profile with corresponding soil parameters used for the slope stability analyses are given in 

Table 6 below.  A traffic surcharge load of 240 psf was applied at the top of the slope.  For 

pseudo-static analysis, a seismic force was applied to the soil mass based on a horizontal 

seismic acceleration coefficient, kh, equal to one-third of the design PGA.  

 

The slope stability analysis yielded a factor of safety greater than the minimum acceptable 

values of 1.3 and 1.1 for static (global) stability and pseudo-static condition, respectively 

(Section 5.2.2.3; Bridge Design Specifications - August 2004). 

Table 6 - Idealized Soil Parameters for Slope Stability  
Idealized 

Soil Type 

Approximate 

Elevation 

Range 

ft 

Thickness 

 

 

ft 

Unit 

Weight 

 

pcf 

Internal 

Friction 

Angle 

(degrees) 

Cohesion 

 

 

psf 

Lean Clay 312 - 294 18 135 26 750 

Clayey Silt 294 - 280 14 130 25 500 

Gravel, Sand 

w/Silt, Sand 

w/Gravel 

280 - 244 36 125 35 25 
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CONSTRUCTION CONSIDERATIONS 

 
1. Foundation excavations should be cleaned of loose debris. Should any large rock 

fragments, rebar, or other debris be found at the bottom of footing elevations, the 

contractor should be prepared to remove and replace them with either structure backfill  

compacted to 95% R.C. or lean concrete. 

 

2. All earthwork is expected to be carried out by conventional equipment. Fill placed on 

sloping ground shall be properly keyed and benched into existing ground and placed as 

specified in Section 19-6 of the Caltrans Standard Specifications (May 2006).  

 

3. Free water shall not be allowed to stand in any excavations.  If excavations become 

flooded, a minimum of the bottom 6 inches of soil shall be removed and replaced or 

recompacted per Caltrans specifications. If materials are degraded to a further extent, 

more removal and replacement may be necessary. 

 

4. Based on soil types encountered during the recent investigation, OGDS1 recommends a 

slope ratio of 1H:1V or flatter for the temporary back cut slope and excavations for 

construction.  If there are constraints due to construction or traffic concerns, temporary 

shoring may be utilized to accommodate steeper excavations for the proposed spread 

footings. 

 

5. Tieback anchors shall be installed in accordance with the manufacturer's 

recommendations.  In case of a conflict between the manufacturer's recommendations 

and Section 10-1 of Caltrans Standard Specifications (Structure Reference 

Specifications 50-560 (50TIEB), these special provisions shall prevail. 

 

6. Choice of particular drilling method must consider the overall site condition as 

sporadically difficult drilling conditions for tie-backs are anticipated generally due to 

coarse gravel and possible cobbles composed of hard rock fragments. Due to the 

generally granular nature of the anchor material, some caving should be anticipated and 

mitigated against. Coring and casing may be required. 

 

7. Large diameter hollow stem augered anchors should be discouraged as some of the 

anchor will be placed in medium dense to very dense sandy and gravelly soils that may 

cause excessive ground loss. 
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8. The contractor should exercise care to minimize impact to the existing abutment and 

piles due to the installation of tie-back anchors. OGDS1 recommends a monitoring 

program be implemented during construction to detect any potential movement at the 

abutment. If any vertical or lateral movement occurs, construction should be stopped 

immediately and measures to mitigate the movement should be implemented.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Mr. Mohammad Ravanipour    Retaining Wall No. 110 

June 22, 2010       12-0G3301 

Page 16  

      

“Caltrans improves mobility across California”  

If significant future design changes are made in wall type, wall heights, bottom of footing 

or profile grade elevations, and design loading from that shown on referenced plans and 

within this report, OGDS1 should review the changes to verify that the foundation 

recommendations provided within this report remain applicable. 

 

If you have any questions and/or further assistance is required please contact Pratheep 

Piratheepan at (213) 620-2363 or Shiva Karimi at (213) 620-2146. 

 

Prepared by:  Date: 06/24/2010  Supervised by: Date: 06/24/2010 

 

 

 

 

 

 

Pratheep Piratheepan, P.E., G.E.   Shiva Karimi, Ph.D., P.E., G.E.,  

Transportation Engineer    Senior Transportation Engineer  

Office of Geotechnical Design South 1  Office of Geotechnical Design South 1 

Branch D      Branch D 

 

Prepared by:  Date:  06/24/2010 

 

 

 

 

 

Joe Pratt, C.E.G. No. 2141   

Engineering Geologist 

Office of Geotechnical Design South 1 

Branch D 
cc:  

District Project Manager Leo Chen Leo_Chen@dot.ca.gov 

GS Corporate Mark Willian Mark_Willian@dot.ca.gov 

District Construction R.E. 

Pending File 
Karl Lindquist Karl_Lindquist@dot.ca.gov 

Structure Construction R.E. 

Pending File 
Ken Bocchicchio RE_Pending_File@dot.ca.gov 

DES Office Engineer, Office of 

PS&E 
Jack Young Jack_Young@dot.ca.gov  

District Materials Engineer Behdad Baseghi behdad_baseghi@dot.ca.gov 
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DESIGN ARS CURVE 
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Retaining Wall 110 

At Lakeview Ave. OC (Br. No. 55-0475)

12-ORA-91-PM 10.1R; EA: 12-0G3301

Envelope Data

Period SA
(s)

0.010 0.6364

0.020 0.6540

0.022 0.6628

0.025 0.6757

0.029 0.6915

0.030 0.6960

0.032 0.7059

0.035 0.7204

0.036 0.7253

0.040 0.7441

0.042 0.7538

0.044 0.7633

0.045 0.7683

0.046 0.7733

0.048 0.7827

0.050 0.7923

0.055 0.8138

0.060 0.8355

0.065 0.8565

0.067 0.8649

0.070 0.8771

0.075 0.8978

0.080 0.9199

0.085 0.9416

0.090 0.9628

0.095 0.9838

0.100 1.0043

0.110 1.0421

0.120 1.0758

0.130 1.1041

0.133 1.1109

0.140 1.1258

0.150 1.1444

0.160 1.1626

0.170 1.1768

0.180 1.1892

0.190 1.1994

0.200 1.2079

0.220 1.2106

0.240 1.2098

0.250 1.2077

0.260 1.2024

0.280 1.1923

0.290 1.1854

0.300 1.1787

0.320 1.1649

0.340 1.1502



Retaining Wall 110 

At Lakeview Ave. OC (Br. No. 55-0475)

12-ORA-91-PM 10.1R; EA: 12-0G3301

Envelope Data

Period SA
(s)

0.350 1.1421

0.360 1.1343

0.380 1.1177

0.400 1.1010

0.420 1.0808

0.440 1.0603

0.450 1.0507

0.460 1.0408

0.480 1.0215

0.500 1.0031

0.550 0.9590

0.600 0.9202

0.650 0.8854

0.667 0.8748

0.700 0.8541

0.750 0.8253

0.800 0.7902

0.850 0.7580

0.900 0.7279

0.950 0.7085

1.0 0.6920

1.1 0.6358

1.2 0.5859

1.3 0.5408

1.4 0.5005

1.5 0.4690

1.6 0.4410

1.7 0.4170

1.8 0.3950

1.9 0.3760

2.0 0.3580

2.2 0.3230

2.4 0.2940

2.5 0.2810

2.6 0.2690

2.8 0.2480

3.0 0.2300

3.2 0.2130

3.4 0.1990

3.5 0.1920

3.6 0.1860

3.8 0.1740

4.0 0.1640

4.2 0.1570

4.4 0.1510

4.6 0.1450

4.8 0.1400

5.0 0.1350
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